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Introduction 
Deborah Oakley, University of Maryland 
Ryan Smith, University of Utah 
Symposium Co-chairs 
 

Background 

In the summer of 1996, a group of archi-
tectural educators gathered in Milwaukee, 
Wisconsin, to share their experiences of 
teaching structures classes to students of 
architecture. Supported by an ACSA grant, 
noted educator and author Edward Allen 
spearheaded the effort and worked with the 
then ACSA president, Linda Sanders (her-
self also a structures educator), to plan and 
publicize the event. Held at the School of 
Architecture and Urban Planning at the Uni-
versity of Wisconsin, and working with pro-
gram chair Gil Snyder, the theme of the 
conference was "Teaching Structural Crea-
tivity.” An emphasis was placed on sharing 
various ways to get students involved in the 
decision-making process and shaping of 
structural systems, and included great ses-
sions such as “Your Best 20 Minutes of 
Teaching.” Attendees have described it as a 
fairly informal atmosphere with a number of 
excellent presentations and discussions of 
teaching approaches among the approxi-
mately forty participants. 

While there was great enthusiasm during 
the event, and a subsequent discussion of 
forming a follow-on group occurred on the 
last day, in the end the outcome of the con-
ference was mostly in the ways individual 
instructors applied the ideas in their own 
teaching and publications; no further such 
conferences were held nor any organization 
ever formed. In the words of Ed Allen, "I 
think it did a lot of good in freeing up the 
structures teaching at a few schools, but 
there was no big breakthrough."  

Fast forward many years later. As a new 
tenure-track structures professor, Deborah 

Oakley had learned of the Milwaukee event  
by word of mouth and was very intrigued, 
particularly as it was in her area of teaching. 
At the last formally separate ACSA Tech-
nology Conference held in Miami Beach in 
2004, discussions with Bruce Lonnman of 
the American University in Sharja, UAE, 
(who had attended the Milwaukee confer-
ence) planted the seed thought about a 
possible follow-on meeting. Shortly there-
after and unknown to Deborah, Ryan Smith 
began independently evolving similar 
thoughts with Edward Allen and Christine 
Theodoropoulos at the University of Oregon 
for a gathering of educators focused on ma-
terials and construction technology educa-
tion.  

 

Edward Allen reminds us of the importance of edu-
cating architectural students in form-finding versus 
number-crunching
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Upon learning of one another's interests, it 
immediately seemed obvious that we should 
merge our efforts and plan an event that 
would encompass both materials and meth-
ods as well as structures education, as we 
see the link between these two branches of 
study as being so inherently strong. Our ini-
tial email solicitations with other colleagues 
indicated that there was sufficient pent-up 
interest in having such a conference that it 
was worthwhile pursuing. Thus began the 
planning for what has become this, the 
Building Technology Educators' Symposium.  

In the years since the Milwaukee confer-
ence, there have been exciting develop-
ments in teaching structural and construc-
tion technology by numerous individuals 
from across the country and internationally. 
But, aside from the scattered individual 
connections made at events such as the 
annual ACSA Meeting, ACADIA, AIA and 

numerous other conferences, there has 
been no single gathering point to bring us 
together for the specific purpose of targeted 
discussions related to the advancement of 
teaching the subjects of construction mate-
rials and methods and structures. We thus 
learn of one another’s efforts in a piecemeal 
and somewhat unstructured fashion, our 
primary exchanges occurring via the Con-
nector newsletter. It is therefore the intent of 
the BTES to bring as many of us as possi-
ble together in one place to openly share 
our insights and advance the state of the art 
of teaching in these areas more broadly. 

Development 

When we began our planning for the sym-
posium our initial concern was that interest 
would be somewhat moderate and few peo-
ple would attend. Much to our delight, how-
ever, the request for proposals brought in 
an unexpectedly high number of responses 
and interest. With a projected attendance of 
nearly seventy, we are delighted that almost 
one third of all attendees are not even com-
ing as presenters, but simply for the learn-
ing and sharing experience. Clearly, the 
need for a venue to discuss architectural 
technology is in great demand.  

The call for proposals brought in a large 
number of submissions as well. With over 
sixty excellent abstracts received, our chal-
lenge was not in getting people to submit 
papers, but in deciding whom to decline. A 
blind peer review of the abstracts then en-
sued, with acceptance contingent upon the 
following criteria: Appropriateness to the 
symposium theme of building technology 
pedagogy in architectural education; 
whether the proposal had the potential to 
critically stimulate discussion; whether it 
pushed or challenged conventional peda-
gogy; and if it was a timely and current is-
sue concerning teaching technology in ar-
chitecture. The papers that are included in 
these proceedings and presented during the 
sessions reflect these criteria.  

 

 

The University of Maryland School of Architecture, 
Planning and Preservation, venue for the BTES 2006 
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The diversity of the papers presented repre-
sents a wide range of interests and exper-
tise among technology teaching faculty in 
schools of architecture. Topics that have 
been included in the symposium include 
structures and construction technology the-
ory, technology pedagogical models, tech-
nology integrated curricular models, tech-
nology teaching tools, design-build educa-
tion, building enclosures, technology educa-
tion, and the current hot-button topic every-
where in our industry, Building Information 
Modeling (BIM). 

As an emerging digital technology, Building 
Information Modeling has continued the dis-
cussion of the computer’s role in designing 
and building. New materials and applica-
tions of construction provide for more effi-
cient structures, more durable, performance 
based building systems, and more environ-
mentally sensitive and responsive architec-
ture. Simulation and performance modeling 
in structures and construction technology 
will continue to pervade the profession and 
therefore the role of the educator in tech-
nology becomes important in establishing a 

critical pedagogy. Over the three days of the 
symposium, discussions will ensue regard-
ing our role as educators in technology 
teaching and preparation for the constantly 
changing climate of contemporary architec-
tural practice. Additionally, the symposium 
is an excellent opportunity to find collabo-
rators for research and teaching projects.   

Looking Ahead 

The overarching hope of this gathering is to 
work toward establishing what had been 
discussed those many years ago in Milwau-
kee: a long-term academic group interested 
in teaching and researching architectural 
technology. The Society of Building Science 
Educators (SBSE) has met for many years 
and discussed issues regarding building 
science in the areas of environmental con-
trols and sustainability. Inasmuch as build-
ings are not isolated in their design of envi-
ronmental controls, structures and construc-
tion technology as completely independent 
concerns, we wonder if our potential organi-
zation can join in meetings with the SBSE, 
or possibly become a sub-group to the es-
tablished organization.  We envision pro-
ceeds from the BTES being used as seed 
money for this work, with the potential for 
creation of a dedicated web site and possi-
ble establishment of the existing Connector 
newsletter as our “official” journal. The open 
discussion to be held on the last day of the 
symposium will address these questions. 

We further see the need for more meetings 
such as the BTES that will allow for an inte-
gral mentoring process to occur between 
senior and junior faculty throughout the 
country. As educators, we are not just pro-
fessional trainers, but mentors, passing be-
tween ourselves and on to students a pas-
sion for architecture and technology. In the 
words of Brandeis sociology professor Mor-
rie Schwartz in Tuesdays With Morrie,  

“The way you get meaning into 
your life is to devote yourself to 
creating something that gives 
you purpose and meaning.”  

 
The Connector newsletter….a possible “official” jour-
nal for a Building Technology Educator’s Society?
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A final—and we trust not inconsequential—
outcome of this symposium is this very col-
lection of proceedings itself. While not a 
formal textbook, it nonetheless compiles in 
one volume (and, to the best of our knowl-
edge, for the first time ever) a number of 
excellent pedagogic approaches to con-
struction and structural technology in archi-
tecture. It is hoped that this material may be 
influential to other educators, particularly 
those new to teaching students of architec-
ture and others (such as engineers in ad-
junct positions) unaccustomed to the unique 
educational challenges of an architectural 
curriculum. 

We are very much looking forward to a 
stimulating and thought-provoking sympo-
sium, and potentially a beginning to an or-
ganization with frequent gatherings that 
bring technology faculty together to continue 
to adapt teaching pedagogy in architecture 
that is current, pertinent, and effective. This 
symposium is structured as an interactive 
gathering of educators passionate about 
teaching and architectural technology. As a 
member of this community of scholars and 
practitioners, your contributions are invited 
and welcome to help generate continued 
intellectual discourse and dissemination of 
the best contemporary practices in the field 
we love so well.  
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 1996 Milwaukee Conference Reflections 1 

Some Remembrances of the August 1996 Meeting 
of Building Technology Educators 
in Milwaukee, Wisconsin 
 
Gil Snyder 
July, 1996 
 

 

The conference took place in the three-year 
old Architecture and Urban Planning Build-
ing located on the University of Wisconsin-
Milwaukee campus at the beginning of Au-
gust 1996. Milwaukee’s signature building, 
the Art Museum by Calatrava, was still three 
years away from being built. UWM was 
known as an “ink-on-Mylar” school and the 
computer was still a fairly novel addition to 
our curriculum, especially given the budget-
ary constraints of state institutions. The con-
ference was organized primarily by fax, 
since E-mail existed, but wasn’t widely 
available. 

The cover of the August 1996 Architecture 
magazine (PA had recently met its demise) 
featured Eisenman’s Arnoff Center at the 
University of Cincinnati. In that same issue 
was an interesting debate pitting Robert 
Gutman advocating for “Redesigning Ar-
chitecture Schools” against Reed Kroloff 
noting “How the Profession is Failing the 
Schools.” The central point of contention in 
that discussion was indeed over “technical 
proficiency.” 

Gutman wrote “that the building process 
often goes more smoothly by circumventing 
the architect and dealing directly with con-
tractors and construction manag-
ers….Architecture schools have contributed 
astonishingly little to the relief of this divided 
fate.” To which Kroloff essentially re-
sponded, “The profession, it seems, has 
long been confused about the difference 
between education and training.” 

While not exactly the impetus for the con-
ference, that series of thought pieces in Ar-
chitecture magazine accurately summarize 
the background against which the confer-
ence was set. The convening of the confer-
ence itself was actually the brainchild of Ed 
Allen, Linda Sanders (at the time Dean of 
Cal Poly Pomona), and Richard Kellogg 
(emeritus professor from the U of Arkan-
sas), with some help from Gil Snyder who 
was then Chair of the UWM architecture 
department. 

The idea was to bring together educators in 
architecture schools to discuss strategies 
for integrating design and technology in the 
curriculum of their schools. To accomplish 
this task, the conference was divided into 
workshops and presentations. The work-
shops were purposefully hands-on, while 
the presentations were selected to show-
case teaching pedagogies and examples of 
design and technology integration. Every-
one showed slides, if they didn’t use over-
heads. 

There were three demonstration workshops. 
Ed Allen gave a spectacular workshop on 
Graphic Statics that had everyone in the 
room convinced they were Gaudi by the 
end. Mike Utzinger from UWM helped Ed 
out with that presentation that involved 
“hands-on” plotting and drawing. 

Fuller Moore’s presentation centered on the 
use of physical models used to elucidate 
structural principles. The most memorable 
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moment was his use of a “shake table” to 
simulate earthquake loading. 

We had to make special arrangements for 
the third workshop presenter, who came 
fully loaded with computer models of struc-
tural behavior, a decided rarity at the time. I 
remember having to contact the central 
Audiovisual Department of the University to 
obtain the “special” equipment Chris Lub-
kemann required.  

Interspersed among these three workshops 
were a series of presentations dealing with 
methods for effectively integrating design 
and technology into architectural curricula. 
These presentations were excellent, and 
focused generally on the teaching of struc-
tures.  

By way of example, Gary Black’s presenta-
tion on structural behavior in bridge design 
took everyone’s breath away. He showed us 
a digital model of one of Maillart’s bridges, 
demonstrating how stiffness in the deck on 
the top of the assembly took away bending 
even with pin connections. His presentation 
was a harbinger of things to come in many 
ways.  

Dick Kellogg spoke about the efficacy and 
economy of demonstrating structural behav-
ior with simple models made using polysty-
rene foam (PSF). I still have my copy of 
”Demonstrating Structural Behavior” that 
Dick made available at the conference. Mike 
Utzinger’s integration of structural design 
with architectural design in a series of prob-
lem sets he developed for teaching ad-
vanced structures at UWM were a big hit. 

Some discussion related to building con-
struction was held, but generally within the 
context of its relationship to the teaching of 
structures. There were also two presenta-
tions on design/build studios. 

A general exhibition was mounted in the 
main floor hallway of the architecture 
school. Both presenters and participants 
displayed teaching materials here for the 
assembly. We set up a small photographic 
copy stand in a corner of one of the pres-
entation rooms for general use over the 
course of the conference in sharing slides 
by copying them. That was a popular activ-
ity. 

Discussion was lively and everyone was 
very excited by the meeting. I can’t be sure, 
but I think we took everyone for bowling and 
beer at Landmark Lanes towards the end of 
our time together. After some invigorating 
days sharing teaching techniques and 
speculating on future directions, we had all 
earned a “tall cool one.” It’d be hard to leave 
Milwaukee without doing that. 

 

(As remembered by Gil Snyder, with some 
help from Mike Utzinger and Jim Dicker. 
Apologies all around for omissions and de-
clining memory.) 
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Keynote Address: The Essence of Building Technology 
 
Edward Allen 
Visiting Professor, University of Oregon & MIT 
 
 
 
I believe that nearly every student of archi-
tecture enters school wanting to become 
broadly competent in the technical areas of 
architecture. 
 
They want to learn to design structures like 
Santiago Calatrava, to use materials and 
invent details like Renzo Piano, to design 
for energy efficiency like Malcolm Wells. 
 
But by the end of their first year of study, we 
have educated that desire out of them. 
 
By the end of their first year, they know that 
studio is fascinating and all-important, and 
that the technical courses are necessary 
evils that must somehow be endured. 
 
The end result is that we graduate genera-
tion after generation of students who are not 
broadly competent, and whose design work 
suffers from a lack of understanding of the 
technical means by which we build. This is a 
disaster of major proportions for the quality 
of the built environment, and a personal 
tragedy for thousands of individuals. 
 
Why does it happen? The simple answer is 
that it happens because of “The Gap.” 
 
“The Gap,” that huge, bottomless gulf that 
separates the design studios from the tech-
nical courses in most schools of architec-
ture. 
 
I believe that The Gap exists because of 
differences in goals and language between 
the studios and the technical courses. 
 
In the design studio, the goal is to create 
good form, and the language is shape. 

In the technical courses, the goal is techni-
cal competence, and the language is math 
and science. 
 
In other words, we technical teachers don’t 
have the same goal as the design studios, 
and we don’t speak the same language. 
 
This often means that we communicate 
poorly, if at all, with the studio teachers. 
 
Our students suffer because they get a dis-
jointed education that fails to bring out the 
rich potential of building technology as an 
element of architectural design. 
 
Who is to blame for this situation?  
 
Well, let’s be honest: A lot of studio teach-
ers are technically incompetent. They show 
little concern for integrating technology into 
the studio setting. It would be easy to blame 
them for the Gap. 
 
But then we must ask, “How did those stu-
dio teachers get to be this way?”  
 
And the answer is that they got their nega-
tive attitude toward technology by taking 
technical courses from people like us. 
 
If we’re looking for someone to blame, 
we need only look in a mirror, because 
WE, the tech teachers, are to blame for 
the Gap. 
 
Let me offer an immediate bit of evidence 
that this is true. 
 
Imagine for a moment a department with no 
design studios or design teachers. 
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This department has only technical teach-
ers, and concerns itself with structures, ma-
terials, construction, and the like. 
 
There are no studios, and no studio teach-
ers to badmouth the technical courses. 
Technology is KING. 
 
This is a description of a typical structural 
engineering or civil engineering department. 
 
Nationwide, a very large proportion of CE 
and structural engineering departments are 
faced with a life-or-death crisis. 
  
Enrollments have diminished to the point 
that many of these departments can’t justify 
their further existence. Students don’t want 
to major in these fields because the 
courses are dull.  
 
In a time when some of the most exciting, 
innovative structures of all time are being 
designed and built, structural engineering 
professors have sucked all the life out of 
structural design and made it a dry, unat-
tractive option. 
 
They’re doing this by teaching only the ana-
lytical side of structural engineering, and 
ignoring the synthetic side. They have no 
interest in getting the forms of structures 
right. They teach their students to be calcu-
lators of structures, not creators of struc-
tures 
 
Several years ago, I received a letter from a 
student at Swarthmore College. He was 
double majoring in structural engineering 
and studio art. He wrote: 
 
 “In the last four years, I’ve caught glimpses 
of how unbelievably interesting structural 
design can be, but have had very few first-
hand experiences...The bridges of Cala-
trava, Menn, and Maillart make clear that 
creative decisions can be made in a struc-
tural design, but I’ve never had a professor 
who embraced these ideals. Last Fall I took 
a directed reading course in bridge design, 

but got so bogged down in the American 
Association of State Highway and Transpor-
tation Officials Load and Resistance Factor 
Design that it wasn’t very enjoyable. 
 
 “Can you recommend any graduate pro-
grams in structural engineering [that would 
teach the DESIGN of structures]? Any ideas 
would be greatly appreciated.” 
 
I had to advise him to go to Switzerland or 
Germany. There is nothing for him in this 
country. 
 
I hear the same complaints from architec-
ture students around the country about their 
technical courses–not just structures but 
ALL their technical courses. In many 
schools of architecture, maybe the majority 
of them, students don’t like our courses. We 
have serious problems in how and what 
we teach.  
 
I think that most of our problems are caused 
by a lack of clarity about who we are and 
what we do. We’ve gone about our business 
for many years without stepping back to 
look objectively at what we’re doing. A host 
of important questions have arisen, and 
they have gone unanswered. Questions 
like: 
 
What is it that we teach, this subject area 
called “technology?”  
 
What do technical courses have in common 
that makes them an identifiable area of the 
curriculum? 
  
Is it that technical courses all employ 
mathematics? Or that they are all based on 
science?  
 
Do we teach building science? Building en-
gineering? Building technology? What is the 
difference between science and engineering 
and technology, anyway? 
 
What is our purpose? Is it to furnish techni-
cal support to the design studios? Or is it 
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perhaps to teach students what they need 
to know to pass the Architectural Registra-
tion Examination? Do we have a mission 
that is independent of the studios and the 
ARE?  
 
These questions can be summed up in 
one big, important question: WHAT IS 
the ESSENCE of building technology?  
 
What is the essence of building technology? 
What is most essential to our teaching? This 
question becomes more and more important 
as we are yanked in new directions by build-
ing information modeling, “green” architec-
ture, design for the physically challenged, 
computer graphics, computer algorithms 
and simulations, computer-driven cutting 
machinery, and 3-D photorealistic modeling.  
 
What is the essence of building technol-
ogy? It’s crucial to know the answer to this 
question as we are forced again and again 
to yield space in the curriculum to new in-
truders such as social factors and architec-
tural theory. We need to know who we are, 
what our essential business is, and why it’s 
important, so that we can assert ourselves 
and explain our mission in our schools. 
 
I’ve concluded that the essence of build-
ing technology is not mathematics. It’s 
not science. It’s not engineering.  It’s not 
preparation for the Architectural Regis-
tration Exam. 
 
These things may play important roles in 
our teaching of building technology, but they 
are not the essence. 
  
The essence of building technology, the 
concern that should be the primary fo-
cus of all our courses, is GETTING THE 
FORM RIGHT. 
 
Yes, you heard me right. I said that the es-
sence of building technology is getting the 
form right. Get the form right, and the rest 
is easy.  

Let’s consider some examples that demon-
strate why this is so. 
 
Think about acoustics. What’s the least ex-
pensive, most effective way to isolate a 
noisy room from a quiet one? It’s to form the 
building in such a way that the two rooms 
are remote from one another. If they’re ad-
jacent, we can employ a whole arsenal of 
products and strategies to reduce noise 
transmission between the rooms. It will cost 
a bundle, and the result will never be as sat-
isfactory as it would have been if we had 
formed the building so that one room was at 
one end of it and one at the other end. A 
good solution to the problem is a matter of 
getting the form right. Get the form right, 
and the rest is easy. 
 
Still thinking about acoustics, the design of 
a theater or concert hall is above all a for-
mal problem. Make the room a bad shape, 
and you’re faced with poor hearing condi-
tions and increased expense for remedia-
tion. Get the shape of the room right, and 
the rest is easy and economical. 
 
Think about HVAC. If we want to make a 
building comfortable to inhabit and eco-
nomical to heat and cool, the most powerful 
parts of the solution are formal ones: Put 
the building on a sheltered part of the site, 
orient it properly with respect to sun and 
wind, and get its massing right. Give it the 
right kinds and the right quantity of windows 
in the right places. Use thermal insulation 
and thermal mass intelligently. Plant trees in 
the right locations. The math and science 
become trivial if these formal decisions are 
made well. Get the form right, and the 
rest is easy. 
 
Think about materials and methods of con-
struction, and architectural detailing. Once 
again, getting the form right is important 
above all. Put movement joints where they 
are needed. Use rainscreen configurations 
in the wall and window details. Simplify the 
details to make them easier and more eco-
nomical to build. All these are formal deci-
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sions. Get the form right, and the rest is 
easy. 
 
Daylighting design is mainly about form. 
Window orientations, room proportions, po-
sitions and dimensions of reflecting surfaces 
such as light shelves, reflectances of sur-
faces, distances of visual tasks from win-
dows. Make these formal decisions right, 
and the rest is easy. 
 
And yes, structures is mainly about form. 
Funicular form is the key to the creation of 
efficient, beautiful longspan structures. 
Proper material and system selection, good 
bay layouts, and good proportioning and 
shaping of members are the essence of 
creating building framing of the more ordi-
nary type. Good massing is a vital ingredi-
ent of seismic design with regard to reduc-
ing torsional forces and preventing pound-
ing of one building mass upon another. Lat-
eral force resistance is largely a matter of 
putting shear walls, wind trusses, and rigid 
connections in the right places. Mathemat-
ics? Get the form of a structure right, and 
rule-of-thumb calculations done in the 
designer’s head will be so close to final 
values that the serious math is largely a 
formality.  
 
All the best structural engineers have cau-
tioned against overemphasizing mathemat-
ics in structural design. The great Swiss 
bridge engineer Christian Menn has written: 
 
 “Over the last fifty years engineers have 
paid a great deal of attention to detailed and 
precise mathematical calculations, espe-
cially of stresses. We realize now that rein-
forcement concepts, construction methods, 
and details such as waterproofing, drainage, 
joints, and bearings are even more impor-
tant than ‘accurate’ calculations. But as at-
tention shifts back and forth between calcu-
lations and construction, the one constant 
imperative is the need to give form to struc-
ture.”1 
 

And as my colleague and mentor Waclaw 
Zalewski has said to me, “A structural engi-
neer who is preoccupied with mathematics 
is like a tennis player who watches the 
scoreboard and not the ball.” 
 
If structures is not so much about mathe-
matics, is it science? The great structural 
engineer Ove Arup once wrote,   
 
 “Engineering is not science. Science stud-
ies particular events to find general laws. 
Engineering design makes use of these 
laws to solve particular problems. In this it is 
more closely related to art or craft; as in art, 
its problems are underdefined, there are 
many solutions, good, bad or indifferent. 
This is a creative activity, involving imagina-
tion, intuition and deliberate choice.”2 
 
Think about your own structures course. 
Does it involve Arup’s imagination, intui-
tion, and deliberate choice? What about 
Menn’s reinforcement concepts, con-
struction methods, and details? And did 
you notice Menn’s emphasis on giving 
form to structure? 
  
In the traditional structures sequence that is 
still taught at far too many schools of archi-
tecture, we teach students to check beam 
and column sizes, but we don’t teach them 
how to make a building frame out of those 
beams and columns, how to provide lateral 
load resistance in that frame, how to detail 
the structure, how to integrate structure with 
architecture, how to create opportunities for 
the structure of a building to become a fea-
ture of its architecture.  
In other words, we don’t teach students to 
do the things that the best architects know 
how to do with building structures. We teach 
them instead a nonfunctional subset of the 
mathematics that an engineer uses to check 
member sizes. It makes no sense. 
 
What does make sense in ALL technical 
areas is to teach students to get the form 
right. Creating appropriate form is the 
essence of building technology. But too 
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few of us have figured this out. Driven, per-
haps, by an obsolete definition of technol-
ogy as having to do with math and science, 
we tend to teach what is mathematical 
about our subject, or what is scientific, 
rather than what is essential. 
 
The one area of building technology that 
has bridged the gap is ECS, environmental 
control systems. Decades ago, a few in-
spired individuals, including Jeff Cook, 
Ralph Knowles, and John Reynolds, began 
to change the entire direction of teaching in 
this field. Dull, useless courses that had 
concentrated on sizing pipes and ducts be-
came vibrant, active courses that concen-
trate on the relationship between building 
form, comfort, and energy flows. Students 
found the field fascinating and relevant. 
More and more of them became teachers in 
the field. An ECS teachers’ organization, the 
Society of Building Science Educators, was 
founded to facilitate the sharing of ideas and 
teaching materials. You’ll find throughout 
these teaching materials that the emphasis 
is on getting the form of the building right. 
Get the form right, and the rest is easy.  
 
Curiously absent from our technical curric-
ula is the subject of architectural detailing. 
Detailing is absolutely essential to the archi-
tect. It’s our language, our sole means of 
turning design ideas into built reality. When 
working with a team of professionals on a 
large project, detailing is the one technical 
area, the ONLY technical area, in which the 
architect is expected to be THE expert. But 
only a handful of schools teach architectural 
detailing. We persist in teaching bits and 
pieces of the expertise of other profession-
als such as structural engineers, but we 
don’t teach our own field of expertise, detail-
ing. Go figure. 
 
There are so many ways to go wrong in 
teaching a technical course. 
 
One of those ways I’ve already mentioned: 
It’s teaching what is mathematical about the 
subject, or what is scientific. Most of the im-

portant aspects of every one of our fields 
are neither mathematical nor scientific. They 
are largely formal. They are also concerned 
with things like craft, efficiency of assembly, 
and appearance. 
 
Another way to go wrong is to slide off into 
the history or philosophy of a technical area, 
and neglect the technics themselves. It’s 
nice to know what Heidegger said about 
laying bricks, but not as nice as really un-
derstanding bricklaying and how to use it in 
one’s buildings. 
 
Another way to go wrong is to each only 
what the computer can do. This is wrong so 
many ways that I don’t know where to start, 
so I’ll mention just two: 
 

1. There is no direct correlation be-
tween what people have written 
software to do, and what really 
needs to be taught. 

 
2. To teach use of a computer is more 

often than not to teach in a way that 
obscures the process. 

 
The worst mistake one can make is to teach 
only what students need to know to pass 
the ARE. This strategy is based on the as-
sumption that technology is irrelevant to the 
making of architecture, and that all we need 
do is to learn enough to pass the examina-
tion, after which we can forget about it. This 
is an inexcusable attitude. 
 
As new tools and approaches such as BIM 
(Building Information Modeling) are brought 
to market, it is unwise to be in a hurry to re-
structure our technical courses around 
them. Getting the form right is still priority 
#1. By all means, we should teach BIM, but 
we must not lose sight of the essence of 
building technology as we do so. 
 
To this point, I’ve been largely negative, tell-
ing you what’s wrong with much of our 
teaching. Now I’ll shift to the positive, and 
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give you some ideas about how we can do 
better. 
 
The right way to teach building technology 
students is to teach how to use technology 
to get the forms of their buildings right. 
 
Teach them to do this in the context of de-
sign problems, either big ones they are 
given in studio, or smaller ones that you 
give in your technical class. 
 
This is project-based learning. It has several 
advantages: 
 
Students like to design. They’ll generally put 
more effort and care into an integrated 
technical design project than into an ab-
stract problem set. 
 
Students learn that solving technical prob-
lems as part of a design process can be fun, 
and can contribute to the quality of the ar-
chitecture. 
 
Information and techniques learned in the 
context of solving a design problem stick in 
the mind longer and better, 
 

1. Because the student knows why they 
are important, and 

 
2. They are learned in a meaningful con-

text, not in the abstract. This makes 
them more useful to the student in the 
long run as natural aspects of the stu-
dent’s personal approach to design. 

 
Given the opportunity, students often turn 
out more interesting designs in their techni-
cal classes than they do in their design stu-
dios. They learn in this way that physical 
constraints on form can be liberating. And 
they get good portfolio material as a by-
product.  
Ideally, we would teach all of our technical 
courses in the design studio, because the 
studio is set up to teach the making of good 
form through project-driven learning 

Practically, we can do this only some of the 
time at best. But what we can do is offer 
secondary studios that are designed to 
teach technical content, but carry fewer 
credits than primary studios. 
 
Or we can bring the studio into the class-
room, as Patrick Tripeny has done at Utah, 
with design-relevant teaching and creative 
exercises given as homework. 
 
Some of you are thinking, “Good grief, I 
can’t cover my subject area now. How can I 
possibly add in all this design activity?” 
 
To this I say, why try to cover your field? It’s 
impossible–every field of knowledge is far 
too big to cover in a term. Furthermore, I’ve 
discovered that most of the technology I 
learned beyond the bare principles became 
obsolete within 10-15 years anyway. 
 
What has served me well since graduation 
has been that I learned how to educate my-
self in each field over time. 
 
Don’t try to cover your field. It’s better to 
seek to UNCOVER a portion of the field for 
your students, and teach them how to learn 
the rest for themselves. This should free up 
enough class time to engage some design 
projects. 
 
To bring together the main points of what 
I’ve said, we have excavated a huge gap 
between our technical subjects and the ar-
chitectural design studios. This has led to 
irreparable harm to the cause of good archi-
tecture. We have to fill this gap, and we 
must do it NOW. 
 
We can fill the gap by realizing that the es-
sence of any technical field is getting the 
form right.  
 
This brings us to a crucial realization: 
Getting the form right is also what the 
traditional architectural design studios 
are all about. 
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This means that we can all be speaking 
the same language and sharing similar 
goals. 
 
Suddenly, it’s no longer the techies on 
one side of The Gap talking math and 
science, and the touchy-feely design 
teachers on the other side talking form. 
The whole faculty is now on the same 
solid piece of ground, talking about get-
ting the form right. 
 
This means that we can cooperate with 
the studio teachers and not work at 
cross purposes. 
 
This means that our students can be-
come better designers. 
 
And this means that the quality of our 
buildings can get better and better in the 
years ahead. 
 
All this can happen if we realize that 
building technology is not so much 
about math and science as it is about 
getting the form right. 
 
Once you get the form right, the rest is 
easy.  

Notes 
 
1 Christian Menn, quoted by David P. Billing-
ton in Robert Maillart and the Art of Rein-
forced Concrete. Cambridge, MIT Press, 
1990, p. x. 
 
2 Ove Arup, Ove Arup & Partners, 1946-
1986, London, Academy Editions, 1986, 
p.9. 
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Materials and Construction:  Section Introduction 
Ryan E. Smith 
University of Utah, College of Architecture + Planning 

 
chan-ge verb 

1 to pass from one form, state, or level to 
another  

2 to give up (something) and take some-
thing else in return  

Related Words: better, improve; deteriorate, 
worsen 

Material innovations being developed and 
adopted in the building industry are emerg-
ing at a dizzying pace.  The architecture cul-
tural fetish with materials is likewise un-
precedented with shows like the MoMA‘s 
“Mutant Materials” and books such as 
Transmaterial by Blaine Brownell.1  On the 
construction side, innovations in virtual 
building simulation are allowing for in-
creased collaboration between key stake-
holders in a building project.  This technol-
ogy, known as building information model-
ing or BIM, has proved to be able to create 
unprecedented forms and holds promise for 
performance based design and construc-
tion.    

These technological innovations can 
summed up in one word - CHANGE.  As 
Webster indicates, change can imply either 
an improvement or a worsening effect.  
Change as a result of innovation often is not 
a respecter of values, meaning, or ethics.  
In materials and construction innovation, 
there is a hesitancy to check change 
against ethics; in the name of progress.  In 
a constantly changing building culture the 
academy must provide an ethical base and 
foster a conscience in the architecture pro-
fession. 

Ethos of Technology 

As change continues forward with innova-
tive materials and information modeling 
practices for design and construction the 
role of the architect is in constant flux, one 
that is difficult for practitioners to under-
stand, much less for faculty of architecture.  
As we will never be able to keep up with the 
constant change in innovation of materials 
and construction, educators in the academy 
must determine to provide primarily to stu-
dents a set of core values that work to give 
meaning and purpose to technology in ar-
chitecture.   

The papers in this section deal with varying 
topics related to materials and construction 
technology teaching and research.  The top-
ics include:  technology theory, integrated 
design, pedagogical methods, BIM and 
education,  design/build and fabrication edu-
cation, and enclosures education.  Each 
paper is unique, timely, and considers or 
proposes an area of architectural education 
that is in need of questioning, reworking, or 
sustaining.  The common theme in the pa-
pers, is an underlying importance to instill 
within students values an ethic concerning 
the making of buildings.  This is the ideology 
that as educators we can pass on to stu-
dents so that although architecture will be 
increasingly different and innovative tomor-
row, it can also increasingly have an ethical 
dimension. 

 
1 Brownell, Blaine, Transmaterial: A Catalog of 

Materials that Redefine our Physical World, 
Princeton Architectural Press 2006. 
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Design-Build as Technology Coursework:  

A hands-on approach to discovering where design,  
technology and community service meet. 
Jason Alread, AIA, LEED AP 
Iowa State University 

 
In the spring of 2004 I was presented with a 
request, “Would you teach a class this 
summer on building technologies to the first 
year graduate students?”  The essence of 
this sounds simple enough, aside from the 
outrageously short time frame to prepare.  
The key here was to get the most out of a 
beginning building technology course that 
was offered in a short time frame when no 
one (including myself) wanted to be in a lec-
ture hall.   

  
Our graduate program shifted focus in 2002 
with the appointment of a new director, 
Clare Cardinal Pett, and as a group the 
graduate faculty determined it was appro-
priate to completely overhaul the curriculum. 
The result was a three-pronged “new core” 
curriculum for the first four semesters of our 
three-year program.  Rather than divide 

coursework into separate lectures, this “new 
core” takes advantage of our relatively small 
enrollment to provide integrated classwork 
that is entirely studio and seminar-based.  
While design studio remains a focal element 
of each semester, it is joined by equally 
weighted courses in culture and Sci-Tech.  
Most architectural students note that there 
is a tendency to favor studio coursework 
heavily over other classes, resulting in a last 
minute or nuisance approach to completing 
non-studio assignments.  This is due in part 
to the proportionately larger number of 
credit hours for studio, but also to a frequent 
disconnect felt by students between studio 
work and technology courses.   The shift to 
5 credit hour blocks in Sci-Tech is paralleled 
by both Culture and Studio also being 5 
credit courses.  Thus we emphasize the 
equality of the three areas and work as 
equal partners in the educational process.  
The result is a fifteen credit-hour term di-
vided equally into three lobes, emphasizing 
the interaction between the traditional ‘cor-
ners’ of architectural education—design, 
culture, and technology.  To emphasize this 
integration, all three courses are taught in 
the studio, where for two weeks the stu-
dents construct an operable seminar space 
as their first assignment. fig. 2  No separate 
classes are taught during this time and all 
graduate faculty participate to assist in the 
critique and assembly of this seminar 
‘room’, which provides for group discus-
sions, pin-ups and digital presentations. 
 

 

 

 

 

 

 

 

 

 

Figure 1.  The Tower 
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The results of our initial design build course 
segments are remarkable, varied, and bring 
forward much reflection on how it might 
have been done differently with what the 
students subsequently learn in their first 
year.  Because the projects are rebuilt in-
doors every year by variously skilled labor 
they tend to have a temporary characteristic 
that favors the quality of space more than 
technical skill or craft.  The development of 
the summer course intended to address 
how the assembly of a project was linked to 
its core conceptual intentions, which re-
quired a more permanent use than the 
seminar space.  The first two semesters of 
Sci-Tech address many aspects of assem-
bly in the seminar format with examples, 
field trips, and laboratories, however, there 
is always the struggle to get to integration of 
a complete project.  Extending this thinking 
into the planning of the summer technolo-
gies course, we determined that the class 
should connect the students to as many as-
pects of making a building as possible.  This 
went beyond the normal issues of design / 
documentation / construction and into client 
relations, governmental bureaucracy, and 
community service.  The course planning 

became a search for an ideal situation to 
bring these opportunities together.  This 
was seen as an ideal situation for design-
build, but not as a design studio. 
 
We arrived at a project that I had begun 3 
years earlier for a youth bicycling organiza-
tion in Des Moines, Iowa.  The original pro-
ject had resulted in a bicycle motocross 
track at a public park in an underserved and 
disadvantaged part of the city. fig.3 
 

 
The track is run by the principal of the city’s 
high school for troubled teens, a Miss Kittie 
Weston-Knauer.  Her pedagogy rests on the 
ability to get kids involved in activities that 
they see as worthwhile.  The track has been 
a pet project of hers for years, and at 57 
years of age she is the oldest nationally 
ranked female bicycle motocross racer in 
the country.  Simply put, Kitty is both tough 
and able to accomplish whatever she puts 
her mind to.  Needless to say no one says 
no to Kitty, ever.  She eventually always 
gets what she wants.  In this case she 
wanted a tower, a place to announce the 
progress of races and an icon for the track.  
I was unaware of it at the time, but as soon 
as we approached her about the possibility 
of working with her group on a project we 
were already fully committed to building this 
tower.  This was in April.  Preliminary draw-

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  The first seminar space “the birch hut” 

 

 

 

 

 

 

 

 

 

Figure 3.  Site plan of the track 
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ings had been done previously for the tower 
and the students would be asked to develop 
the project from schematic design through 
construction – the focus of the course would 
be less on the origin and ownership of the 
design and more on refinement, documen-
tation and construction. fig.4 

In order to accomplish the task at hand, a 
coalition of people needed to be assembled.  
A primary concern was that we had no fund-
ing available from the university and none 
forthcoming.  The students were enlisted in 
this challenge well before the class began.  

We convened a design charrette with volun-
teers from the track and arrived at a more 
refined design proposal.  Next we generated 
a parts list and began asking for donations 
to assist the construction.  This proved to be 
rather effective as our cause touched on 
many aspects of the communities concern.  
We were also fortunate to have a local 
structural engineer donate services for the 
completion of the design and requirements 
for a building permit.  Each early phase of 
the project was run by the students com-
pletely outside of the confines of the course 
– it was now late May and class wouldn’t 
start for another month.  We still had a ma-
jor concern, which was how to get structural 
columns for a 30-foot high tower.  These 
would be a huge expense and require 
heavy equipment to set in place.  We would 
be unable to schedule a pre-application 
meeting at the building department until we 
figured out how to hold the project aloft. 
 
Our structural engineer, sensing our anxiety 
about how to proceed, recommended we 
call a friend at the power company who 
might be able to find some utility poles for 
us.  This seemed to be a potential problem 
due to the coal-tar creosote used as a the 
wood preservative, but we were assured 
due to the outdoor nature of the construc-
tion that it would be acceptable.  An addi-
tional inducement was that they would be 
free.  The building code official signed off on 
our permit with this clearly noted and we 
breathed a collective sigh of relief.  Mo-
ments like these were a valuable part of the 
educational process, as certain unknown 
factors in construction always cause ten-
sion, possible changes and relief at positive 
resolution.  The process at this point was 
going quite well.  We had met with the city 
building official, plan and zoning department 
representative, user groups, and the struc-
tural engineer for very typical push and pull 
meetings, with the students deciding which 
compromises to make and which battles to 
take on.  Additional unnecessary drawings 
were made, more meetings occurred, and 
generally the transition from drawing to 
structure was as friction filled, frustrating, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  Preliminary and final drawings 
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and difficult as normal.  This was part of the 
process I can’t imagine having taught any 
other way, no description or case study 
could have illuminated how much other par-
ticipants in the building process affect de-
sign. 
 
By the first day of class we had final con-
struction drawings, structural drawings, a 
building permit, most of our lumber, fasten-
ers, all the concrete we wanted, nine anx-
ious students, one concerned faculty, four 
large foundation holes, and four 40-foot long 
thousand pound utility poles.  We arranged 
with the parent of a rider to bring a line ser-
vicing truck to the site after work to set the 
poles.  The assembly of the entire tower 
was somewhat crude, only basic tools were 
used and we relied on some intuitive skills 
for connections.  Two unintended lessons 
came to light as we proceeded.  The first 
was that even though faculty may have 
spent significant time in construction ad-
ministration and even fieldwork, architects 
are not necessarily good contractors.  My 
own limited skills became apparent quickly, 
and it was some effort to turn these deba-
cles of scheduling or poor planning into use-
ful instruction.  One particularly difficult case 
was placing foundations for a stair landing.  
We used an 18” diameter hand-held auger 
to dig foundation holes and it was very time 
consuming work.  After digging and placing 
columns it was determined that the holes 
were in the wrong location.  Losing this day 
of work was part of the process of checking 
and double checking layout, but it took 
some convincing to simply fill-in the holes 
and start over.  The inclination by the archi-
tecture students was to change the design 
to accommodate the work done.  This im-
pulse is common in construction, but after a 
discussion of whether we would have al-
lowed it if someone else was doing the work 
we decided to stay with the original design. 
 
The other lesson learned was that structural 
consultants are much easier to negotiate 
with when they’re being paid.  Our founda-
tion drawings indicated four 48” square 

foundations, four feet deep each with exten-
sive rebar patterns. fig.5 
 

 
This looked excessive on the drawings, but 
was unbelievably difficult to execute in the 
field with our 18” hand-held auger into hard 
clay.  The engineer, however, was taking 
the liability for stamping the drawings on his 
own free time and under his insurance pre-
mium.  He understandably declined to re-
consider the design and we managed to 
construct it as drawn.  Part of the teaching 
process required looking for ways to illumi-
nate the give and take parts of the proce-
dure as it happened.  This is something like 
teaching design studio, where there is little 
scripted response, but more extreme as 
very serious problems could potentially de-
rail the course entirely.  This, of course, is 
what nearly happened next. 
 
The day after the utility poles went in we 
tied the rebar and called for the foundation 
inspection. fig.6   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.  Structural drawings 
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The inspector arrived to tell us that utility 
poles were not allowed in building construc-
tion due to the restriction in using creosote 
wood treatment (typical of indoor construc-
tion).  He recommended we switch to a dif-
ferent type of structure.  Keep in mind that 
four 40-foot long poles are now erected and 
braced with all rebar in place.  We indicated 
that the plan review had not thought this 
was a problem, but he replied that it was his 
call not theirs.  While friction in the process 
was a necessary part of the pedagogical 
intent of the course, this was a bit extreme. 
A combination of the obvious difficulty this 
caused, some educationally valuable mo-
ments of applied field negotiation skills, 
woeful looks by the students and kids at the 
track, plus our engineer’s assurances that 
this was overkill pushed us past the inspec-
tion.  At this point we were able to concen-
trate on the process of craft in building the 
tower. fig.7 
 

The community came out daily to assist in 
construction and the interaction was im-
mensely gratifying.  I was aware that we 
would not completely finish by the end of 
the course, and waited to see how the stu-
dents would respond when the project was 
no longer about a grade and became truly 
community service.  Everyone showed-up 
the day after class in full work gear with no 
questions asked.  We finished our work in 
the first week of August. fig.8 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.  The basic structure 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  The assembly process 
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The tower has generated a much stronger 
bond between the students and the com-
munity, with both parties gaining a better 
appreciation for what they are capable of.  
Learning in relation to the technical goals of 

the class has been very effective and much 
more thorough than lecturing.  Design-build 
appears to be better suited to teaching 
technology in relationship to design than it is 
as design studio.  This comes from design 
authorship at the conceptual level being re-
moved from the process, no egos are dam-
aged or stoked at who’s project it is.  There 
has been no dissatisfaction at working as a 
team to solve common problems and devel-
opmental stages of the process are seen as 
design opportunities.  Also, the hands-on 
collaborative process as a service project 
offers a much more comprehensive learning 
experience.  There were, however, issues 
that make the class difficult to sustain.  
Finding an appropriate project with the cor-
rect time frame is extremely time consuming 
and unpredictable.  A slight slip in the 
schedule can make the project unworkable.  
Budgetary concerns are also problematic, 
however, after the first success and associ-
ated press we have been able to more ef-
fectively lobby the university for funding.  
Overall, the trade off between the difficulties 
of preparing lectures versus managing a 
construction project might favor the predict-
ability (and relative ease) of class time.  The 
construction projects are immensely more 
challenging to teach and require excessive 
commitments of time for both faculty and 
students; however, the benefits of this 
model cannot be ignored.  The advantages 
of hands-on learning have left a durable im-
pact on subsequent work of the students, 
with detailing, assembly, and materiality in-
terwoven into the conceptual underpinnings 
of most of the later studio projects, along 
with a deepened concern for the value of 
benefiting the community.  This has ulti-
mately met the broad learning goals of our 
integrated graduate program and we plan to 
offer this model of a summer community 
service design/build for the foreseeable fu-
ture. 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.  The finished project 
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xyz: Horizontal, Vertical and Progressive Integration 
in the Practice Curriculum 
Robert Arens and James Doerfler 
California Polytechnic State University at San Luis Obispo 

 
Unless an architect is able to listen to peo-
ple and understand them, he may simply 
become someone who creates architecture 
for his own fame and self-glorification, in-
stead of doing the real work he has to do… 
An architect must be a craftsman. Of course 
any tools will do. These days the tools might 
include a computer, an experimental model, 
and mathematics. However it is still crafts-
manship – the work of someone who does 
not separate the work of the mind from the 
work of the hand. It involves a circular proc-
ess that draws you from an idea to a draw-
ing, from a drawing to an experiment, from 
an experiment to a construction, and from 
construction back to an idea again. For me 
this cycle is fundamental to creative work. 
Unfortunately, many have come to accept 
each of these steps as independent…(1) 
 
Renzo Piano 
 
Introduction 

One of the toughest challenges facing edu-
cators of building technology is its success-
ful integration into a broader architecture 
curriculum. How can discussions of building 
technology be concentrated enough to allow 
for the necessary focus on critical technical 
issues, while avoiding technology’s isolation 
from other architectural issues? This pres-
entation addresses how two faculty mem-
bers at Cal Poly are attempting to answer 
this question with four new courses that are 
integrated horizontally, vertically and pro-
gressively within the curriculum.  
 
Central to our our efforts is a shared interest 
in the merging of design and making. In the 

best work there is no separation between 
design and construction; rather they inform 
each other. The process of making buildings 
is an interactive continuum among several 
disciplinary strands on which every architec-
tural curriculum is based. To define them 
separately denies a holistic approach to the 
creation of a building, whether in academia 
or the real world. It is our interest and goal 
to contribute to an inter-strand or interdisci-
plinary environment in which the students 
may glean information to inform their proc-
ess, a comprehensive approach.  This ap-
proach opens the content of a building 
technology curriculum to embrace the multi-
faceted nature of the architectural profes-
sion. While our concentration for our 
classes is building technology, we also em-
brace and present issues that overlap with 
the Design studio, History and Theory and 
Professional Practice areas. 
 
Observations 

We arrived at Cal Poly at the same time 
with the same mission: to rethink the build-
ing technology courses (traditionally re-
ferred to at Cal Poly as Practice) with an 
eye toward better integration of technology 
topics in design studio work. At Cal Poly, 
Practice classes address a spectrum of 
technology topics. These topics include sus-
tainability, building technology, materiality, 
the history and theory of technology and 
building processes. With fresh eyes we ex-
amined the entire curriculum and consid-
ered the various approaches to its imple-
mentation. Based on our analysis we made 
several key observations: 
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1. In terms of Design, the studios, even in 
fundamental years, are not highly coordi-
nated. Objectives are achieved through 
highly individualized projects crafted by in-
structors with a wide-range of interests and 
backgrounds. 
 
2. General design principles are taught well 
into second year with building design ad-
dressed relatively late in the curriculum, 
usually at the end of second year.  
 
3. In terms of History, survey courses are 
taught in third year although design and 
technical discussions of historical prece-
dents take place regularly in second year.  

 
4. In terms of Practice, the present curricu-
lar model devotes considerable time to 
courses addressing technical issues. Al-
though we recognize that this polytechnic 
model unfortunately biases technology over 
the humanities, it nevertheless provides 
ample time to focus on distinct technical 
topics on structures, environmental systems 
and construction. 
 
5. The current format of Practice courses, 
i.e. two one-hour lectures and two two-hour 
labs per week, had great potential not only 
as an effective way to communicate techni-
cal topics, but also to integrate these topics 
into design studio. The existing

 

 

Figure 1.  Overview of the major strands of Cal Poly’s curriculum.  
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content of the courses and coordination be-
tween the lectures, the labs and the design 
studios did not take full advantage of this 
situation. 
 
Recommendations 

Based on our observations we made sev-
eral recommendations to the department’s 
faculty regarding the sequencing of courses 
and their content.  
 
1. In terms of Design, introduce basic build-
ing design issues in the first rather than third 
quarter of second year to allow for a more 
integrated relationship between practice and 
design.  
 
2. In terms of History, move the three-
course survey sequence to second year to 
allow for greater reinforcement of design, 

social and technical aspects of historical 
precedents. 
 
3. In terms of Practice lectures, re-format 
the sequence to avoid isolation of topics 
and develop the material from general to 
specific across courses and between years 
of the curriculum. To be effective, topics 
need to be carefully sequenced and rein-
forced over the two-year period that they’re 
taught. We recommend building in an ap-
propriate level of overlap and reinforcement 
to develop a deeper understanding of tech-
nology topics by students. 
 
4. In terms of Practice labs, develop appro-
priate but flexible frameworks for integration 
of technology into Design studios. Given the 
individualistic approach to Design studio at 
Cal Poly, we recommend that instructors be 
provided clear learning objectives that can 
be achieved through a wide range of ap-

 

Figure 2.  Horizontal and vertical integration of Practice themes. 
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proaches rather than highly coordinated 
projects. 
 
The Practice Strategy 

Practice courses at Cal Poly could previ-
ously be characterized as being segmented 
into basic materials and methods of con-
struction in the quarter one, a focused dis-
cussion of Type V construction and working 
drawings in the quarter two, focused dis-
cussion of construction types, site planning 
and codes in quarter three, and focused 
discussion of construction systems and 
specifications in quarter four. This type of 
segmentation encouraged a disconnection 
between Practice and Design due to the 
difficulty with crafting studio projects to ad-
dress narrowly focused technology topics.  
 
Given the opportunity to rethink the Practice 
courses, we concluded that the themes of 
materials, methods, documentation, codes, 
specifications and site planning were sound, 
but the sequence in which they are intro-
duced and discussed could be refined. With 
an eye towards the integration of Practice 
with Design we re-sequenced the six 
themes to align them with learning objec-
tives and NAAB criteria for second and third 
year studios. We also attempted to intro-
duce multiple themes in each course, allow-
ing introductory or general aspects to be 
addressed early in the sequence and more 
advance or specific aspects in later courses. 
This dual strategy of alignment and multi-
plicity, we reasoned, would not only parallel 
the increasing complexity that occurs in the 
design studio sequence, but also allow an 
appropriate level of reiteration and rein-
forcement of Practice issues. 
 
Once the six Practice themes were aligned 
to the approximate content of the Design 
studio, the content for the Practice lectures 
and labs could be developed. The increas-
ing complexity of Design studio projects 
through second and third year made for a 
natural fit for the primary content. In the 
progression of complexity, second year De-
sign studio begins with single cell frame 

construction and by third year the Design 
studio projects progress to multi-storey con-
struction systems. Given our previous ex-
perience in teaching building technology 
and Design studios we essentially needed 
to make an educated guess, based on the 
ten-week quarter and schedule of the De-
sign studio, the appropriate content for each 
of the Practice classes and devise an initial 
strategy to get the Design studio faculty to 
embrace a coordinated approach to the 
labs. 
 
At the same time we began to discuss the 
opportunity we had to create a woven cur-
riculum with the four Practice classes and 
labs. We had an interest in refining the se-
quential content of the courses so not only 
did they horizontally relate to the design 
studios within a given quarter, and they also 
vertically related to each other from one 
year to the next. The six themes provided a 
starting point from which to compare our 
approaches to the lecture content, aside 
from of the details of the content. This made 
for a very broad, multi-strand examination of 
certain aspects of building technology. By 
opening the structure of the Practice 
courses to a thematic strategy we have the 
opportunity to present the facts and details  
of “how” something is put together as is 
typical of building technology, and we can 
also discuss the “why” of the architectural 
decision making process.  
 
Second Year Practice: ARCH 241 
and ARCH 242 

Second year is an exciting time to work with 
students. They are urgently ready to make 
architecture while at the same time com-
pletely naïve about doing so. By teaching 
building science at this level, each of us is 
responsible for introducing young, impres-
sionable students to architectural technol-
ogy. It is therefore imperative to establish a 
holistic method for approaching technology 
that prevents it from being isolated from 
design and other salient issues. 
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At this stage of their development students 
need help translating quantitative aspects of 
their math and physics prerequisites into 
architectural issues, but is equally important 
to communicate these issues in qualitative 
terms. 
 
The strategy for second-year Practice con-
tent is to rigorously approach materials and 
technical documentation, briefly introduce 
building codes and specifications, and build 
a strong, if basic understanding of construc-
tion types. Knowledge and proficiency in 
these areas will transfer to design studio 
through lab projects and will prepare stu-
dents for third-year practice. 
 
The first course, ARCH 241, focuses on the 
origins, composition, properties and produc-
tion of materials but underpins it with dis-

cussions of documentation and principles of 
construction. These three themes and their 
sequence serve to reinforce NAAB criteria 
being addressed in design studio, namely 
graphic skills, fundamental design skills, 
and materials and assemblies. All three 
themes carry forward into the second quar-
ter and are developed further in subsequent 
courses. 
 
Lab projects in the first quarter are outlines 
intended to reinforce both practice and de-
sign issues and allow flexibility on the part 
of individual lab instructors. The emphasis is 
placed on processes of making that can be 
integrated into design projects or expanded 
as stand alone projects conducted in Prac-
tice Lab. The projects are Drawing and Re-
membering, Modeling and Recording, Cut-

 

Figure 2.  Progressive integation of Design and Practice themes in second-year courses. 
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ting, Finishing and Fitting, and Sculpting, 
Forming and Casting. 
 
ARCH 242 focuses on methods of construc-
tion while continuing discussions of docu-
mentation and materials begun in ARCH 
241. Additionally, building codes and speci-
fications are introduced in order to prepare 
students for discussions of construction sys-
tems and types. This sequence is designed 
to reinforce to NAAB criteria being ad-
dressed in design studio, namely graphic 
skills, materials and assemblies, technical 
documentation, and comprehensive design. 
All four themes carry forward and are de-
veloped further in ARCH 341. 
 
The lab project for the second quarter is 
outlined as a set of design development 
drawings of a residential-scaled project. As 
in ARCH 241 the project descriptions are 
written to allow flexibility on the part of indi-
vidual lab instructors. If an existing building 
is used for the main project, it is recom-
mended that a short, graphic design analy-
sis precede the drawing set. 
 
ARCH 241 

Although the major focus of ARCH 241 is on 
materials, the course begins with discus-
sions of documentation and methods. 
These two themes provide both a context 
and a vocabulary or language with which to 
consider materials. 
 
Discussions on documentation begin with 
an overview of the stages of architectural 
projects and the wide-ranging structure of 
design teams, intended to establish the ne-
cessity for a clear, commonly held, graphic 
language of construction. Schematic draw-
ings eventually become the focus of fall 
quarter since they are most relevant to the 
level of complexity in second-year Design 
projects.  
 
The lab project associated with documenta-
tion, Drawing and Remembering, can be 
expanded into a stand-alone exercise by lab 
instructors or integrated into a studio pro-

ject. An example of the stand alone ap-
proach asks students to generate a small, 
but coordinated set of schematic drawings 
of their childhood home consisting of site 
plan, floor plan, roof plan, sections and ele-
vations. Students are challenged to give 
dimensions and apply drawing conventions 
to a building they haven’t designed, but 
nevertheless hold dearly in the recesses of 
their mind’s eye. 
 
Another precursor to materials is the dis-
cussion of the principles of construction. 
Issues such as strength and deformation, 
stability and movement, thermal transfer 
and insulation, water and moisture migration 
and,sustainability, are discussed in detail as 
technical factors that must be considered in 
the material selection process.  
 
The lab project associated with the princi-
ples of construction, Modeling and Re-
cording, can be expanded into a stand-
alone project or related to a studio project. 
An example of the stand alone approach 
asks students to study the solar characteris-
tics of their childhood home in its exact loca-
tion. Students obtain the solar altitudes and 
azimuths then graphically translate this data 
into shade and shadow for morning and 
afternoon on the solstices. Shade and 
shadow are plotted in plan and elevation, 
then recorded in pen and ink. 
 
The material taxonomies addressed in 
ARCH 241 are wood, stone, fired clay mate-
rials, cementitious materials, concrete and 
metals. Guiding the discussion of each are 
the composition, origins, properties and 
production of each material. Examples from 
ancient to contemporary periods are used to 
illustrate the evolution in production and 
construction methods applied to each mate-
rial in response to changes in technology, 
sustainability economics and aesthetics. 
 
Two lab projects are outlined to explore ma-
terials. The first, Cutting, Finishing and Fit-
ting requires students to work directly with 
wood by building a functional object in full-
scale. The emphasis is on the basics of 
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woodworking: cutting, sanding, finishing and 
fitting the wood components by hand so as 
to develop a deeper personal understanding 
of the material before moving onto more 
sophisticated manipulations. One approach 
to this project is based on the furniture de-
signs of Gerrit Rietveld the De Stijl architect. 
Students are asked to research Rietveld’s 
Krat Series in which proposed simple, inex-
pensive furniture for the mass market that 
could be assembled at home by the aver-
age person. Students choose one of the 
Krat designs and reproduce it as accurately 
as possible; the only variation allowed being 
the stain used for the selected work. Al-
though the designs are simple, the objec-
tives are profound: building well with one’s 
hands at full-scale to actualize something 
that can be tested, and enjoyed, by the 
user. 
 
The second lab project, Sculpting, Forming 
and Casting, asks students to explore the 
variety of cementitious materials suitable for 
moving an object from a positive state to a 
negative state and back again. One ap-
proach to this project is based on the imagi-
nary landscapes of Isamu Noguchi, designs 
he envisioned, studied in wax models and 
eventually cast in bronze. Students re-
searched Noguchi and his work, chose one 
of the landscapes, modeled it in plasticine 
clay, cast a plaster mold of the maquette, 
then cast a final model in plaster. In this and 
the Rietveld project students learned valu-
able lessons in making and materiality that 
can be indirectly bridged to their Design 
studios. In the the process they also gained 
exposure to two eminent twentieth century 
designers whose work will appear again in 
their history courses. 
 
ARCH 242 

ARCH 242 focuses on basic construction 
methods while expanding the discussion of 
documentation, continuing the examination 
of materials, and introducing students to 
building codes and specifications. 
 

Building on discussions of schematic draw-
ings in the preceding course, ARCH 242 
focuses on design development drawings. 
Although working drawings and specifica-
tions are briefly discussed for context, the 
emphasis in this course, is on those draw-
ings situated between design phase and 
working drawings phase. A thorough under-
standing of this type of  drawing, developed 
in lecture and reinforced in lab, will prepare 
students to communicate their design and 
technical intentions in subsequent studios. 
 
The discussion of materials in the second 
quarter focuses on the taxonomies of glass, 
plastics, composites and coatings. As with 
earlier discussions, the emphasis is on the 
composition, origins, properties and produc-
tion of each material with examples being 
drawn mainly from the contemporary period. 
When this discussion concludes, students 
are expected to have a basic understanding 
of a broad palette of architectural materials 
as well as an awareness of the fast pace at 
which new materials are entering the field in 
both conventional and novel ways. The CSI 
format is introduced as a way to classify the 
wide, ever expanding range of materials 
and their performance characteristics. 
 
As another precursor to methods, codes are 
introduced and discussed. The history of 
codes, types of codes, governing bodies, 
the trend towards performance codes, and 
approaches to basic code analysis are 
briefly discussed.  
 
When methods begin to be discussed in the 
middle of the course, students are required 
to shift from dissecting materials (necessary 
for a thorough understanding) to construct-
ing components of those same materials 
(now possible with the knowledge of con-
stituent parts). The components are dis-
cussed as construction types which in turn 
can become the tectonic vocabulary used 
for design projects.  
 
The discussion of construction types is 
grounded with basic tectonic relationships: 
between form and enclosure, between en-
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closure and structure, between bearing wall 
and frame construction, and between mono-
lithic and composite construction. Specific 
topics are foundation types in wood, ma-
sonry and concrete; bearing wall types in 
wood, masonry and concrete; frame con-
struction types in wood, concrete and steel; 
bracing strategies for frames; and the roles 
of cladding for roofs, floors and walls are 
discussed. 
 
The major lab project for the second quarter 
is to generate a set of design development 
drawings for a modest-size, residential 
scale building that may or may not be an 
original design of the student. The emphasis 
of this project is on communicating and co-
ordinating architectural (i.e. aesthetic and 
technical) intentions at a minimum of four 
scales ranging from the scale of the site to 
the scale of a detail. The drawing set should 
include site plan, floor plans, roof plan, sec-
tions, elevations, wall sections and details. If 
the project is based on an existing building, 
it is recommended that a short design 
analysis precede the design documentation 
stage.  
 
One approach to this project is based on 
The New American House series which 
presents over 100 residential designs from 
the years 1985-2002. The authors present 
sufficient information for students to ex-
trapolate the architect’s design and techni-
cal intentions. Students choose one of the 
houses and analyze the technical means by 
which design intentions were achieved. 
They then create an abridged but well-
coordinated set of drawings that employ the 
appropriate graphic and organizational con-
ventions for the design development stage. 
The analysis and drawings together serve 
as a fitting example of comprehensive de-
sign, one of the key NAAB criteria in their 
design studios. 
 

Third Year Practice: ARCH 341 and 
ARCH 342 

The increase in number and complexity of 
the NAAB criteria from second year to third 
year  suggests that the nature of the lab 
projects must also become more complex 
and comprehensive. Two longer projects, 
one based upon independent research, the 
other directly related to the Design project 
reflect this need for a comprehensive ap-
proach. 
 
The first third year class,  ARCH 341, in-
cludes lectures which ask the students to be 
able to have insight into the motivations and 
theories of individual architects and devel-
opment of building systems, and to discuss 
the relationship of construction and architec-
tural theory in the 20th Century in a holistic 
way. The critical readings introduce a stu-
dent to a broader range of concepts regard-
ing architectural theory in regards to con-
struction, systems and the architects moti-
vation for deciding on a given material or 
construction method. The readings often 
stray from the topics of the lectures, but re-
late to an overall view of construction theory 
and methodology. The readings also pro-
vide a critical voice to compare to the intent 
of the project or where the project might be 
located in a continuum. 
 
Sustainability is inherent to a contemporary 
design strategy. As such, it should not be an 
area of separate study. The inclusion of  
sustainability in the third year Practice 
course curriculum is part of the presentation 
of all material. Brief considerations of sus-
tainable issues are included in the historical 
discussion projects as early as the Crystal 
Palace, in which the manufacturer leased 
the materials for the building with the inten-
tion to reuse the iron. The nature of prefab-
rication and systems being sustainable ap-
proaches to produce buildings is also dis-
cussed. The second class in third year in-
troduces sustainable topics such as green 
specifications, LEED certification, double 
skin facades, green roofs and a ways of 
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harnessing solar energy with integral sys-
tems.  

ARCH 341 focuses on the themes of meth-
ods and materials using the history of con-
struction, material and systems, and includ-
eds a module on site planning. Included in 
this class is overview of codes, with an em-
phasis on zoning issues relating to site 
planning. The lab projects elaborate on the 
themes of documentation and specification 
and reinforce and tie together many of the 
NAAB criteria. 
 
ARCH 342 focuses on the themes of mate-
rials and methods with detailed presenta-

tions on the use of various materials in 
building envelopes. This is supported by 
with modules on specifications and codes, 
which address the necessity of research 
and performance in building envelopes. The 
lab projects engage the students in inde-
pendent research as well as applying 
knowledge gained in the lectures and re-
search to their Design projects. These lab 
projects are aimed particularly to fulfill the 
comprehensive NAAB criteria. 
 
ARCH 341 

The content of the lectures in the first quar-
ter of third-year follows two streams. A his-

 

Figure 2.   Progressive integation of Design and Practice themes in third-year courses. 
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torical and theoretical stream presents the 
development of systems and prefabricated 
components, changes in building materials 
in the modern era, and the development of 
project teams to create buildings. Essen-
tially this is a history of building technology 
beginning in the 1840’s during the Industrial 
Revolution and concluding with digital mod-
eling and manufacturing processes as seen 
currently with the work of Frank Gehry. The 
analysis of systems and components in lar-
ger scale buildings also connects to the 
same concept presented in ARCH 242, for 
smaller scale buildings.  
 
The other stream is the presentation of vari-
ous building technology topics beginning 
with site planning, foundations, zoning and 
development controls, and later, after the 
history theory sequence of lectures winds 
down, looking at contemporary systems of 
buildings using various materials, steel, 
concrete etc. The concept which all of these 
lectures revolves around is “why?” The 
methodology of “why” an architect would 
choose to use the system is described in 
historical terms and then in contemporary 
technology terms. The student gains an un-
derstanding of the role played by the devel-
opment of contemporary building materials 
and how these new materials influenced the 
development of 20th Century architectural 
theory. 
 
The building typology for the third year 
classes is commercial or public buildings, 
typically three stories or higher. The com-
plexity of construction for this scale of build-
ings lends itself to discussions of systems 
and prefabrication. The overall themes for 
ARCH 341 are precedent and analysis. In 
both the history and the technology streams 
the lectures present in-depth discussions of 
projects and buildings. A series of case 
studies are used to illustrate the design 
process, technical development, the use of 
new materials and construction process. 
This introduces students to the design and 
construction of complex buildings and to 
materiality through detailed precedent and 
analysis studies. 

 
Another goal of this class is to introduce the 
student to current developments in architec-
tural design and the construction industry, 
particularly in regards to technology transfer 
and digital tools in relation to fabrication and 
construction of building elements. This is 
germane to a contemporary discussion of 
prefabricated building components and sys-
tems. Again, precedent and analysis is used 
to study the changing nature of materials 
and construction in a contemporary setting. 
 
The lab projects for ARCH 341 include short 
exercises to reinforce site design issues, 
zoning issues and structural patterning. The 
major lab project is a multi-week building 
analysis project. The building analysis pro-
ject is an in depth examination of real build-
ings. The examination is by means of dis-
section, and inspection of systems, identify-
ing each system as an assembly, locating 
the primary components of each system, 
and understanding the role that each sys-
tem plays in the whole. The intention is to 
place buildings in comparison to each other 
and into the larger context of issues relating 
to current buildings as they relate to the real 
world. The lab instructors develop the pro-
jects during the quarter with consultation. 
They will be presented to the lab in the form 
of three-dimensional drawings and/or mod-
els, which explain the systems separately 
and in relation to each other. The sources of 
information used to develop these compari-
sons are professional journals, the construc-
tion documents, visits to actual buildings 
and interviews with people involved in the 
design or maintenance of the chosen ex-
amples. The  intention to develop in stu-
dents the tools to critically evaluate, analyze 
and question the built environment that sur-
rounds them. 
 
ARCH 342 

The second third year Practice class, ARCH 
342, explores the materiality of the building 
envelope and associated structural systems 
and how it relates to performance and 
buildability. The increase in understanding 
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of architectural issues required by the stu-
dent to choose materials appropriate for a 
design, provide details and performance 
information is linked to a design develop-
ment process. The focus in this class is pri-
marily on the building envelope. The content 
of the lectures includes information on build-
ing envelope performance, material per-
formance, detailing, universal access and 
egress, and stair and people moving sys-
tems. Guest lecturers are also brought in for 
various presentations including; the Archi-
tecture Librarian to discuss research skills, 
an accredited LEED architect, a sales rep-
resentative from Vistawall discussing curtain 
wall systems, and a consultant for Building 
Information Modeling. 
 
The overall themes for ARCH 342 are the 
issues of research and performance. This is 
reinforced across almost all topics that are 
covered in lecture. Research is stressed as 
something that architects are required to do. 
And how important research of codes, ma-
terials, specifications and details is to de-
velop a building. Linked with research is 
understanding the performance of these 
elements. Performance applies to how ma-
terials behave as well as the achievement of 
the life safety systems of a building. This will 
be reinforced through the students re-
searching and developing their own clad-
ding system relating to their projects in de-
sign studio. 
 
The lab projects for ARCH 342 are intended 
to guide the student to develop research 
and detailing skills that will inform them in 
the design development process. The first 
project is structured to integrate research 
methods, developing specifications and per-
formance issues of materials. The second 
project directly integrates with the design 
studio and requires both a general under-
standing of the performance of the project 
relating to codes, structure and egress, as 
well as a detailed understanding of the 
cladding system used to enclose the pro-
ject. The student will design, coordinate and 
document the decision making process of 
design, details, specifications and perform-

ance of these systems in three dimensions. 
These projects will be coordinated with the 
design studio to provide an enriched learn-
ing experience across the discipline strands 
in the architecture program. 
 
The goal of ARCH 342 is to help students 
become active and thoughtful researchers 
capable of managing independent investiga-
tive study. 
 
Challenges 

After completing the first year of this Prac-
tice curriculum we would like to pause and 
critically reflect upon the challenges that still 
exist in developing this coursework. While 
there are successes, further improvements 
can be made in both the lectures and the 
labs. The following is a summary of these 
thoughts: 
 
1. The inherited Practice class structure of 
lecture and lab, i.e. two one-hour lectures 
and two two-hour labs per week,Is a posi-
tive aspect of the curriculum, which we 
would like to use to the best possible advan-
tage. This structure allows for the coordina-
tion of the lab to the Design studio. 
 
2. One of the most difficult coordination is-
sues is the coordination of Practice lectures 
relating to Design. The nature of having 
eight to ten different studios and projects 
coordinated with the Practice lectures is 
almost insoluble.   
 
3. We would also strengthen the integration 
with the Environmental Control Systems 
(ECS) classes. Some aspects of ECS are 
reinforced in the third year Practice classes, 
but currently these aspects are coincidental 
to the discussions of material performance.  
 
4. The theme of site planning is the only 
theme that is also a topic. It is the exception 
to the thematic strategy. The importance of 
site planning as a topic, and the reinforcing 
of connections of the environmental topics 
covered in second year ECS is something 
that must be developed. 
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5. The coordination of projects for Practice 
labs will need more refinement. In place is a 
series of flexible projects intended to allow 
interpretation by Practice and Design fac-
ulty, although there is lingering reluctance to 
adopt them. The creation of longer projects 
which require research and single-session 
applied exercises might be more adaptable. 
Another possibility is to only define learning 
outcomes and allow instructors devise their 
own strategies for achieving them. 
 
7. It is necessary to continue the develop-
ment of reference materials, technology 
texts, critical readings and contemporary 
journal articles that are applicable to the 
lecture content. 
 
Conclusion 

Our overall strategy incorporating six Prac-
tice themes woven across four redesigned 
courses offers a framework on which to fur-
ther develop the Practice sequence at Cal 
Poly. These themes are inclusive so as to 
remain relevant in light of new or refined 
content in each of our respective courses, 
and we already see ways they can provide 
potential linkages to other courses. Our 
hope is that this horizontal, vertical and pro-
gressive strategy for integrating Practice is 
more than an approach to curricular design, 
but also a pedagogical platform that dem-
onstrates to our colleagues and students 
the possibility and the advantage of integrat-
ing design, history and technology in a ho-
listic approach to architecture.  
 
Notes: 

1 Renzo Piano, “Renzo Piano Building 
Workshop 1964/1991: In Search of Bal-
ance,“ Process Architecture (Tokyo), no.700 
(1992), pp. 12. 
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Updating the Miesian Curriculum 
Thomas E. Brock 
Illinois Institute of Technology 

 
Introduction 

The College of Architecture at the Illinois 
Institute of Technology (IIT) has always 
maintained a curriculum dedicated to the 
idea that providing a depth of knowledge 
about building technology was key to 
educating an architect. Mies Van der Rohe's 
original curriculum for the college clearly 
showed this emphasis. This remained true 
even when the prevailing discourse within 
academia had veered away from such ideas 
to favor the predominance of other kinds of 
knowledge such as history or theory. But 
the times do change, as does building 
technology, and the College of Architecture 
has, in the last decade, sought to amend its 
curriculum to take these factors into account 
while maintaining Mies' legacy and the 
historical identity of the school.  
 
When I was given the directorship of the 
Third Year Program (TYP), four years ago, 
this process was already underway. Since 
that time we have sought to clarify our goals 
and continually improve the program. 
Because of its location at the midpoint of the 
five year sequence of undergraduate 
education at IIT, the TYP is a good case-
study for the program as a whole. In the 
pages that follow, I will attempt to situate the 
TYP within the overall curriculum and 
provide a clear picture of the five-year 
educational sequence. I will outline the 
historical curriculum as originally conceived 
by Ludwig Mies van der Rohe, Walter 
Peterhans and Ludwig Hilberseimer in 1940 
and will elaborate on how the program has 
sought to preserve and enhance its legacy 
of emphasizing the understanding of 
materials, manufacturing, building 
techniques and construction practices within 

the studio while responding to the 
challenges of educating today’s students 
with today’s knowledge and today’s 
technology. 
 
The Curriculum Under Mies 
 
Prior to Mies’ arrival, IIT’s architecture 
program had been a well-established school 
based on the Ecole des Beaux-Arts model. 
When he was hired by IIT in 1938, it was 
with the understanding that the University 
would accept an entirely new curriculum of 
Mies’ design. The new curriculum borrowed 
heavily on the structure and content of the 
German Bauhaus program of education for 
architects (see fig. 1). Mies had directed the 
Bauhaus from 1930 to 1933 and placed a 
particular emphasis on the sequential 
building up of knowledge and understanding 
through preliminary courses and workshops 
before any building design was to be 
attempted.  

 

Figure 1.  Diagram of the Bauhaus Curriculum 
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The building design studios, conducted only 
in the final semesters of the program, were 
seen as the culmination of this carefully 
controlled sequence. In his 1938 inaugural 
address, Mies issues his definitive 
statement: 
 
“Education must lead us from the 
irresponsible opinion to true responsible 
judgment. It must lead us from chance and 
arbitrariness to rational clarity and 
intellectual order. Therefore let us guide our 
students over the road of discipline from 
materials, through function, to creative 
work”. 1 
 
With the help of two of his Bauhaus 
colleagues, Walter Peterhans and Ludwig 
Hilberseimer, also hired by IIT, Mies would 
refine the ideas and structure of this new 
curriculum and present the final form in 
1941. (See figure 2).  This final version 
expresses Mies’ idea of a cumulative and 
culminating experience most clearly. It is 
organized as a series of seven overlapping 
sequences2, conducted in the first four 
years of the program. The knowledge 
attained in that period is then applied in the 
architectural design studios in the final two 
years. According to Mies, “The curriculum 
leads naturally from the study of the means 
with which one builds and the purposes for  
which one builds into the sphere of 
architecture as an art.” 3   

The Response to Change 
 
The undergraduate curriculum as devised 
by Mies, remained essentially unchanged 
for 40 years, even after Mies retired from 
teaching in 1958. This was due in large part 
to the fact the most of the teaching faculty 
were either Mies’ protégés or were 
educated at IIT, consequently there was 
little or no criticism from within and little or 
no interest among the teaching faculty to 
take part in the professional and academic 
discourse roiling outside Crown Hall. It 
wasn’t until 1989, under the direction of 
Gene Summers, who collaborated on Mies’ 
late projects, that the curriculum would be 
reconsidered. The reasons for this audit 
were many, but generally it was felt by 
Summers and his predecessor James Ingo 
Freed, that IIT had, in fact, grown out of 
touch with the times. The basic problem 
being that Mies’ curriculum had attained a 
canonical status within the ranks of his 
followers and, over time, had degenerated 
into rote-learning of canonical forms, spatial 
and structural types, and details of 
construction,  immune to influences from 
either cultural or technological change from 
outside. In an interview for the Art Institute 
of Chicago’s Oral History Project, Freed 
comments on his Deanship at IIT,  

“For twenty years I had talked to myself in 
my head about this. Then I went there and I 
tried to externalize it. Suddenly I found out 

 

Figure 2.  Chart of the IIT Curriculum 1941. 
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that nobody wanted to hear it. Nobody was 
interested in it. What they wanted me for 
was to take them back to the good old days. 
They were just in this lockhold of Mies'. Of 
course nobody there, which was their habit, 
would find fault with Mies.”  

The subsequent changes implemented at 
that time were not a complete overhaul of 
the program, but it is clear that the 
adjustments were aimed at dismantling the 
status quo in the hopes of eventually either 
transcending the Miesian influence or, at 
least, allowing for other, more contemporary 
points of view to influence the student’s 
work. In an interview in a local Chicago 
magazine in 1989 entitled “IIT architect 
dean may bring less Mies, more from 
today”, Summers' comments on his plans,  
 
 “I hope my deviation from the normal route 
will teach students to know other avenues of  
architecture.”  
 
But the historical record also shows that at 
this time there was little agreement within 
the college about why change was needed 
or how to go about it.  
 
Summers’ plans also included hiring in a 
crop of new, young faculty, mostly educated 
outside of IIT, to teach in the core studios, in 
the hopes of breathing new life into the 
program. One of these was Ben Nicholson, 
who participated on the committee 

considering the reforms. Nicholson writes of 
that time,  
 
“We are no longer willing to engage the 
pedagogical sequence leading from 
materials, through function, to creative work. 
That sequence echoed Mies’ personal 
journey from the stone yard, to the making 
of programmed houses to the symphonic 
works…. In practical terms, the avant-garde 
of architecture have forged a course of 
action diametric to that suggested by Mies. 
Their first activity was to pose questions that 
lead to creation, their second action was to 
look for function, and finally to grapple with 
materials in the building site.”   
 
Picking up on Nicholson’s characterization it 
suffices to say that most of the reforms 
implemented at that time had to do with 
cultural and ideological changes that had 
occurred outside the walls of Crown Hall, 
most importantly, changes in attitudes 
towards creative processes in architectural 
work and the role of “critical thinking”4 in 
such processes.  
 
The reforms implemented during Summers' 
tenure as Dean would affect both the overall 
structure of the curriculum and the content 
of the courses within it. In terms of the 
overall structure of the curriculum, the 
seven overlapping sequences of Mies’ 
original Chart were abandoned (see fig. 3) 
and were replaced by four categories of 

 

Figure 3.  Chart of the IIT Curriculum 1990. 
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study, which included, “General Education”, 
“Studio”, “Service” and “Architectural 
Electives”. These were no longer seen as 
overlapping sequences building to 
crescendo with the building design studios 
in the final years, rather, the new structure 
featured a continuum of studios running 
through the entire five-year sequence.  This 
continuum of studios was then subdivided 
into two parts, the first three years being 
characterized as “Foundation” Studios, and 
the final two as “Elective” or  “Advanced” 
Studios. This overall structural change was 
implemented to allow for further changes to 
the content of the individual courses taught.   

In the foundation studios, the first year 
retained its Bauhaus-style exercises in 
freehand drawing, technical drafting and 
elemental composition, but also included 
more investigations of spatial composition, 
and larger scale construction. More 
substantive changes occurred in the second 
and third years in that they were no longer 
characterized as a “construction sequence” 
although emphasis on material 
investigations in masonry, wood, steel and 
concrete remained. Additionally, the use of 
a wider range of potential building programs 
and technologies was implemented in order 
to challenge the students and induce them 
to think outside the established canons, 
deal with contemporary issues and research 
current building technologies.  

The fourth and fifth year elective studios 
were also opened up to include a wide 
variety of topics to be chosen by the 
teaching faculty. This was seen primarily as 
a way of allowing the students to develop 
their individual interests and to allow for a 
modicum of specialization. At the beginning 
of each semester, teaching faculty within 
the elective studios make presentations of 
the projects they offer. Student can then 
select and rank their top three choices. 
Preference is given to the upperclassmen 
and, if necessary, a lottery is used to make 
the final decisions of who goes where. This 
has also allowed many of the existing 
faculty to pursue their interests within the 

studio and has allowed the College to 
engage local professionals in the 
curriculum.  

The “Comprehensive” Year 
 
Whereas under Mies’ vision the capstone 
experience came at the end of the five-year 
program, the new model designated a 
capstone experience after only three years, 
at the end of the Foundation Studios. This 
was done, in part, to allow the fourth and 
fifth year Elective Studios to focus on 
specializations.  But in order to meet the 
new National Architectural Accrediting 
Board (NAAB) standards the curriculum 
needed at least one semester to be a 
“comprehensive design” experience.5 The 
Fourth and Fifth year studios, because of 
their specializations, would be too narrow in 
focus to qualify under the NAAB standards 
and so it was decided that the 
comprehensive design experience would 
come at the end of the 3rd year. The main 
effect of this move was to quicken the pace, 
and to focus the efforts of the Foundation 
Studios. The canonical model, with its 
prescriptive solutions and narrow focus, 
would no longer suffice if the students were 
to be ready for a comprehensive design 
experience by the end of the third year. The 
content of the studios preceding it would 
have to be richer, broader and more 
contemporary, and the students would have 
to address the design of complex buildings 
problems earlier in the curriculum.  

When I arrived to teach in the TYP at IIT in 
the fall of 1999 it was at the invitation of the 
new Dean of the College, Donna Robertson.  
Robertson had picked up where Summers 
had left off and continued to bring fresh 
talent into the organization. When hired, I 
was told that these would be “materials-
based design studios, a semester of steel 
and a semester of concrete”, and that the 
projects given were at the discretion of the 
teaching faculty. It seemed open and 
straightforward enough. But once in the 
trenches it seemed to me that the studios 
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did not work, or, at least, did not really 
deliver on the comprehensive design 
criteria. Although they had allowed the 
school to move beyond Mies’, the curricular 
revisions implemented a decade earlier 
were simply not rising to the challenges of 
providing the students a comprehensive 
design experience. 

Defining the Current Problems 

When I was given the directorship of the 
TYP in 2002 it was an opportunity to correct 
what I perceived as the problems keeping 
us from achieving a comprehensive design 
experience for our students. The problems 
were many, but the key issues revolved 
around how well we were integrating 
content concerning structural technology 
and building science, including mechanical 
systems, into the course material.  

The most obvious problem in the studio had 
to do with the sequencing of information. 
More often than not, we were asking the 
students to consider aspects of building 
design and construction technology before 
we had adequately addressed the issues in 
a class setting. It is important to note here 
that traditionally, IIT did not need a separate 
construction technology course as is the 
norm for most schools of architecture, 
because the traditional “construction 
sequence”, conducted in the second and 
third years, covered this information through 
the drawing and model building exercises 
that were given, albeit in a narrow and 
canonical way. When the “construction 
sequence” was replaced by the building 
design studios, there was no separate 
construction technology course 
implemented. The studio was still seen as 
the place where this information would be 
imparted. When I arrived, a lecture series 
had been implemented within the studio but 
it was piecemeal and even tended to fizzle-
out as the semester wore on and there were 
no definitive textbooks prescribed that 
would allow students to look up the 
information needed. Additionally, the critical 
information regarding building technology 

was not always presented in time for the 
students to make good use of it in their 
projects. There was also no real 
coordination between the studio coursework 
and the work being performed in their 
Structures Course and/or their Mechanical, 
Electrical and Plumbing (MEP) course 
despite the fact that the courses had 
intentionally been placed in the same 
semester to allow overlap and integration of 
information to occur. 

These parallel courses, were, by and large, 
dealt with in the studio, insofar as the 
students were required to demonstrate 
knowledge of how to size beams and 
columns and how to calculate the loads 
placed on equipment.  But this was often 
treated by students and faculty as an 
unfortunate obligation that one simply had 
to endure in order to move onto the more 
interesting aspects of building design.  

Although the MEP course has always been 
taught within the College of Architecture, the 
Structure Course has been offered through 
the Department of Civil Engineering. This 
made its integration into the studio content 
doubly difficult insofar as their faculty had 
not been willing to coordinate efforts 
between the courses or participate in Studio 
work. Consequently, the Studio faculty had 
to present the structures content within the 
studio to insure that the students had the 
information when they needed it and were 
effectively applying it to their work. This 
made for redundant discussions between 
the courses and wasted valuble studio time. 

There was also a tendency, within the 
studio, to simply expect too much from the 
students in terms of work-load. In the first 
few years of my experience with the course, 
before I was given the directorship, students 
were expected to finish two and sometime 
three building designs within a semester’s 
time. These were not large projects, but 
their number prevented students from being 
able to adequately contemplate the work, 
produce and test multiple iterations of their 
ideas, hone in on final concept and then 
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develop it to a level of detail, wherein which, 
issues of fabrication, construction and 
technological integration could be 
meaningfully discussed.  

Related to this, was a lack of integration of 
Computer Aided Design/Drafting (CAD) and 
Computer Numerical Control (CNC) 
technology in the curriculum. This is 
attributable to IIT’s strong tradition of 
emphasizing fundamental skills, hand-
drafting being foremost among them, and 
teaching about building technology through 
formal drawing exercizes. As recently as 
three years ago, less than half of the 
students in the TYP produced their work 
with the aid of computers and computer 
driven technology. This had a clear effect on 
productivity. Those students who had the 
advanced skills, usually transfer students, 
were nearly always able to outperform their 
classmates in terms of project development 
and presentation. 

Lastly, and this was likely a problem unique 
to IIT, student’s still tended to “ape the 
master”. This was often allowed and 
sometimes encouraged. This tendency was 
understandable on one level, they were, 
after all, at the school that he started and 
were surrounded by his work. Also, it should 
be recognized that, as an exercise, there is 
a lot to be learned by following Mies’ 
through some of the classic design 
problems that he dealt with so beautifully in 
his built works, such as how to turn a corner 
with a given structural or cladding system. It 
is difficult to be entirely against a student 
who wants to “be like Mies”. The problem 
arises when the student mindlessly copies 
his work in their work and fails to think in 
terms of contemporary practice and 
contemporary standards. Mies’ buildings 
are, by today’s standards, woefully 
inefficient in terms of energy usage. A 
studio filled with little Crown Halls or Berlin 
Museums makes it very difficult to teach any 
notions of sustainability with regards to 
material and energy usage. 
 
 

The Current State of the TYP 

New reforms have put us much closer to 
providing within the TYP a comprehensive 
design experience in line with the standards 
set by the NAAB. Just as it was with the 
curriculum as a whole, both structural and 
substantive changes were needed.  
 
Addressing Content Delivery:  
To deal with the problems surrounding the 
proper sequencing and delivery of 
construction technology information within 
the studio, a 24 part lecture series for each 
of the two semesters has been developed 
over the last four years.  This series takes 
place in the first hour of studio, typically for 
two out of the three days per week that 
studio is conducted. Teaching faculty rotate 
through the lecture responsibility as the 
semester progresses. The series begins 
with an introduction to the principal structure 
material that is the subject of the semester’s 
investigation, in our case, either steel or 
concrete, and includes information on the 
process of its manufacture as well as 
presentations on its structural development 
through history by way of case studies and 
examples. Once this introductory material is 
presented we move onto a discussion of the 
most common structural types, their 
application and a comparison of spanning 
capacity. The sequence then moves 
through discussions of building systems 
roughly following the construction process 
from the laying of foundations through 
interior  finish work. This sequence is 
carefully orchestrated to coincide with the 
pace and progress of the studio to insure 
that students have taken part in a 
presentation and discussion of the various 
building systems before they are asked to 
consider them in the studio. In addition, all 
of the lecture materials are made available 
to the students on a course web site to 
allow them to revisit issues with teaching 
faculty whenever they feel it necessary. 
They can also visit an archive of student 
work from previous semesters on the 
website for examples of the level of 
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development and quality of work expected 
in the studio. 
 
In order to insure a measure of continuous 
improvement and up-to-date information, it 
is agreed that teaching faculty do not give 
the same lecture in consecutive semesters. 
They are given all of the materials from 
previous semesters on CD-rom and are 
then are challenged to make improvements 
to both the form and content of the lecture 
series. This has the added benefit of 
keeping the teaching faculty up to date on 
the technical issues important to the studio 
work. 
 
At least two field trips are now conducted 
during the semester, one focused on 
manufacturing the other on construction.  In 
programming these trips, we try to take full 
advantage of our privileged location here in 
Chicago. We have, over the years, visited 
the steel mills of the Indiana lakeshore, 
forging and casting plants within the city and 
structural and finish precast plants in the 
outlying suburbs. As most of the teaching 
faculty are also practicing architects, and 
the economy has fueled a building boom 
here, we have been fortunate to also have 
an ample supply of projects under 
construction for the students to tour. 
 
Integrating the Parallel Courses: 
The Structures Courses and the MEP 
Courses that are supposed to coincide with 
and support the studio are now more fully 
integrated both conceptually and 
perceptually. The structures courses are no 
longer taught out of the Department of Civil 
Engineering and the sequence of those 
courses has changed. Whereas 
traditionally, the students were given four 
semesters of structures focused on the 
resolution of equations they now take three 
courses, the first of which is an “intuitive 
introduction” to structures, offered in the last 
semester of the second year. This 
emphasizes the dynamic aspects of 
structures when considered as overall 
systems through the building and testing of 
models and mock-ups. The remaining two 

semesters, conducted during the third year, 
follow the emphases of steel and concrete 
taking place in the studios and give the 
student a sound mathematical competence 
to complement the studio work.  
 
We continue to work with the faculty in both 
the Structures and MEP courses to adjust 
the scheduling of content to better coincide 
with what was being discussed in the 
studios. They also now require the students 
to actually do work on their design projects 
in these other courses. Students are 
expected to submit calculations and loading 
tables to their structures professors and 
their MEP professors require similar 
assignments for heating/cooling loads and 
the sizing of air systems. All of this material 
is reviewed by the studio faculty as well. 
Additionally, both the structures professors 
and the MEP faculty visit the studio for 
scheduled reviews of student projects, at 
least two times per semester. This works to 
blur the borders between the studio and the 
parallel courses.  Students encounter and 
work with their Structures/MEP professors 
in the studio and Studio Professors engage 
the students in the integration of the 
Structures/MEP work into their building 
designs. 
 
To again take full advantage of our setting 
in Chicago, we are now working on 
establishing a “Structures Day” and a 
“Mechanical Day” for each semester. The 
students are already reviewed twice a 
semester by local practicing architects 
invited to sit on juries at midterm and finals 
week. This effort will invite a dozen or so 
local qualified professionals, structural and 
mechanical engineers, to visit IIT for an 
afternoon of group reviews and discussions 
of individual projects. The day will conclude 
with a dinner meeting between the 
professionals and teaching staff to discuss 
the student work and, hopefully, gain 
insights into how to better prepare the 
students for professional work. 
 
Major changes have also occurred in the 
CAD portions of the curriculum. We have 
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begun to offer classes in digital graphics 
and modeling earlier in the curriculum. This 
was done to allow students more 
opportunities to implement the use of 
computers in the studios and, with faculty 
input, better integrate them into the design 
and production process. We have also 
implemented wireless technology 
throughout the 3 buildings currently 
occupied by the College and have  
expanded the range of classes being 
offered so that students can, if they desire, 
receive a minor in Computer Aided Design. 
Additionally, we require high proficiency in 
CAD from all of our teaching faculty and 
teach the effective use of CAD not just for 
production or presentation but also to aid in 
the design process. Although we do not 
require that students use CAD or CNC to 
complete their work in the studios all of 
them did in the 2005-2006 academic year. 
 
Managing Work Load & Quality: 
Rather than run a series of projects that 
tended to burn the students out, we now 
work on only one project per semester. The 
project is selected so as to be simple in 
nature, limited in scope and carefully 
orchestrated through regular assignments, 
exercises and other milestones that keep 
the students constantly aware of the pace 
and structure of the studio. 
 
The semester is begun with an intensive 
one-week assignment of group-based 
research projects. These include relevant 
subjects that will be of use to the students 
during the design process, such as local 
climatic conditions, zoning and code 
restrictions or research pertaining to the 
client or site. The teams of 7 to 10 students 
are required to disseminate all information 
gathered to the rest of the studio through a 
verbal presentation that allows for questions 
and corresponding printed materials for 
inclusion in a project research booklet.  
 
This research period is followed by a week-
end charette in which the students are first 
invited to participate with faculty in a 
Saturday brain-storming session focused on 

the possibilities inherent in the site, program 
and structure, and then encouraged to 
spend their Sunday generating the first of 
many parti for evaluation in an in-class 
pinup that Monday. This is intended as a 
kick start for the studio and seeks to get the 
students quickly engaged in the core issues 
of the project. 
 
The semester is divided into two periods 
that emulate the typical project phases of 
“schematic design” and “design 
development”. By the mid-point of the 
semester each student is expected to have 
a fairly well-resolved schematic design that 
has accounted for some structural logic, and 
has effectively dealt with the program and 
site, including all aspects of life-safety and 
accessibility. After the break, the students 
are then engaged in a series of 
assignments and exercises that allow them 
to “re-design” their projects through 
architectural detailing. These exercises 
include large-scale sectional investigations 
as well as rough maquettes. This series of 
investigation culminates in the building of a 
large-scale sectional model, usually of a 
corner of their building.  
 
Throughout these exercises the students 
are continually engaged by the faculty to 
reconsider the whole in terms of the detail. 
This method posits the notion that a single 
detail can “infect” an entire building design 
and through careful modulation, a language 
of form can begin to emerge. Through this 
method the students are allowed to see how 
all of their investigations, structural, 
mechanical and otherwise can and will 
inform their ideas and decisions about built 
form. 
 
In the last few years we have also sought to 
engage “potentially real projects” for the 
students to work on. This started as a 
chance opportunity, but it so stimulated and 
invigorated our students that we have since 
then sought additional opportunities. In the 
years since we began working on these 
kinds of projects we have addressed a wide 
variety of building types and programs,  all 



 Updating the Miesian Curriculum  41 

 

of which were either for “not-for-profit” 
organizations or private organizations that 
serve public interests, such as mass transit 
or energy usage and sustainability. The 
“client”, usually the organization’s director 
and their immediate department heads,  
works with the faculty to develop the 
program before the semester begins and 
then attends a question and answer session 
with the students conducted immediately 
before the week-end charette. They then 
return to take part in both the mid-term and 
final reviews. Ultimately, we do not expect 
to see any of the student work actually built 
and we make this clear to everyone 
involved. These projects are conducted for 
the mutual edification of both parties 
involved. It is our hope that when 
participating organizations do engage the 
services of a professional they are better 
informed as to their own needs and the 
possibilities that their program suggests. 
Thus far, these efforts have served both the 
students’ and the “client’s” interests very 
well and we hope to be able to continue to 
find organizations that we can work with in 
the future. 
 
Discipline with a Sense of Purpose:   
Many architectural design studios over-
emphasize the importance of the open-
ended, self-involved, creative thinking that is 
characteristic of the artist or poet, and 
under-emphasize the role of research in 
informing the design process. We have 
sought, in the last four years, to create 
within the studio a more balanced culture, in 
which creativity is seen as an applied act 
that is informed by analysis and is focused 
on problem-solving, and in which informed 
research is considered among the principal 
tools of the architect. 

The best way we have found to keep 
students from simply copying work they 
admire or details they have found, without 
first understanding them and, if appropriate, 
adapting them to the purposes at hand, is to 
insist that they not only present, for 
instance, a wall-section, but that they also 
reveal their source materials and present 

those as well. Students are evaluated not 
only on the relative success or failure of the 
detail in question but also on the depth and 
breadth of the research materials informing 
that detail. This serves to broaden the 
discussion and helps the teaching faculty to 
understand how, if at all, a student is 
thinking about a given detail or design 
concept. 

Another less direct but still effective way to 
insure that students are mindfully engaged 
in their own work is to keep them focused 
on issues of contemporary practice, 
especially ideas that contribute to the public 
good, such as sustainable practices in 
material and energy usage. Much of the 
discussion in studio is devoted to issues of 
efficiency and sustainability and the 
students are encouraged to evaluate 
proposed solutions in terms of costs and 
benefits. Emphasizing these kinds of issues 
in the TYP has virtually eliminated the 
tendency for some students to “ape the 
master” and, more importantly, it has lent a 
sense of urgency and importance to the 
work at hand.  

This is also the most tangible effect of the 
“potentially real projects” mentioned above. 
Because we collaborate only with 
organizations that serve real and vital public 
needs, it tends to imbue the studios with a 
profound sense of purpose and the students 
take their own work more seriously.  

A Continual “Work in Progress” 

As an important historical institution, IIT’s 
College of Architecture has had to face the 
realization that in contemporary civilization 
no set of ideas, no matter how important 
they were at one time, could stand for long 
unchanged, and that those few instances 
where this does happen tend to be viewed 
as lacking an appropriate level of healthy 
skepticism. As has been shown in the 
preceeding pages the College is making 
efforts to move beyond the canonical 
modernism that dominated Crown Hall for 
over forty years and bring the curriculum in 
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touch with the spirit of the times. But there is 
still concern within the school that much of 
what Mies brought to education will be lost 
in the reforms and that, over time, we risk 
losing the school’s identity altogether.  
 
Of this, only time will tell. But I would argue 
that Mies’ legacy is still very much intact. It 
remains a program dedicated to the idea 
that providing a depth of knowledge about 
material properties and building technology 
is key to educating an architect. It continues 
to strive for a level of course integration that 
allows students to see building design as a 
multi-disciplinary task that requires mastery 
at all levels. It continues to place an 
emphasis on the reasonable and efficient 
use of structure as a prime factor in 
determining built form. It remains a program 
that portray’s design as a unique type of 
creative endeavor that is informed by 
effective research, analysis and application.  
In fact, the unyielding constancy and 
extended duration of Mies’ original 
curriculum at IIT could be attributable to a 
lack of sufficient attention to one of the 
central tenets of his philosophy. Mies 
himself pointed to the ever-changing nature 
of our civilization when he characterized 
architecture as the expression of the “will of 
an epoch”. In his inaugural address he 
states,  
 
“Just as we acquaint ourselves with 
materials and just as we must understand 
functions, we must become familiar with the 
psychological and spiritual factors of the 
day. No cultural activity is possible 
otherwise: for we are dependent on the 
spirit of our time. Therefore we must 
understand the motives and forces of our 
time and analyze their structure from three 
points of view: the material, the functional, 
and the spiritual. We must make clear in 
what respects our epoch differs from others 
and in what respects it is similar”. 
 
Mies is, of course talking about architecture 
here but the same notion could be applied 
to the curriculum of architectural education. 
In either case, an ongoing lack of honest re-

evaluation and appropriate adjustment will 
eventually lead to irrelevance and 
obsolescence.  This case-study of the Third 
Year Program has been offered as an 
example of how and why change is 
occurring at IIT, as a response to 
contemporary forces but also mindful of the 
philosophy and traditions from which it has 
descended. I believe that what has 
happened and continues to happen at IIT is 
less about completely reinventing the 
school, or making it more like other schools, 
but amounts to something more along the 
lines of a well-informed course correction.  
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4 Because “critical thinking” has become 
somewhat a cliché or buzzword in academic 
circles, it is important to be clear on one’s 
meaning in using the phrase. I take my 
definition from Ennis, 1992. “…reasonable 
reflective thinking focused on deciding what 
to believe or do.” 
 
5 NAAB defines Comprehensive Design as, 
“Ability to produce an architecture project 
informed by a comprehensive program, 
from schematic design through the detailed 
development of programmatic spaces, 
structural and environmental systems, life-
safety provisions, wall sections, and building 
assemblies, as may be appropriate; and to 
assess the completed project with respect 
to the programs design criteria.”  
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The Mechanisms of Surface: The Wall Section Model  
Jason R. Chandler, A.I.A. 
Florida International University  

The wall section model serves as an impor-
tant tool in teaching the methods and mate-
rials of building. As a highly focused model, 
it requires students to explore in detail the 
interactions of a building’s enclosure and 
structure. While a one to one interaction 
with materials is a desirable context for 
learning, this project focuses on the interac-
tion of construction systems and the over-
view gained through architectural represen-
tation. The pedagogic intent of this model is 
to refocus the student’s attention past the 
veneer of a building’s exterior and connect 
visual concerns with the necessary mecha-
nisms of construction. 
 
The Class 
 
The wall section model is a required as-
signment for the second of two required ma-
terials and methods classes. These classes 
are part of the technology sequence of a 
four-year undergraduate architectural cur-
riculum.1 Both classes are presented in lec-
ture format. The class size is comprised of 
about one hundred students. The first class 
introduces small-scale building practices2 
while the second examines large-scale 
building practices.  
 
In the second class, Edward Allen’s Fun-
damentals of Building Construction3 is used 
as the textbook. The structure of this book, 
one that organizes its explanation of build-
ing construction by material type, is used to 
arrange the class.   
 
The class begins with a lecture on the primi-
tive hut. The primate hut is presented as a 
distilled version of construction that accom-
modates shelter. The frontispiece of 
Laugier’s Essai sur l’architecture, of 1775, is 
the first image of the class. This engraving 

illustrates a simple wood shelter unencum-
bered by decoration. This ideal is used to 
present other simple shelters of the twenti-
eth century, which allows the students a fo-
cused view of a single building system. Le 
Corbusier’s Maison Domino of 1927 is used 
to illustrate a simple concrete structure 
while Mies Van de Rohe’s Farnsworth 
house of 1950 is used to illustrate a simple 
steel frame structure. Through these iso-
lated examples, distinct materials and 
methods are introduced.  
 
After the primate hut introduction, the class 
examines building construction by individual 
material types: wood, brick, stone, steel, 
concrete, pre-cast concrete, and glass. The 
Allen book offers a thorough explanation of 
each material type and is used to introduce 
a material’s most prevalent quality. This 
study reveals the material’s efficiencies 
found in every day construction. Simultane-
ously, this study of the material’s standard is 
supplemented with a presentation of an ex-
ceptional building case study. The building 
case study explores a material’s qualities 
without typical constraints and often reflects 
possibilities not apparent in the industry. It is 
in the case study that the work of mature 
architects is used to reveal subtle yet so-
phisticated understandings of a material’s 
character. While both the building standard 
and its exceptional possibility are given 
equal presentation time, emphasis is placed 
on the understanding that innovation re-
quires experience with standard building 
techniques.  
 
Toward the end of the class, the lectures 
discuss the idea of composite structures 
and the role of cladding. It is in these lec-
tures that the combination of material types 
is explored; specifically, the combination of 
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different structural and material systems. 
Enclosure systems are highlighted as inde-
pendent systems that protect the structure. 
In addition, the wall section becomes a tool 
with which to explore the complexities of 
present day construction. Walls are no 
longer monolithic assemblies, but rather ex-
pansive areas which transform from the in-
terior to the exterior. In these walls, struc-
ture, interior and exterior cladding, insula-
tion, electrical, plumbing and mechanical 
systems coexist. These lectures begin to 
frame the intent of the wall section model by 
providing a context of how these systems 
intermingle.  
 
Throughout the semester, students periodi-
cally visit a building site. In the past, the 
class would visit building sites together with 
the professor, yet as class sizes grew this 
became untenable. The intent of this as-
signment is to have the students witness 
first hand a medium to large-scale building 
under construction. The building that is se-
lected must satisfy the following require-
ments: it should not be past 50% comple-
tion, it must be freestanding, and it must be 
at least 10,000 square feet in size. The stu-
dents are required to visit their site eight 
times during the semester and document 
what has occurred with a one hundred word 
description and photographs. 
 
The Wall Section Model Project 
 
The wall section model is a semester long 
endeavor, which involves three distinct 
parts: a research book, a detail drawing and 
a model. This is a group project; each stu-
dent must select two people to work with. 
Both the research book and the detail draw-
ing are meant to familiarize the students 
with their chosen building. These assign-
ments require the students to gather as 
much information on their building as possi-
ble. Both the research book and the detail 
drawing are to be submitted for review at 
assigned dates. The students receive com-
ments, which they can respond to by re-
submitting at the end of the project. The 

semester is supplemented with workshops 
that clarify the intent of the assignments.  
 
The students select a notable building from 
a predetermined list. This list is organized 
into five material categories: wood, brick, 
stone, metal, and glass. The buildings that 
compose this list were typically built in the 
mid to late twentieth century and early 
twenty-first century. They are medium to 
large-scale buildings and are often distin-
guished by their cladding innovations.  
 
The Research Book 
 
At the beginning of this project, students 
research their selected building. They are 
required to collect a wide-range of informa-
tion with an emphasis placed on gathering 
graphic documentation. This information is 
then organized into a book, which explains 
the building’s context, history and construc-
tion.  
 
The students are asked to document in both 
written and graphic format the following top-
ics: 
 
1. Building Construction Dates: Students 

are required to not only determine when 
the building was built, but also the dura-
tion of its construction.  

2. Building Site: Students draw a site plan 
of the building with a north arrow. They 
need to show the site context, any other 
buildings, typography and vegetation. 
They need to identify the building’s ex-
posures: which building walls are ex-
posed to sun, wind and weather, and 
which walls are protected. They need to 
identify if the building is in an urban con-
text or in a rural or suburban context.   

3. Construction Challenges: The students 
need to determine if the site, municipal 
approvals, budget or time created ob-
stacles for the builders.  

4. Climate: Students record the building’s 
longitude and latitude coordinates. They 
document the yearly weather cycle. 

5. Cultural Setting: Students explain the 
culture of the area in which the building 
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is situated. This is a broad topic but the 
intent is to explore the “genius loci”4 or 
“the spirit of the place.” The students are 
required to determine what sort of cul-
tural influences their chosen building re-
sponded to.  

6. Building Historical Precedence: This 
topic requires the students to look past 
the locale of the building to broader is-
sues of building type. They need to de-
termine whether or not their building 
represents a culmination of technology 
used in similar buildings.    

7. Client: The research book records who 
built the building. The client is described 
in terms of what their role was in deter-
mining the building’s configuration, im-
age, and budget.    

8. Program: The students are required to 
include all plans of the building. They 
must also document what activities oc-
cur in those plans.  

9. Circulation. The students need to de-
scribe in plan and in section the circula-
tion through the building. They need to 
identify horizontal and vertical circulation 
elements. 

10. Architect: The architect needs to be 
identified. In addition, the architect’s 
other work needs to be documented. It 
is further required that the chosen build-
ing be considered within the architect’s 
oeuvre. The students need to determine 
whether or not this is a unique building 
in terms of scale or technology. They 
need to conclude whether or not this 
building is indicative of the rest of the 
architect’s work or a unique moment in 
the architect’s production.  

11. Structural Systems: It is required that 
the primary structural system is identi-
fied and isolated. The vertical and hori-
zontal supports are described as well as 
any diagonal bracing or shear walls.  
Once the structural system is articu-
lated, the students are required to de-
termine if the enclosure system is part of 
the primary structure or an independent 
structure.  

12. Climate Control: Passive Systems: Stu-
dents analyze how, if at all, the build-

ing’s configuration contributes to heating 
or cooling. Mechanical Systems: Stu-
dents identify powered systems of heat-
ing and cooling. 

13. Cladding Systems: The students exam-
ine how cladding controls natural light, 
how it protects from water intrusion, how 
it isolates building movements, how it 
weathers, how it prevents air leakage, 
and how it insulates the building.  

14. Materials: The primary materials of the 
building are identified.   

 
In addition to the preceding topics, the stu-
dents need to intermix graphic information 
throughout the text. This information in-
cludes the following items: the architect’s 
sketches, models, plans, sections, eleva-
tions, working drawings, wall sections, de-
tails, and building photographs.  
 
The Detail Drawing 
 
Once the book is finished, a selected area 
that represents the character of the building 
is drawn. This drawing is the “blueprint” for 
the final model (figure 1.) It typically depicts 
a ten-foot wide section of the full height of 
an exterior building edge. The full height of 
high-rise buildings with repetitive floor plates 
needs does not need to be drawn in its en-
tirety. Instead, the building’s base, a series 
of representative floor plates and its top are 
sufficient information.  
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Figure 1.  Detail Drawing Format  

 
 
The ambition of these drawings is to repre-
sent the building details within the context of 
the full wall. Seeing the required mecha-
nisms of a construction from the base of a 
building to its top allows for a comprehen-
sive description of a building’s surface. A 
building’s surface is the result of a variety of 
contiguous construction events. These 
events exist as moments embedded in 
building. Any one of these details cannot be 
completely understood without the rest of 
the structure.  
 
The scale that represents the details and a 
full wall section for medium to large-scale 
buildings without requiring too large a piece 
of paper is ½” = 1’-0”.5 At this scale an over-
view of the wall is afforded while the individ-
ual connections are depicted. A larger scale 
may allow for additional information but the 
details can become disembodied. A smaller 
scale may allow for a more comprehensive 
spatial depiction but issues of construction 
may dissolve.  

 
Three drawings are produced to render the 
selected area of the building: a wall section, 
a partial elevation and a partial plan. The 
wall section is cut at the building’s edge and 
extends ten feet into the building. The par-
tial elevation depicts a ten-foot wide vertical 
section of the façade. This elevation is often 
adjusted to encompass a full bay of the 
structure. The plan of this area is often cut 
at the most representative level through the 
building. These three drawings are then or-
ganized on one sheet and drawn at the 
same scale. The wall section and the eleva-
tion are aligned at the top of the page while 
the plan is aligned below the elevation. In 
addition to the drawings, text is used to la-
bel the building elements. This text is typi-
cally organized in a vertical column between 
the wall section and elevation.  
 
The Model 
 
Once the drawings are completed, the stu-
dents sketch out a scheme to build their 
model. They determine the actual materials 
they will use to represent the building’s ma-
terials. As this model is only a portion of the 
building it may not stand on its own. As a 
result, one of the challenges is to build a 
steady model. Students design a base for 
their model and a means to hold up the can-
tilevering floor edges without introducing 
any extraneous structure.  
 
Determining the actual materials for the 
model is a critical step in the model making 
process. The wall section model is meant to 
represent the building’s actual construction 
and materials. While the use of the actual 
building’s materials is encouraged, it is not a 
requirement. Instead, it is the interaction of 
assemblies and materials that is sought in 
this endeavor. Models may be made of ma-
terials not found in the building, but attention 
must be made to represent the building 
elements correctly. These elements can un-
dergo transformation so long as their scale, 
proportion, texture, and relationship to other 
elements is accurately depicted.    
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The students typically work on their models 
for about two weeks. During this time, is-
sues of material feasibility arise. Often a 
material that is found in the actual building 
cannot assume its role in the model. Its ac-
tual scale may be inappropriate for the 
model’s scale. In order to simulate the ma-
terial’s qualities, the students select a sub-
stitute material. For example, one material 
that is often used in the beginning of the 
model building process is concrete. Stu-
dents have varying degrees of success with 
this material and often find that their difficul-
ties with it do not approximate its full-scale 
reality. Plaster is one substitute that allows 
the students the opportunity to experiment 
with a malleable material without the con-
straints associated with concrete. This sub-
stitution allows a freedom to explore interac-
tions with other materials within a larger 
context. At the model’s scale, these interac-
tions extend past a particular material to the 
overall assembly.  
 
While the models are not meant to be simu-
lations of full-scale construction, they are 
challenging undertakings. They require a 
coordinated effort of a student team. They 
often are the most involved models the stu-
dents have made at this point in their edu-
cation. While it is the primary aim of the as-
signment to represent the chosen building in 
an accurate way, it is the precision of the 
model making that becomes the ultimate 
measure of the model’s success. In the end, 
it is craftsmanship coupled with an under-
standing of interaction of building systems 
that distinguishes successful models.   
 
The following are five examples of wall sec-
tion models built for this class:   
 
1. Wood Example: Shelter for Roman 

Archaeological Studies  
Architect: PeterZumthor 
Location: Switzerland  
Date of completion: 1986 

 
Peter Zumthor’s Shelter for Roman Ar-
chaeological Studies is an open wood and 
steel frame structure resting on a concrete 

foundation wall.6 This model depicts the 
cantilever metal entry condition. While it 
uses wood it does not does not use metal to 
render the cantilever entry. Instead, painted 
cardboard is used (Figure 2.) 
 
   

 

Figure 2.  Student Model 2 of Peter Zumthor’s Shelter 
for Roman Archaeological Studies  

 
2.  Stone Example:  

Dominus Winery 
Architect: Herzog and De Meuron   
Location: California   
Date of completion: 1997  

 
Herzog and De Meuron’s Dominus Winery 
is a concrete frame building enclosed with a 
gabion cladding on steel tube frame.7 This 
model depicts a corner of the building (Fig-
ure 3.) The exterior is made of the actual 
building materials; the model uses actual 
stones and wire mess to represent the ga-
bion cladding.  The interior substitutes the 
building materials; the concrete slab is ren-
dered with plaster and the steel tube frame 
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is rendered with basswood. The utilization 
of actual stones is critical for this model. 
While the other materials were substituted, 
actual stones are necessary to reveal the 
gaps, which let light in through the exterior 
wall.  
 

 

Figure 3. Student Model of  Herzog and De Meuron’s 
Dominus Winery 

 
3.  Concrete Example:  

Lloyds of London  
Architect: Richard Rogers  
Location: London   
Date of completion: 1986 

 
Richard Roger’s Lloyds of London is a pre-
cast concrete frame building with stainless 
steel and glass cladding.8 This model de-
picts a bay of the building and does not use 
any materials found in the actual building. 
Cardboard and basswood with paint are 
used to represent all the materials in the 
building (the glass is omitted.) While this 
uniformity of material does not represent the 
stark contrasts of materials found in the 
building, attention has been given to the 
size and proportion of the different building 
elements. In addition, the delaminated rep-
resentation of the floor system begins to 
mimic the architect’s own drawings for the 
building (Figure 4.)  
 

 

Figure 4.  Student Model of Richard Roger’s Lloyds of 
London 

 
4.  Metal Example: Sarphatistraat Office 

Architect: Steven Holl   
Location: Amsterdam   
Date of completion: 2000 

 
Steven Holl’s Sarphatistraat Office is a steel 
frame building with a steel mess and glass 
enclosure.9 This model depicts a section of 
the exterior wall and does not use any ma-
terials found in the actual building (Figure 
5.) Foam core and museum board are used 
to depict the floor and wall structure, while a 
plastic mess is used to render the steel 
mess. While the actual materials of this 
model do little to mimic those found in the 
building, the layered and porous affect of 
the building’s skin is represented.  
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Figure 5.  Student model of Steven Holl’s Sarphatis-
traat Office 

 
 
5.  Glass Example:  

Art Museum Bregenz 
Architect: Peter Zumthor  
Location: Bregenz   
Date of completion: 1997 

 
Peter Zumthor’s Art Museum Bregenz is a 
concrete structure enclosed with a glass 
curtain. The curtain wall is composed of a 
series of independent glass sheets held to-
gether with a steel frame and chips.10 This 
model depicts a corner of the building and 
does not use any materials found in the ac-
tual building (Figure 6.) The concrete struc-
ture is made of thick chipboard, the glass 
sheets are made of acetate and the steel 
frame is a combination of plastic and drywall 
sandpaper (Figure 7.) The concrete struc-
ture is removable allowing for a view of the 
curtain wall from the interior. While the 
original materials have been substituted, the 
manipulation of natural light is represented.   
 

 

Figure 6.  Student Model of Peter Zumthor’s Art Mu-
seum Bregenz 

 

 

Figure 7.  Detail of Student Model of Peter Zumthor’s 
Art Museum Bregenz 
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Conclusion  
 
The result of this study illuminates the sur-
face of buildings. Rather than exist as pa-
per-thin objects captured in a glossy photo-
graph, the surface of buildings gains new 
depth.   This depth of construction binds the 
entire building to its surface. While the out-
ward expression of a building may remain a 
sought after effect, it can now be engaged 
with its means of construction. The surface 
of a building is a highly charged architec-
tonic moment. As the threshold between the 
interior and exterior, it allows for an exami-
nation of a myriad of construction issues: 
the selection and use of materials, the inte-
gration of structural and mechanical sys-
tems, the use of enclosure and cladding 
systems, the use of glazing systems and 
sun control, the detailing of waterproofing 
and the weathering of materials. The ambi-
tions of the wall section model reflect a dy-
namic moment of construction. These mod-
els serve as a vital laboratory for the under-
standing and making of buildings.    
 
The architect needs to connect with the 
means and methods of construction, yet it 
must be done with the understanding of how 
to place these processes within the context 
of a complete building. The wall section 
model begins to anticipate the complexities 
of construction.  It is during the making of 
this model, that students begin to under-
stand how numerous construction activities 
are organized to produce a building.   
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Introduction 

This paper describes the introduction of 
Autodesk Revit within a construction tech-
nology course, co-instructed by this paper’s 
author, and offered to first-year professional 
M. Arch. students at the University of Min-
nesota in spring semester 2006. 

Description of the Course 

ARCH 5512 (Building Methods in Architec-
ture)  is a required three-credit course in the 
second semester of the first year of the Uni-
versity of Minnesota’s M. Arch. professional 
degree program. The primary objective of 
the course is to elucidate connections be-
tween idea and construction, particularly as 
these connections are made visible through 
the production of large-scale detail draw-
ings. ARCH 5512 is preceded in the first 
semester by ARCH 5511, which focuses on 
large-scale construction systems. 

ARCH 5372 (Computer Methods II) is also a 
required course in the second semester of 
the first year. ARCH 5372 is a one-credit 
pass-fail course intended to introduce stu-
dents to relationships between design and 
digital technology. In previous years, this 
course was integrated with design studio, or 
offered independently in a workshop format. 

In spring 2006, the two courses (ARCH 
5512 and ARCH 5372) were integrated into 
a single course with a common meeting 
time and place. The resulting course was 
co-taught by this paper’s author, Mike Chris-
tenson, and by Renee Cheng, the Head of 
the Architecture Department at the Univer-
sity of Minnesota. Christenson wrote and 

delivered lectures based on the course text, 
and provided in-class instruction in Revit; 
Cheng wrote and delivered lectures on illus-
trative case studies presented at the begin-
ning of the semester. 

The combined course enrolled 50 students 
in spring 2006. The course met twice a 
week (on Wednesday and Friday mornings) 
for a total of approximately three contact 
hours per week. The typical course meeting 
consisted of a lecture delivered by one of 
the two instructors. On four occasions in the 
semester, this typical schedule was dis-
placed in favor of in-class small-group read-
ing discussions led concurrently by the 
three graduate assistants. 

Students were advised at the beginning of 
the semester that they should expect to 
spend an average of six hours of outside-of-
class work per week to receive a passing 
grade. The course had three graduate 
teaching assistants, one of whom was con-
currently enrolled in an upper-level design 
studio engaged in the use of Autodesk Re-
vit. 

In addition to the lectures which consumed 
most of the semester contact hours, the 
course engaged several parallel tracks of 
instruction, including assigned readings, a 
site observation project conducted in 
groups, and an individual detailing project 
(which is the primary subject of this paper). 

 

The assigned article and book-excerpt read-
ings amplified issues relating to the con-
struction site project and to relationships 
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between the act of detailing and other as-
pects of design and construction. The con-
struction site project required students to 
jointly observe progress at a local site for 
the duration of the semester. At the conclu-
sion of the course, each group was required 
to produce and submit for evaluation a 
binder consisting of field reports, images, 
and a report tracking the fabrication and in-
stallation of a specific building element 
(such as a precast concrete ornament). 

A series of cumulative exercises, requiring 
the use of Autodesk Revit, provided practi-
cal experience in applying lessons learned 
through lectures and readings, as well as a 
practical introduction to the use of the soft-
ware. Spring 2006 was the first time in 
which this series of exercises was offered to 
students. 

These parallel tracks of instruction were not 
strongly integrated throughout the semester. 
Rather, students were held responsible for 
identifying and acting upon connections be-
tween the various tracks. For example, stu-
dents could bring issues introduced through 
case studies to bear upon the production of 
the final construction site project report. The 
final exam and an accompanying practice 
exam with annotated solutions were com-
prehensive and explicitly required students 
to draw upon knowledge from each of the 
various tracks. 

The course used Edward Allen's Architec-
tural Detailing: Function, Constructibility, 
Aesthetics as its primary text. Allen’s text is 
not proscriptive. Rather, the text proposes 
that the act of detailing is (and has histori-
cally been) guided by patterns of assembly 
and of practice. In presenting Allen’s text to 
the students through lectures, Christenson 
chose to classify the patterns in Allen’s book 
either as “detailing patterns” which relate to 
the assembly of materials, or as “patterns of 
practice” which refer to general standards 
for professional operation. 

 

Revit as a Medium 

Revit is building information modeling (BIM) 
software produced by Autodesk. Its similar-
ity to software such as AutoCAD or 
SketchUp exists in its ability to construct a 
simulated three-dimensional model of a 
building. But while AutoCAD and SketchUp 
stop at simulating the geometry of a build-
ing, Revit allows elements within a building 
model to be parametrically linked: the com-
ponents of such a model are defined and 
characterized by adjustable parameters. 

This has several implications for design and 
digital modeling. First, it means that in a 
Revit model, a change to the position or ex-
tent of a building element will automatically 
update other elements to which it is linked. 
For example, raising the roof of a building in 
the model will automatically increase the 
height of walls whose height is parametri-
cally linked to the underside of the roof. Or, 
moving a wall in the model will automatically 
adjust the lengths of other walls whose 
endpoints are linked to the first wall. Simi-
larly, changing the location of a window in 
an elevation view will update the appropri-
ate plan; changing the height of a floor in a 
section view will update the appropriate 
building elevations, and so on. 

Secondly, families of similar elements can 
be defined in Revit, such that changing a 
component within the family will automati-
cally change instances of that family 
throughout the model. For example, a single 
family of differently-sized windows can be 
defined, each sharing a common trim de-
sign and mullion profile. A change at the 
family level to the trim design will automati-
cally update all windows in the project 
based on this family, regardless of their 
size. 
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Figure 1.  Completed Revit  model (Student: R. Vro-
man). 

Unlike most of the software with which in-
coming students were likely to be familiar 
(e. g. AutoCAD, Photoshop, perhaps also 
InDesign or Illustrator), Revit does not use 
layers. Instead, Revit models are organized 
categorically (by family and by type), and by 
levels (which correspond to datum lines 
within the building model, such as floor lev-
els or window sills). 

Clearly, the act of constructing a parametric 
building model transcends in complexity the 
act of constructing a three-dimensional 
model as in SketchUp or AutoCAD. Revit 
depends, as these other applications also 
do, upon a designer’s ability to visualize and 
work within an on-screen simulated three-
dimensional environment. But, the act of 
creating a parametric building model in Re-
vit requires that a designer be able to intelli-
gently define relationships between and 
within building elements. It is also true that 
the successful user of Revit, in addition to 
understanding how the software works, 
must understand construction technology 
sufficiently well in order to intelligently de-
fine such relationships. 

The use of Revit in the course 

Because of their experience in the prerequi-
site construction course taken in the imme-
diately preceding semester, incoming stu-
dents were expected to possess fundamen-

tal knowledge about typical construction as-
semblies. But, the students were not as-
sumed to have any experience in digital 
three-dimensional modeling software (al-
though several students did in fact have 
such experience, gained in undergraduate 
courses or in a professional workplace). 

In-class Revit training consisted of two short 
workshops and question-answer sessions. 
At the first of these two workshops, students 
received a handout with annotated step-by-
step instructions for the digital modeling of a 
small structure similar to the structure re-
quired for completion in class. The training 
was provided subject to a stated under-
standing that it would not lead to “mastery” 
of the software, but would instead provide 
sufficient exposure to the software to make 
it useful to the students in a fundamental 
way: that is, enough to permit each of them 
to construct a straightforward digital model 
of a small structure, and to subsequently 
modify the model and its associated details 
in response to a series of statements pro-
vided through five exercises. 

The five exercises, of which the first three 
were grouped into a single submittal, tested 
the applicability of Revit to the act of model-
ing construction, and specifically to the act 
of detail production. The exercises were 
structured to simulate the act of producing a 
mini-set of construction documents for a 
simple rectangular building (Fig. 1), using a 
system with which students were generally 
familiar from the previous semester’s course 
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(brick veneer on CMU backup). While each 
student was required to construct their 
model in Revit, the mode of production for 
detail drawings was deliberately left open in 
all but one of the assignments, in which Re-
vit was required for all aspects of production 
including detail drawings. In the assign-
ments which left the mode of production 
open, most students chose to submit hybrid 
solutions combining printouts from their Re-
vit model with AutoCAD printouts or precise 
hand drawings. Leaving open the possibility 
of alternating hybrid solutions with the re-
quired all-Revit submittal was intended to 
encourage students to confront and address 
the limitations and capabilities of Revit rela-
tive to traditional (or at least pre-Revit) me-
dia. 

The difficulty in structuring the exercises 
was to conceive of content and processes 
which tested the students’ evolving knowl-
edge of detail patterns and their skill in ap-
plying these patterns to a simulated building 
design, while simultaneously focusing atten-
tion on the behavior of Revit software. 

The initial exercise stated the conditions 
governing the entire set of exercises: 

“Beginning with initial conditions and 
proceeding through two successive re-
visions, students will test the ability of 
Revit to support the process of detail 
development. 

“The initial conditions define the physical 
limitations and general appearance of 
the structure. Successive revisions to 
these conditions simulate the scope of 
possible revisions which practicing ar-
chitects may encounter in the production 
of contract documents for an actual 
structure. Revisions may include (but 
are not limited to) changes to the origi-
nally defined size or shape of the struc-
ture; changes to the originally defined 
materials; changes to the scope, num-
ber, and size of openings within the 
structure, and so on.” 

The initial three exercises defined the condi-
tions of the structure to be modeled: 

“The structure shall be rectangular in 
plan, with overall exterior dimensions of 
15’-0” x 30’-0”. It shall include a ground 
level at grade, and an upper level at a 
height of 11’-0” above grade. Its exterior 
walls shall be insulated cavity walls, 
consisting of a single bearing wythe of 
8” concrete masonry units (cmu) and a 
single wythe of brick veneer. It shall be 
constructed on a slab-on-grade with 12” 
perimeter foundation walls extending 4’-
0” below grade. The upper level and 
roof shall be constructed of solid-core 8” 
precast concrete plank, bearing on the 
cmu walls. The overall above-grade 
height of the structure shall not exceed 
22’-0”. It shall have one standard 3’-0” x 
7’-0” exterior door and a total of six win-
dows. Each of the six windows shall be 
square in elevation. All of the windows 
shall have mullions, the pattern of which 
shall be common between the windows 
(e. g. division by mullions into thirds, or 
into halves, or into a nine-square). Each 
of the six windows shall be of a unique 
size. Include an internal steel stair, con-
necting the ground and upper levels.” 

Students were provided with a list of docu-
ments to be submitted with every succes-
sive exercise: 

“[O]ne floor plan of each level; four exte-
rior elevations; two building sections 
(one through the stair); an exterior per-
spective view; and sufficient details to 
describe the typical corner condition, the 
typical wall-to-ground condition, the 
typical cornice condition, the typical 
wall-to-upper-floor condition, and a typi-
cal opening (head, jamb, and sill).” 

Subsequent exercises tested Revit’s appli-
cability to construction modeling by propos-
ing specific changes to the building model. 
The three primary purposes of these state-
ments were (1) to simulate typical changes 
that detailers could expect during a docu-
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ment production phase; (2) to raise the is-
sue of how a Revit model inherently facili-
tates certain kinds of changes, such as rais-
ing or lowering a floor level, or changing the 
location of a wall in plan; and (3) to consider 
the assembly of a building model as being a 
process of configuring separate yet contrib-
uting systems. Examples of changes re-
quired in the subsequent exercises include: 

“Omit the requirement for brick veneer 
at the exterior walls. Instead, provide 
field-assembled metal panels equal to 
CENTRIA Versawall.” 

“Add three standard doors to the ground 
floor, so that there is one door on each 
elevation.” 

“Omit two of the original windows. In-
stead, provide a single window, 2’-0” in 
height, running the length of one build-
ing elevation.” 

“Revise the floor plan of the structure 
such that it is increased in length by 10’-
0”. Keep all other requirements intact.” 

“In place of brick, use modular stone, 
nominally 4” thick by 8” tall by 12” or 16” 
in length.” 

Thus, each new exercise deliberately al-
tered the dimensions, configurations, or ma-
terials of the structure, simultaneously pro-
voking response, testing the applicability of 
learned detailing strategies, and encourag-
ing students to question the appropriate-
ness of the software to the situation. Stu-
dents found that the appropriateness of Re-
vit was particularly called into question at 
the moment of detail production. 

 

The Act of Detail Production in Revit 

Revit possesses an apparent advantage 
over AutoCAD relative to the act of prepar-
ing standardized construction documenta-
tion: the automation of context. The produc-

tion of a detail drawing using AutoCAD gen-
erally requires the detailer to provide con-
text through the use of external references, 
and consequently, a detailer’s attention is 
constantly refocusing between large and 
small. For example, if during the production 
of a detail drawing, a design change should 
occur to the large-scale floor plan or build-
ing section, the detailer must proactively 
bring this context forward to test its influ-
ence on the detail; neglecting to do so runs 
the risk of miscoordination. Revit directly 
impacts this process because it automates 
the presence of large-scale context on the 
production of small-scale work. When a de-
sign change occurs to a floor plan (such as 
the movement of a wall) or to a building sec-
tion (such as a change in the elevation of a 
floor level relative to grade), Revit’s inherent 
linkages automatically bring context forward 
to small-scale work. Changes to small-scale 
components are similarly brought forward 
automatically to affect larger ones. In a simi-
lar spirit, Revit’s built-in interference check 
tool automatically finds physical conflicts 
between systems, and numbered detail ref-
erences automatically change if a drawing is 
moved from one sheet to another. These 
built-in linkages and hierarchical definitions 
largely reduce (though they do not elimi-
nate) the possibility of miscoordination. 

But even within this place of advantage, 
there exists a moment in the production of 
details at which the primary mode of opera-
tion shifts from the act of establishing para-
metric linkages and testing large-scale ma-
nipulations into the production of 2D projec-
tions. This shift in operational focus occurs 
at the moment in the detailing process 
where a “callout” (i. e. a large-scale detail 
drawing) is defined from a building section 
or floor plan. The shift occurs because the 
mode of operation required when adding 
information to a callout view becomes prac-
tically indistinguishable from the act of trac-
ing an external reference in an AutoCAD 
drawing. Language accompanying a Revit 
tutorial on detailing makes this identity clear: 
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“In the callout view, you trace over the 
building model geometry, add detail 
components, and then complete the de-
tail by adding break lines and text 
notes.”1 

Significantly, although detail components 
may be family-based and may embody pa-
rametric linkages, they are view-specific, 
meaning that they do not carry forward to 
other views. Positional changes or size 
changes to a detail component within a sin-
gle callout view do not impact the position or 
size of this component within other callouts. 
In other words, the act of detail-to-detail co-
ordination is operationally identical to the 
act of detail coordination in AutoCAD: in 
both cases, the detailer must expend 
thoughtful effort to manually update posi-
tions, configurations, hatch patterns, text-
based information, and so on. Because 
moving 2D line drawings between AutoCAD 
and Revit is trivially easy, Revit’s presumed 
advantage over AutoCAD is to some degree 
called into question. 

As an example consider the ubiquitous 
bearing angle in a cmu-backup brick wall. 
Such a wall modeled in Revit possesses a 
set of descriptive properties or attributes; 
the same wall modeled or drawn in Auto-
CAD is fundamentally limited to geometry (i. 
e. the wall doesn’t inherently possess de-
scriptive properties). To indicate a bearing 
angle in a Revit callout, a detailer may elect 
to model the bearing angle as a component, 
then to extrude it around all or part of the 
building, and to parametrically link it to the 
wall. Alternatively, a 2D representation of 
the angle may simply be inserted as a com-
ponent within the callout view. But in either 
case, the callout view which eventually finds 
its way to the construction document set is 
“finished” in a 2D drafting mode analogous 
to the use of AutoCAD (where the angle is 
drawn within the detail view as a simple 2D-
drafted object). 

 

 

Capabilities and Limitations of Revit 

Seen within the primary purpose of the 
course, the detail assignment submittals 
foreground ways in which multiple tools and 
media can be used productively to support 
the act of architectural detailing. In particu-
lar, student responses to the exercises high-
light Revit’s success as building information 
management software, illustrating its ability 
to change information quickly at the scale of 
the whole building. But, the same student 
responses also suggest that Revit does not 
possess uniformly clear advantages over 
other media in the act of detail production. 
Instead, many students found that because 
of the ease with which 2D detail drawings 
can be transferred between AutoCAD and 
Revit, it was more efficient for them to use 
AutoCAD for the production of detail draw-
ings, and Revit to support the building 
model and building-level changes. A limited 
number of students responded similarly 
through the use of hand-drawn details. 

As discussed in the previous section, Revit 
possesses the capability to automate con-
text by means of comprehensively estab-
lished linkages between elements and com-
ponents throughout a building model. As a 
consequence of the ease with which it per-
mits changes and modifications to model 
elements, Revit has a strong capability to 
capture and hold the attention of its users. 
But, while clearly enhancing production, the 
same capability has a vaguely troubling as-
pect. Precisely because use of the tool fo-
cuses immediate understanding of the con-
crete and specific, and because changes 
are so easy to make, it is easy for students 
to come to believe that Revit models pos-
sess a sort of “truth” not available through 
other means. This in turn suggests  that in 
the long term there may be  
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Figure 2.  Chart of student performance. 

a risk of students developing an overreli-
ance on Revit at the expense of other me-
dia. 

Through its multiple tracks of instruction, 
and particularly through the Revit assign-
ments (which required production of con-
tent), the course implicitly raised a set of 
questions of recurring interest to this pa-
per’s author2: what are the ways in which 
multiple tools and media can or should be 
used productively to support the act of ar-
chitectural design? To what degree does 
the use of a particular tool or medium in a 
design process limit the possible outcomes? 

Conclusions and Opportunities 

Student performance in the course (Fig. 2) 
was generally good, and student responses 
to the Revit assignments indicate the suc-
cess of the strategy of “introduction” rather 
than “instruction toward mastery.” There 
remain several opportunities for improve-
ment in the course structure, the most obvi-
ous of which are a streamlining  and inte-
gration of the multiple tracks of instruction, 
and expanded opportunities for Revit train-
ing. 

As examples of the kind of integration be-
tween tracks which might occur in a future 
course offering, the construction site project 
could be restructured to require the students 
to draw details from observation, or to cri-
tique details within a provided set of draw-
ings of the project. Or, details from the pre-
sented case studies could be made avail-
able for student critique or development 
based on an application of Allen’s patterns. 

Another approach to improved integration 
between multiple tracks of instruction would 
seek to identify commonalities between the 
pedagogy implied by Allen’s text (instruction 
through patterns) and the instruction of Re-
vit. Just as Allen posits “detail patterns” 
guiding the production of details, a future 
course could identify “Revit patterns” which 
guide the efficient and productive use of the 
software. The scale-shift discussed in an 
earlier section could be presented as one 
such pattern of use, as could the hierarchi-
cal definitions inherent in components and 
families. 

Because students enter into the course with 
varying degrees of experience with three-
dimensional modeling software, it would be 
appropriate in future course offerings to 
provide additional Revit training as an op-
tion to interested students. This additional 
training could happen in a workshop format, 
which could be held within class time or 
outside it. But, as Stephen Mamber writes: 

 “[...i]f digital media courses aren’t 
closely tied to conceptualizing the na-
ture of the technology itself, they run the 
danger of becoming supervised soft-
ware tutorials. .... To teach digital media, 
then, is to produce a new form of hybrid 
student who has gone beyond the paro-
chial separations of production and the-
ory.”3 
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Abstract 

Architecture students often inadequately 
address and misrepresent issues of building 
enclosure in their design projects, revealing 
a general lack of understanding of the sub-
ject matter. This paper will examine how we 
can provide students with a set of diagram-
ming and evaluation tools which allows 
them to find appropriate design solutions for 
building envelopes. 

As educators and researchers in the field, 
we have a responsibility to help students 
realize the importance of building skins and 
their potential as components of sustainable 
low-energy architectural concepts. We 
should educate students on how these intel-
ligent envelopes function, which technolo-
gies and materials are commonly used, and 
how they are detailed, assembled, and in-
stalled. 

By employing investigation techniques that 
are specifically developed for a studio envi-
ronment, students are encouraged to ana-
lyze building skins and their various func-
tions. A set of criteria that includes strate-
gies for orientation, daylighting, ventilation, 
shading, and insulation helps students to 
make decisions and allows them to inte-
grate and apply these concepts during the 
earliest stages of design.  

As a result, students are able to acquire a 
palette of drawing techniques and evalua-
tion tools which assist them in designing 
building skins that adequately respond to 
varying climatic conditions and regional con-
texts. This approach to diagramming a 
building and its envelope has potential to 

greatly influence and improve sustainable 
design processes. 

The Status Quo 

During their architectural education, stu-
dents are influenced considerably by the 
current state of the built environment and 
the significant changes it has undergone 
since the arrival of low-cost fossil fuels.  

Before inexpensive energy was widely 
available, the efficient use of energy for 
heating and the principles of solar energy 
gain were important criteria in the design of 
a building and its envelope. Orientation of 
the building, its exposure to sun and wind, 
the choice of materials and the detailing of 
the building skin were all directly influenced 
by the local conditions, such as climate, to-
pography, availability of building materials, 
as well as local construction knowledge and 
craftsmanship. Over time, this led to the 
evolution of a building culture which demon-
strated a direct relationship between the 
functional criteria of a building and its exter-
nal appearance, a connection that can still 
be found today in traditional buildings (Fig. 
1). However, the arrival of inexpensive fossil 
fuels has inflicted a dramatic change on this 
building tradition, and it seems like the influ-
ence of local conditions on the design of a 
building and its envelope is not always a 
critical factor today (Fig. 2).  

More recently, the continued effects of 
global warming and the growing realization 
that fossil fuel supplies are limited have led 
us to rethink the way we design buildings 
and their envelopes. These issues were first 
raised and addressed by Olgyay and others 
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in the 1960s and 1970s, but it appears that 
many design concepts and strategies de-
veloped during that time have been forgot-
ten. Professional practice as well as the 
general public have identified the need to 
evolve and build upon these important sus-
tainable design principles, and the architec-
tural education in our schools deserves con-
tinued re-examination in order to push the 
boundaries further. 

Design Strategies 

Students typically obtain technical knowl-
edge in lecture-format courses, but often 
struggle to incorporate the acquired infor-
mation into their design studio projects. Al-
though there is a strong desire by both stu-
dents and faculty to better integrate this 
type of material, it can be difficult to make 

technology readily accessible in a studio 
environment.   

There are many strong environmental de-
sign strategies and diagramming techniques 
that deal with the building as a whole (e.g. 
“Sun, Wind, & Light” by G.Z. Brown and 
Mark DeKay), but there seem to be few ex-
amples that address design and perform-
ance of components, such as the building 
envelope, in detail. In an effort to build upon 
what has been taught before, a more sys-
tematic design approach for the building 
skin could be very useful as a different de-
livery system for educational purposes in 
the studio. The challenge is to not only en-
gage design students, but also the design 
instructors. The vast amount of material can 
be overwhelming at times and needs to be 
organized and made more accessible to 
both. Students and instructors alike should 
be familiar with the concepts so that they 
can take the information and make it their 
own.  

The design strategies that are subsequently 
explored are specifically developed for the 
3rd-year integrated design studio at The 
University of Texas at Austin, but could be 
used and applied in any other studio envi-
ronment. This intensive design studio inte-
grates issues of structure and systems for 
the first time, and therefore is the summa-
tion of the student’s design-oriented work 
from the previous four semesters of studios. 
The project completed in this studio should 
demonstrate broad capabilities in construc-
tion technology, climate technology, form 
and experiential factors, as well as socio-
logical and humanistic design concerns. 

Through personal experience, many stu-
dents are unaware of the wide range of es-
sential functions the building envelope has 
to fulfill, and we as instructors should put an 
even stronger emphasis on the fact that its 
performance has a significant impact on the 
overall energy concept of a building. While 
the students actively engage in the design, 
integration, and detailing of structure and 
systems, the general need for a systematic 

 

Figure 1.  Traditional architecture 

 

Figure 2. Architecture today 
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design approach regarding a building’s en-
closure is apparent. 

In order to improve the students’ design 
skills, a simple but effective set of strategies 
is being developed which will allow them to 
understand the influencing environmental 
factors and will assist them in finding appro-
priate design solutions.  

Diagramming Approach 

In a typical studio setting, we teach our stu-
dents how to generate parti diagrams, site 
analysis diagrams, space planning dia-
grams, and structural diagrams. We train 
them to graphically represent and capture 
the essence of their design intentions, and 
how they can best use these drawings and 
sketches to inform their design ideas. Dia-
grams of this kind are a very common start-
ing point for a designer, and most of the 
time they are done instinctively. However, if 
one considers the building’s enclosure to be 
an important subsystem besides structure, 
mechanical systems, and spatial framework, 
obvious deficiencies in the design and dia-
gramming process of a building can be 
found (Fig. 3).  

There are many regional architectural prac-
tices and also larger international firms that 
employ diagramming techniques for the 
conceptual development of building enve-
lopes in their projects in order to adapt them 
better to the climate. Similarly, the strate-
gies initiated in this paper put an emphasis 
on the use of schematic drawings and 
sketches that can serve as a reference for 
the design of the building skin and its com-
ponents. Diagrammatic sections and plans 
can be tremendously helpful in determining 
a building envelope’s functional require-
ments, assembly, detailing, and material 
selection. 

Design Process 

Initially, students are introduced to the basic 
tasks a building and its enclosure have to 
perform, and important functional criteria 
with respect to the building envelope are 
discussed. Building skin typologies and fun-
damental principles of assembly are ex-
plored and provide the design student with 
the basic knowledge and vocabulary neces-
sary for developing successful envelope 
concepts (Fig. 4).  

Once these essential design criteria have 
been established, the first and most impor-
tant aspect for students to consider in de-
signing the building and its skin is the re-
gional climate. By locating their building site, 
students are able to determine the applica-
ble design climate which comes with its own 
set of design priorities.  

Closely following these priorities, students 
then proceed to develop their own generic 
design solutions and corresponding dia-
grams for the problem at hand. The result-
ing diagrams allow them to start making ba-
sic assumptions regarding the makeup of 
the building envelope with respect to the 
specific climate zone. Students will generate 
a set of schematic envelope assemblies 
which will serve as a useful reference 
throughout their design process. Now that 
the foundation for developing and detailing 
the building skin has been laid, they will be 

 

Figure 3.  Design diagrams 
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able to translate these findings into worka-
ble solutions that will suit their design intent.  

Starting with a more comprehensive de-
scription of the fundamental design criteria, 
these strategies and diagramming tech-
niques are subsequently explored in more 
detail. 

Comfort 

The primary task of a building’s enclosure is 
to regulate the external climate conditions in 
order to provide comfortable internal condi-
tions for the occupants. Wall and roof sur-
faces need to respond to local climatic 
situations and if necessary modify their ef-
fects on the interior. The physical needs of 
the user are the determining factors for the 
design of the building envelope. These com-
fort factors include indoor air temperature, 
mean radiant temperature, air velocity, rela-
tive indoor humidity, and illuminance (Fig. 
5).  

All of these conditions affect the human 
body simultaneously, and one parameter 
may be adjusted to compensate for another 
without causing discomfort. Certain combi-
nations of these parameters result in what 
most people in our society would consider 
comfortable conditions. Psychro-metric 
charts establish a relationship between air 
temperature and relative humidity while 
mean radiant temperature and air move-
ment remain constant, and as a result these 
graphs are able to analyze and locate com-
fort zones.  

However, comfort levels vary among peo-
ple, and influencing factors include culture, 
gender, body type, clothing, and physical 
activity. Consequently, an individual’s ability 
to control and regulate the comfort-related 
parameters by means such as operable 
windows, shading devices, or decentralized 
air-conditioning systems, has become in-
creasingly important. 

It is important to note that with the exception 
of relative indoor humidity, all comfort-
related parameters can be directly con-
trolled and manipulated through appropriate 
conception and design of the building skin. 
This should serve as a guiding principle for 
students throughout the design process. 

 

Figure 4.  Design process 

 

Figure 5.  Comfort 
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Functional Criteria 

Buildings today are made up of several 
subsystems: the load-bearing structure, the 
mechanical systems, the interior spatial 
framework, and the building envelope. The 
building skin is the dominant system of all 
subsystems and has to fulfill a wide range of 
essential functions. Students have to realize 
that the performance criteria for the roof and 
façade involve more than just the general 
protective functions of insulation and water-
proofing. When developing concepts for the 
building envelope, they should consider the 
following functional criteria: 

Weatherproofing 
Protection from Water and Wind, Control of 
Water Vapor Diffusion 

Daylighting 
Control of Light Transmission, Visual Con-
tact, and Transparency 

Ventilation 
Control of Air Flow 

Insulation 
Control of Heat Transfer and Solar Energy 
Gain 

Shading 
Protection from Sun, Glare Control 

Soundproofing 
Control of Sound and Noise Transmission 

Structure 
Transfer of Lateral and Gravity Loads 

Safety and Security 
Visual Protection, Fire Protection, Intrusion 
Protection, etc. 

Variability and Control 
Adjustability to Changing External Condi-
tions  

Aesthetic Face of the Building 
Representation to the Outside 

Assembly Criteria 

In order for students to gain a proper under-
standing of the complexities involved, it is 
important to introduce them to the different 
typologies by which building envelopes can 
be classified. Not only will students be made 
familiar with fundamental design principles, 
but this process will also provide them with 
the basic knowledge and vocabulary neces-
sary for professional practice. 

Load-bearing/Non Load-bearing Building 
Skins 

The differentiation between load-bearing 
and non load-bearing building envelopes 
results from two different historic construc-
tion principles. First, there is the method of 
creating simple shelters by stacking stones 
or tree trunks to provide protection from the 
elements. These load-bearing wall types are 
by and large bend- and compression-
resistant structures and are typically made 
of clay, masonry, timber, and reinforced 
concrete. The second, equally ancient 
method is the construction of enclosures by 
means of stretching animal skins, leaves, or 
woven blankets over simple load-bearing 
structures made of sticks or poles. These 
types of structures can be considered the 
predecessors of modern curtain wall façade 
systems since they are the first example of 
separating vertical load transfer from other 
functions of the building envelope. While 
load-bearing building skins have certain lim-
its, separating the building enclosure from 
the structure opens up a number of possi-
bilities with regards to transparency, the use 
of materials and components, as well as the 
aesthetic expression of a building. Most 
contemporary architecture tends to separate 
the structure from the skin, but there are 
also recent developments, for example ten-
sile structures, that go to the other extreme 
and explore the concept of minimal load-
bearing exterior skins that combine a multi-
tude of functions. 
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Single-shell/Multiple-shell Building Skins 

Another important aspect for students to 
consider when exploring envelope designs 
is the fact that the external skin is made of 
individual shells. A shell can be defined as a 
material layer that is separated from other 
layers by an air cavity. The building enve-
lope itself can consist of a single shell, or it 
can be made up of multiple shells, and it is 
crucial for students to distinguish between 
these two different concepts. The configura-
tion of individual layers as part of the exte-
rior wall influences its essential functions 
such as insulation, protection from wind and 
sun, and more importantly the ability to 
adapt to changing external climatic condi-
tions or user requirements. In a single-shell 
building skin, which essentially constitutes a 
monolithic wall, a single building material 
more or less has to assume all critical func-
tions. By dissolving a wall into individual 
shells, each layer can be optimized to per-
form a certain task as part of a whole enve-
lope system. As a result, appropriate build-
ing materials can be selected which are tai-
lored to carry out specific functions. A multi-
ple-shell external wall for instance can con-
sist of a thin, lightweight weatherproofing 
layer on the outside to protect against sun, 
wind, and rain, an insulating layer behind it 
to provide good thermal insulation, and a 
light drywall system on the inside to form 
the solid room enclosure and finish off the 
interior.  

Single-layered/Multi-layered Shell As-
semblies 

Just as the building envelope can be made 
up of multiple individual shells, the shells 
themselves can be assembled of one or 
more layers which can aid considerably in 
improving their specific properties. A multi-
layered shell consists of several layers 
made of the same or different building mate-
rials which are then linked to form a single 
solid composite assembly. A cavity wall 
serves as a good example where the brick 
veneer on the outside forms a single-
layered shell while the backup wall made of 

studs, plywood sheeting, water barrier, and 
insulation can be categorized as a multi-
layered shell. 

Transparency/Translucency/Opacity 

Lastly, the ability of the building skin to 
transmit solar radiation in the form of energy 
and light is an important factor when it 
comes to the overall energy concept of a 
building. By carefully considering the degree 
of radiation that is allowed to penetrate the 
building envelope, it is possible to regulate 
lighting levels, heat gain, as well as the use 
of solar energy. This allows for the modifica-
tion and adjustment of external climate con-
ditions in order to provide suitable and com-
fortable internal conditions which meet the 
needs of the occupants. All these different 
classification criteria offer numerous possi-
bilities and design solutions for building en-
velope systems. Students should be aware 
that the correct arrangement of individual 
shells and layers as well as their ability to 
transmit light and energy is critical since it 
can significantly increase a building skin’s 
performance and life span, while keeping 
maintenance to a minimum. 

Relationship to Structure 

It is important for students to realize that the 
relationship of the building envelope to the 
load-bearing structure has a significant im-
pact on its detailing, performance, as well 
as appearance. In general, non load-
bearing facades can be placed in several 
positions: in front of the structure, on the 
front face of the structure, in the same plane 
as the structure, on the rear face of the 
structure, or behind the structure (See Fig. 
6). These geometric relationships determine 
the extent of envelope penetrations, the de-
tailing of connections, and the structure’s 
role as an expressive architectural element. 
The final positioning also considerably influ-
ences the building skin’s performance with 
regards to deformations, thermal bridges, 
soundproofing, and weather-proofing. 
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Building Grids 

Many students often struggle with the di-
mensional coordination of structure and 
building envelope. Building grids as three-
dimensional coordinate systems are essen-
tial in establishing the position of building 
components as well as their relationship to 
each other. Often, primary structural grids 
are used for load-bearing elements while 
secondary planning grids help to locate non 
load-bearing components such as envelope 
systems. Facade and structural grids can 
coincide or be offset, and students should 
be aware that their arrangement influences 
the efficiency and regularity of envelope 
modules and as a result, the overall design 
and appearance of a building (Fig. 7). 

Design Climates and Priorities 

After establishing the preceding essential 
design criteria for the building envelope, the 
first and most important aspect for students 
to consider is the regional climate within 
which they will be working and designing. 
Each climate can be defined by tempera-
ture, humidity, wind speeds, and sunshine, 
and comes with opportunities as well as re-
strictions. Depending on location, different 
climate conditions can be advantageous or 
unfavorable (Fig. 8).  A building has to op-
erate within these given parameters, and 
maximizing the use of opportunities while 
minimizing the negative effects of the spe-
cific climate zone is the main goal of this 
design investigation. 

In the 1980s, the AIA Research Corporation 
established a set of design climates and 
priorities for the U.S. Department of Hous-
ing and Urban Development. This data is 
still valid today and can serve students as a 
useful first reference in developing design 
strategies for the building skin. The design 
climates zones can be organized in the fol-
lowing way (Fig. 9): 

 

Figure 6.  Building envelope in relationship to structure 

 

Figure 7.  Building grids: coinciding and offset ar-
rangements 

 

Figure 8.  Design opportunities and restrictions 



70 Building Technology Educators’ Symposium August 2006 Proceedings  
 

Climate Reference City 
 
Climate 1:  Hartford, Connecticut 
Climate 2: Madison, Wisconsin 
Climate 3: Indianapolis, Indiana 
Climate 4: Salt Lake City, Utah 
Climate 5: Ely, Nevada 
Climate 6: Medford, Oregon 
Climate 7: Fresno, California 
Climate 8: Charleston, South Carolina 
Climate 9: Little Rock, Arkansas 
Climate 10: Knoxville, Tennessee 
Climate 11: Phoenix, Arizona 
Climate 12: Midland, Texas 
Climate 13: Fort Worth, Texas 
Climate 14: New Orleans, Louisiana 
Climate 15: Houston, Texas 
Climate 16: Miami, Florida 
Climate 17: Los Angeles, California 

As a first task, students are asked to locate 
their building site which will determine the 
applicable design climate zone. The selec-
tion of the design climate will automatically 

provide them with a specific set of design 
priorities. However, students have to keep 
in mind that these priorities should only be 
used as a starting point. It might be neces-
sary to make adjustments to account for the 
local microclimate, especially for building 
sites near the border between climate 
zones. Closely following these priorities, 
students can then proceed to develop their 
own generic design strategies in order to 
modify the climate to achieve maximum en-
ergy efficiency and human comfort. To illus-
trate how this process works, the following 
example is selected and explored through 
the individual steps of determining possible 
design solutions for the building envelope.  

Example: Students are asked to design a 
project located in Houston, Texas, which 
places them in climate zone 15. The AIA 
Research Corporation data provides them 
with the following design priorities: 

1. Keep hot temperatures out during 

 

Figure 9.  Design climates according to the AIA Research Corporation 
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the summer. 

2. Allow natural ventilation to both cool 
and remove excess moisture in the 
summer. 

3. Protect from the summer sun. 

4. Avoid creating additional humidity 
during the summer. 

5. Protect from the cold winter winds. 

6. Let the winter sun in. 

7. Keep the heat in and the cool tem-
peratures out during the winter. 

Design Solutions 

As individuals or in groups, students will 
start to develop possible solutions for each 
design priority and will set up a series of 
diagrams taking into account orientation, 
ventilation, shading, daylighting, insulation, 
and weatherproofing. Finding appropriate 
answers to the design problem at hand will 
be a relatively simple and straightforward 
exercise as long as they keep the estab-
lished guidelines in mind.  

The following is a selection of possible de-
sign solutions and corresponding diagrams 
in response to the specific design priorities 
for Houston, Texas. 

Design Priority 1: Keep hot temperatures 
out during the summer. 

Possible Design Solutions: 

a. Use compact designs to keep sur-
face-area-to-volume ratios to a 
minimum (Fig. 10). 

b. Site buildings into the ground to 
benefit from cooler temperatures. 

c. Use vegetation and shading struc-
tures to maintain cool ambient air 
around the building and to prevent 
reflection of sunlight into the win-
dows. 

d. Use sufficient insulation in the build-
ing envelope. 

e. Use double glazing and movable in-
sulation over windows to be used 
during the day when a space is un-
occupied. 

f. Isolate heat and moisture producing 
rooms (kitchen, laundries, etc.) from 
the rest of the house. 

g. Zone buildings so that certain 
spaces are cooled only when occu-

 

Figure 11.  Design solution 1h 

 

Figure 10.  Design solution 1a 
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pied. 

h. Use light-colored or highly reflective 
building surfaces to minimize solar 
heat gain (Fig. 11). 

Design Priority 2: Allow natural ventila-
tion to both cool and remove excess 
moisture in the summer. 

Possible Design Solutions: 

a. Keep enough distance between 
structures to allow for maximum air 
movement around and through the 
building. 

b. Orient buildings to capture the pre-
vailing winds (Fig. 12). 

c. Elevate the main occupied floor to 
avoid the high humidity found near 
the ground and to take advantage 
of higher wind velocities. 

d. Maximize cross ventilation by using 
large openings on both the wind-
ward and leeward sides of the 
building. 

e. Use open floor plans for cross ven-
tilation. Use high and low openings 
to benefit from the stack effect. 

f. Use double roofs to allow the wind 
to extract the hot air collecting be-
tween the two roof surfaces (Fig. 
13). 

g. Use double-height spaces for verti-
cal air movement and to benefit 
from stratification. 

h. Induce ventilation through solar 
chimneys on calm days or in areas 
with no summer winds (Fig. 14). 

i. Use roof openings to vent both attic 
spaces as well as the whole build-
ing. 

Design Priority 3: Protect from the sum-
mer sun. 

Possible Design Solutions: 

a. Orient the short sides of the building 
to the east and west and avoid win-
dows on these facades if possible 
(Fig. 15). 

 

Figure 12.  Design solution 2b 

 

Figure 13.  Design solution 2f 

 

Figure 14.  Design solution 2h 
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b. Use the shape of the building to pro-
vide shade for itself (e.g. cantilever 
floors, balconies, court-yards) 

c. Use exterior shading devices on all 
windows. 

d. Protect exterior wall surfaces, espe-
cially the west façade, from the sun 
with porch and trellis systems (Fig. 
16). 

e. Use movable shading devices that 
can retract to benefit from full sun 
penetration in the winter. 

f. Use open rather than solid shading 
devices to avoid trapping hot air in 
front of windows. 

g. Use light-colored or highly reflective 
building surfaces to minimize solar 

heat gain, especially on the roof and 
the west façade. 

h. Use planting to shade the building. 
Evergreen trees are best used on 
the east, west, and north sides. De-
ciduous plants are most appropriate 
to provide shading for the southeast, 
the southwest, and the roof. 

Design Priority 4: Avoid creating addi-
tional humidity during the summer. 

Possible Design Solutions: 

a. Ventilate kitchens, baths, and other 
moisture-producing spaces to the 
outside in order to remove excess 
moisture. 

Design Priority 5: Protect from the cold 
winter winds. 

Possible Design Solutions: 

a. Use compact designs to minimize 
surface area exposure to the wind. 

b. Place utility spaces such as garages 
and storage rooms on the windward 
side to protect occupied spaces from 
cold winter winds. 

c. Minimize openings on the side fac-
ing the wind (Fig. 17). 

 

Figure 15.  Design solution 3a 

 

Figure 16.  Design solution 3d 

 

Figure 17.  Design solution 5c 
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d. Use tight construction and high-
quality windows and doors to reduce 
winter infiltration. 

e. Plant or build barriers against the 
wind (Fig. 18). 

Design Priority 6: Let the winter sun in. 

Possible Design Solutions: 

a. Arrange spaces that profit the most 
from solar heat gain along the south 
elevation. Spaces that benefit the 
least such as utility spaces should 
be located along the north elevation. 

b. Use south-facing windows and 
clerestories. 

c. Use open floor plans to allow the 
sun and sun-warmed air to penetrate 
throughout the building. 

d. Use overhangs or shading devices 
that provide summer shade but ad-
mit the winter sun (Fig. 19). 

e. Use direct solar gain for effective 
passive heating. 

f. Plant deciduous trees which allow 
the winter sun to reach the building 
envelope while blocking the summer 
sun. 

Design Priority 7: Keep the heat in and 
the cool temperatures out during the 
winter. 

Possible Design Solutions: 

a. Use compact designs to minimize 
surface-area-to-volume ratios. 

b. Minimize window areas on all orien-
tations except south. 

c. Use sufficient insulation in walls, 
roofs, and around slab edges. 

d. Use double or triple glazing, low-e 
coatings, and movable insulation. 

e. Insulation should be continuous to 
prevent thermal bridges (Fig. 20). 

f. Arrange buffer spaces with lower 
temperature requirements such as 
utility rooms along the north facade. 

 

Figure 18.  Design solution 5e 

 

Figure 19.  Design solution 6d 

 

Figure 20.  Design solution 7e 
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Schematic Envelope Assemblies 

The design principles resulting from the 
previous exercise allow students to start 
making basic assumptions regarding the 
composition of the building’s enclosure. 
Since the diagrams were conceived in isola-
tion from each other and might even contra-
dict at times, students have to be careful in 
the selection, combination, and prioritization 
of design solutions. Paying close attention 
to the microclimate, site-specific issues, and 
surface orientation, they will be able to de-
velop generic wall sections for every façade 
of their design project (Fig. 21).  

Students can start to establish basic interre-
lationships of the individual layers that make 
up the building envelope, even without tak-
ing materiality and detailing into considera-
tion at this point. These diagrams will in-
clude exploring the placement of windows 
and doors, ventilation openings, shading 
devices, insulation layers, thermal storage 
mass, air cavities, and waterproofing mem-
branes. Students will be in a position to start 
addressing light and energy transmission 
through the building skin by investigating 
different degrees of transparency, translu-
cency, and opacity. Most importantly, they 
will be able to determine the role each indi-

vidual layer plays within the assembly, as 
well as the function and performance of the 
wall component as a whole. 

The establishment of generic wall sections 
concludes the pre-design of the building en-
velope. The conceived set of diagrams will 
serve as a useful guideline and reference 
throughout the students’ design process, 
and will assist them in generating strong 
design ideas that are in keeping with the 
regional climate requirements. 

Detail Design and Material Selec-
tion  

Now that the basis for developing the build-
ing and its envelope in detail has been es-
tablished, the next task is to synthesize the 
collected design information. The detailed 
buildup for the building’s skin can be devel-
oped, thicknesses and precise relationships 
of the individual layers can be determined, 
suitable materials for the specific design 
climate can be selected, and the integration 
with other systems can be coordinated. All 
these decisions have a significant impact on 
the architectural expression and external 
appearance of the building, and students 
should ensure they translate their findings 

 

Figure 21.  Schematic Envelope Assemblies 
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into feasible solutions that are in keeping 
with their initial design intent. 

Conclusion 

Architecture students are in need of a sys-
tematic design approach with regards to a 
building’s skin. By establishing essential 
design criteria, the strategies presented in 
this paper can inform the design and detail-
ing process of the building envelope and 
allow for a better integration of technical is-
sues into the studio setting. A set of care-
fully considered diagrams can formulate and 
illustrate important design priorities which 
will provide students with a better under-
standing of the subject matter.  

As part of a comprehensive architectural 
education, it is our responsibility as instruc-
tors to provide students with the necessary 
design tools. Not only will these strategies 
introduce them to the vocabulary they re-
quire to efficiently communicate with engi-
neers and façade planners, but more impor-
tantly, it will allow them to find appropriate 
design solutions for building envelopes that 
adequately respond to varying climatic con-
ditions and regional contexts.  

References: 

Allen, Edward. How Buildings Work. New 
York: Oxford University Press, 2005. 

Brock, Linda. Designing the Exterior Wall. 
Hoboken, NJ: John Wiley & Sons, 2005.  

Brown, G. Z., and Mark DeKay. Sun, Wind 
& Light. New York: John Wiley & Sons, 
2001. 

Herzog, Thomas, Roland Krippner, and 
Werner Lang. Facade Construction 
Manual. Boston, MA: Birkhäuser, 2004. 

Lechner, Norbert. Heating, Cooling, Light-
ing. New York: John Wiley & Sons, 
2001. 

Olgyay, Victor. Design with Climate. Prince-
ton, NJ: Princeton University Press, 
1963. 

Schittich, Christian. Building Skins. Boston, 
MA: Birkhäuser, 2001. 

The AIA Research Corporation. Regional 
Guidelines for Building Passive Energy 
Conserving Homes. Washington, D.C.: 
US Government Printing Office, 1980. 

 

 

 

 



 Hands-On:  The Pedagogy of Design/Build  77 

 

Hands-On:  The Pedagogy of Design/Build  
Jori Erdman, RA 
Clemson University 

 
Given the prevalence of design-build pro-
jects executed in architecture schools 
across the US, it is clear that the education 
of architects has expanded its role to em-
brace the acquisition of full-scale, hands-on 
knowledge of building.  This is can be seen 
as a largely technological subject, for it is 
technology that allows us to interact with the 
environment through the making of artifacts.  
As the quantity design/build explorations 
continues to increase, we must ask our-
selves how they relate to the pedagogy of 
our discipline and how these endeavors 
might be further embedded and enhanced 
through the re-thinking of traditional peda-
gogical models that divide architectural 
education into categories of design, repre-
sentation, history and theory, technology 
and professional practice.   

In addition to more fully developing an ac-
count of the current state of design/build 
programs, this proposal will present a peda-
gogical model that responds to the desire 
for students to engage in these types of pro-
jects as part of a more involved and thor-
ough educational system.  While there is not 
one clear objective in the variety of projects 
identified as design/build, it is clear that both 
students and educators alike find full-scale 
investigations to be of value in architectural 
education and therefore we are compelled 
to examine the pedagogical implications. 

Introduction 

The current state of most design/build pro-
grams is that they exist as isolated experi-
ences within the educational framework, 
without the sequential attention paid to other 
topics.  Most often these types of experi-
ences are adopted by the studio teacher as 

a way to explore a variety of issues, de-
pending on the individual interests of a 
critic, including:  community design/public 
service projects, purely design-based instal-
lations, materials based investigations, and 
most recently, explorations of the possibili-
ties of digitally driven processes as a 
method of production.  However, I know of 
no programs that seek to define the role of 
design/build within their curricula as a topic 
worthy of the iterative, sequential develop-
ment we find in other identified content ar-
eas. 

With technological questioning as the core 
of design/build pedagogy, technology 
courses, particularly those focused on mate-
rials and methods, are the most obvious 
place to begin introducing students to the 
exigencies of full-scale construction related 
to materials and processes.  Alongside the 
typical lectures on the properties and uses 
each material, students can simultaneously 
engage in laboratory exercises that develop 
their sensibilities about the other aspects of 
the materials and the ways in which they 
are used in the built environment.  This core 
knowledge and skill base will allow students 
a much more sophisticated response in their 
advanced studio projects and a heightened 
appreciation of the history of building pro-
duction.  Educational theory supports the 
heightened potential for knowledge acquisi-
tion with the introduction of this type of 
hands-on exercise. 
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Pedagogy of Hands-on:  Dewey and 
others 

Pedagogy simply means the art or science 
of teaching.  The term is commonly used to 
refer to the strategies and values held by 
certain individuals or institutions that are 
reflected in the ways that schools operate.  
Through curricular structure and content, 
teaching methods, and even class size, 
pedagogical aims are executed.  Pedagogy 
is an umbrella term that implies a deliberate 
and thoughtful approach to the ways in 
which knowledge and skills are imparted to 
students. 

John Dewey is probably the most well-
known philosopher/educator to expound the 
virtues of hands-on educational experiences 
as pedagogy.  Throughout his career he 

promoted this concept and executed it 
through the University Elementary School 
founded by Dewey at the University of Chi-
cago.  Although Dewey’s focus was primar-
ily on K-12 education, his work and writings 
about the virtues of hands-on learning can 
be extended to higher education.   

Dewey believed deeply that there was a 
scientifically provable connection in the 
mind between acting and knowing that pro-
vided for a significantly heightened ability to 
acquire knowledge through hands-on ex-
periences.  His writings provide many ex-
amples of his experiments and experiences 
to support this assertion.  In a superficial 
analysis, it might seem that Dewey was an 
advocate for a very basic type of vocational 
training rather than a more enlightened ap-
proach to the growth of intellect.  In fact, 
Dewey believed that the hands-on approach 

 

Figure 1.  Image from http://www.ucls.uchicago.edu/photo_album/1900s/images/playhouse.jpg the John Dewey ar-
chive at the University of Chicago. 
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actually opened the doors for more a more 
enlightened perspective on the world at 
large as well as the task at hand as illus-
trated in the passage below from his book 
The School and Society: 

The discussion of the Iron Age supplied 
a demand for the construction of a 
smelting oven made out of clay, and of 
considerable size.  As the children did 
not get their drafts right at first, the 
mouth of the furnace not being in proper 
relation to the vent, as to size and posi-
tion, instruction in the principles of com-
bustion, the nature of drafts and of fuel, 
was required.  Yet the instruction was 
not given ready-made; it was first 
needed, and then arrived at experimen-
tally.  Then the children took some ma-
terial, such as copper, and went through 
a series of experiments, fusing it, work-
ing it into objects; and the same experi-
ments were made with lead and other 
metals.  This work has been also a con-
tinuous course in geography, since the 
children have had to imagine and work 
out the various physical conditions nec-
essary to the different forms of social life 
implied.  What would be the physical 
conditions appropriate to pastoral life? 
to the beginning of agriculture? to fish-
ing?  What would be the natural method 
of exchange between these peoples?  
Having worked out such points in con-
versation, they have afterward repre-
sented them in maps and sand-molding.  
Thus they have gained ideas of the 
various forms of the configuration of the 
earth, and at the same time have seen 
them in their relation to human activity-, 
so that they are not simply external 
facts, but are fused and welded with so-
cial conceptions regarding the life and 
progress of humanity.  The result, to my 
mind, justifies completely the conviction 
that children, in a year of such work (of 
five hours a week altogether), get in-
definitely more acquaintance with facts 
of science, geography, and anthropol-
ogy than they get where information is 
the professed end and object, where 

they are simply set to learning facts in 
fixed lessons.  As to discipline, they get 
more training of attention, more power 
of interpretation, of drawing inferences, 
of acute observation and continuous re-
flection, than if they were put to working 
out arbitrary problems simply for the 
sake of discipline (Dewey, 63-65). 
 

In this example, the students are not just 
receiving a skills based education, or voca-
tional training, but are actually gaining 
knowledge about a variety of topics which 
can be supplemented by the more abstract 
lessons of in-class teaching.  I would not 
argue for a fully hands-on based education, 
particularly at the university level, but rather 
a look at the benefits of more fully incorpo-
rating this type of learning in our current 
system.  The studio as it exists is often 
touted as a great integrator for many differ-
ent topical areas due to the breath of com-
plexities in solved any architectural problem, 
even if only on paper.  However, as evi-
denced by the Dewey example, there are 
clearly increased learning opportunities 
when hands-on exercises are strategically 
included in an architectural curriculum. 

History of Hands-on Architectural 
Education 

Booker T. Washington established one of 
the most notable design-build programs 
when he decided that he could combine a 
learning opportunity for students with a 
need for buildings at the Tuskegee Institute.  
In this decade’s long experiment, students 
constructed over 40 buildings on the cam-
pus and also began a very successful en-
terprise of brick-making at the Institute.  
Washington based his concept for  
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vocational training on the model of the 
Hampton Institute founded by General 
Samuel Chapman Armstrong.  The General 
founded the Hampton Institute in Virginia as 
a center of higher learning and vocational 
training for African Americans and Native 
Americans following the end of the Civil 
War.  Booker T. Washington attended the 
Hampton Institute and later taught there be-
fore being hired to establish the Tuskegee 
Institute. 

Washington had a fairly practical rationale 
for the use of students in construction of the 
buildings on the Institute grounds:  he was 
driven both by a need for the buildings and 
by the need of students for income to sup-
port their education.  As he stated in  Up 
from Slavery:  An Autobiography, “Many of 
the students, also, were able to remain in 
school but a few weeks at a time, because 
they had so little money with which to pay 
their board. Thus another object which 
made it desirable to get an industrial system 
started was in order to make it available as 

a means of helping the students to earn 
money enough so that they might be able to 
remain in school during the nine months' 
session of the school year”(138). 

The students at Tuskegee were paid for 
their labor on the buildings while at the 
same time instructors used the construction 
as an opportunity to train and teach stu-
dents.  While the system was not without its 
critics, it certainly accomplished both goals 
and is not unlike many work-study programs 
in practice today.  “As soon as the plans 
were drawn for the new building, the stu-
dents began digging out the earth where the 
foundations were to be laid, working after 
the regular classes were over.  They had 
not fully outgrown the idea that it was hardly 
the proper thing for them to use their hands, 
since they had come there, as one of them 
expressed it, ‘to be educated, and not to 
work.’  Gradually, though, I noted with satis-
faction that a sentiment in favour of work 
was gaining ground” (Washington 143). 

 

Figure 2.  Image from Up from Slavery: An Autobiography by Booker T. Washington of student constructed building. 



 Hands-On:  The Pedagogy of Design/Build  81 

 

Washington continued to pursue this type of 
education for his students, echoing the val-
ues expressed by Dewey when he says, 
“My plan was not to teach them to work in 
the old way, but to show them how to make 
the forces of nature - air, water, steam, elec-
tricity, horse-power - assist them in their la-
bour” (Washington 148).  In this way, the 
seemingly simple tasks involved in con-
structing basic structures, became lessons 
about much larger and broader concepts.  
The value in this pedagogical model was 
not so much in the labor itself but in its po-
tential to educate, assuming there is a 
teacher involved who encourages students 
to see the larger issues, as well as a cur-
ricular structure that supports the overall 
system and understanding. 

In the intervening years since the last group 
of students completed a building project at 
the Tuskegee Institute, there was a long 
period of inactivity for hands-on projects.  
Anecdotal evidence suggests that many 
schools incorporated hands-on experiences 
in piecemeal fashion as opportunities pre-
sented themselves but these projects never 
became part of the agenda of any one 
school.  There is very little in the way of no-
table activity at schools until 1967 when 
Charles Moore began the building project at 
Yale University which continues today.  
Several more enduring programs have been 
initiated in last 15 years such as the Rural 
Studio by Auburn University and ARCH 804 
by the University of Kansas.1  However, al-
most every school in the US now sponsors 
such programs, albeit sporatic and individu-
alized. 

The Rural Studio at Auburn University is 
probably the most well-known and received 
of all the current design-build programs.  
This program began in 1993 under the 
guidance of Auburn University School of 
Architecture Professors, Samuel Mockbee 
and D.K. Ruth.  The first projects executed 
by the Studio were houses for families in the 
community of Mason’s Bend, Alabama.  As 
conceived of by Mockbee and Ruth, second 
year architecture students would spend a 

year designing and building a home for a 
family.  The program quickly expanded to 
include thesis projects for graduating stu-
dents and added programmatic typologies 
for community buildings. 

 

Figure 3.  Author’s visit to Rural Studio Project Spring 
2002. 

In its current incarnation, the Rural Studio 
consists of three programs:  the second 
year program; the thesis program and the 
outreach program.  While it would seem-
ingly have great impact on the overall struc-
ture and content of the curriculum, there is 
little evidence that this is the case.  The 
stated mission and objective of the Studio is 
to engage students with community in the 
service of a greater good.  While certainly 
this is laudable and has some educational 
value, the educational benefits of this type 
of program do not seem to be fully explored 
by Auburn.2 

Literature Review 

William Carpenter, in his 1997 book, Learn-
ing by Building:  Design and Construction in 
Architectural Education gives an overview of 
design-build programs at some institutions.  
Some of them no longer exist as presented 
in his text.  Carpenter focuses on the learn-
ing benefits as they relate to design and a 
students understanding of the complexities 
of project execution.  He discusses the no-
tion of craft as related to the full-scale con-
struction of projects and also spends some 
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energy on a discussion of the good that 
such projects can do in the community.  His 
basic suggestion for curricular change, 
however, remains rooted in the sense that 
these types of projects are studio projects 
and should focus on craft and form-making 
as the major learning opportunity.   

Carpenter’s book also neglects to incorpo-
rate a serious critique of design-build as 
pedagogy; instead he relies to a great ex-
tent on the self-reported successes of each 
program.  Many of the programs are driven 
by the particular interests of a given faculty 
member and suffer from a lack of wholesale 
buy-in from a faculty.  There is little evi-
dence of the success of these programs, 
other than some anecdotal evidence of stu-
dent’s satisfaction with the experience of 
participating in the programs. 

Ernest Boyer and Lee Mitgang’s special re-
port titled, Building Community: A New Fu-
ture for Architecture Education and Practice 
published in 1996 makes some mention of 
design-build programs but does not focus 
on this mode of teaching in particular.  
However, the report does make two impor-
tant assertions that have bearing on this 
paper.  The first assertion is a call for a 
“connected curriculum,” in which critical 
thinking plays a large part in the students 
success.  They discuss a curricular model 
that is both broad but also where courses 
with the discipline relate strongly to one an-
other.  The second assertion is their call for 
“service to the nation.”  In this chapter Boyer 
and Mitgang challenge schools of architec-
ture to take on models of engagement and 
the generation of new knowledge, thus be-
coming better participants in the world and 
in education.   

The observations outlined above relate to 
the questions of design-build pedagogy both 
directly and indirectly.  The “connected cur-
riculum” concept emphasizes the impor-
tance of inter-relating course work for edu-
cational gain.  Thus, design-build programs 
that exist as an isolated experience within a 
curriculum fail to achieve their maximum 

potential for learning.  The service challenge 
is one that many, but not all, design-build 
programs attempt to address by doing 
community projects and low-income hous-
ing projects.  The report has been extremely 
influential over the past decade as schools 
of architecture try to meet the challenges 
posed by Mitgang and Boyer, but much 
work still needs to be done to fully integrate 
the hands-on experience into an architec-
tural education. 

One thing that should be noted is that with 
the term hands-on projects, I am referring to 
projects that involve students in projects 
that have full-scale material implications.  
This is to be distinguished from projects that 
involve architectural students with projects 
that make use of representational skills, of-
ten at great benefit to a community or indi-
vidual.  Hands-on projects can include tem-
porary installations, or permanent construc-
tions such as houses.  These projects may 
be conducted in service to community or 
simply for their own sake.  They may be en-
tirely hand crafted or in today’s world, may 
make use of digital processes.  In any case, 
the value is derived from the student’s inter-
action with real materials and full-scale con-
struction.  This type of hands-on experience 
can allow the student, in the words of John 
Dewey, “more training of attention, more 
power of interpretation, of drawing infer-
ences, of acute observation and continuous 
reflection.”  These are powerful tools in a 
changing world and a profession that will 
certainly see as radical transformation in our 
student’s lives as it has in ours. 
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Curriculum 

 

Figure 4.  Students working on construction project. 

The majority of architectural education pro-
grams in the United States are predicated 
on distinctions among five major compo-
nents of the discipline and profession: 1. 
Design, 2. History/ Theory, 3. Technology, 
4. Graphics, and 5. Professional Aware-
ness.  While design, in the form of studios, 
includes the possibility of incorporating the 
other components in various ways, these 
are almost always supplemented by lec-
tures and seminars in those content areas 
as well.  In the best programs, the reverse is 
also true; each of the topical areas of his-
tory/theory, technology, graphics and pro-
fessional awareness also include related 
design content.  The integration of content 
through iteration in other classes is a well-
documented, successful pedagogical strat-
egy for architectural education. 

The pedagogy of hands-on gives a school 
the opportunity to focus on full-scale making 
as a fundamental part of the architectural 
eduction. The distinctive attributes of a de-
sign-build focused curriculum include col-
laboration, stewardship, craft, and profes-
sionalism.  The primary goal of a hand-on 
curriculum is the acquisition of knowledge 
about materials and construction but could 
also include lessons in community service, 
delivery methods, budgeting, culture, his-
tory, etc.  The underlining philosophy of 
hands-on is that architecture as practice 

and discipline contributes to the making of 
the built environment and that the education 
of an architect must prepare students think 
and respond constructively. 

While I have not yet found a program that 
fully focuses on a hands-on approach to 
architectural education as I am proposing, in 
executing projects and courses at two dif-
ferent schools, I have developed my own 
thoughts about how a curriculum could 
work.  Although these courses and projects 
were not part of an integrated curriculum, I 
offer my experiences as an example of how 
a curriculum could begin to incorporate a 
pedagogy of hands-on. 

To that end and for the purposes of this pa-
per, I would ask how can design-build pro-
grams, which are primarily the focus of stu-
dio projects, be strengthened and elevated 
by the inclusion of relevant content and 
skills-building through other course work.  It 
seems like a natural fit for technology 
courses to begin to underwrite a design-
build curriculum.  Materials and methods 
classes are inherently focused on many of 
the same issues that would support a de-
sign-build curriculum.  By incorporating 
hands-on exercises as part of the content in 
these classes, students can build a body of 
skills and knowledge that could later be im-
plemented in the execution of their own de-
signs. 

Foundations courses could begin the proc-
ess of teaching students to think through 
full-scale exercises.  At Drury University, 
where I taught from 1997-2000, they had a 
course titled “Construction Principles” that 
was required in the second year of a five 
year program.  The course was intended to 
fulfill what would typically be called Materi-
als and Methods.  The textbook for the 
course was Edward Allen’s Fundamentals 
of Building Construction and was supple-
mented with readings from Frank Ching’s 
Building Construction Illustrated.  I was 
scheduled to co-teach the course with the 
School’s Woodshop Supervisor, who had 
previously had a long career as a contrac-
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tor.  The course was scheduled to include 2 
hours of lecture and 2 hours of laboratory 
each week. 

 

Figure 5.  Students working on a detail by Tadao 
Ando. 

Our approach to the course was to focus on 
the primary methods of construction while 
also instilling in the students a sense of his-
tory and the role of building and culture 
within the built environment.  We followed 
the curricular model outlined by Ed Allen but 
also included readings on tectonics by Ken-
neth Frampton, Marco Frascari, and others.  
We supplemented the abstract lessons in 
the lectures and readings with hands-on 
experiments in the laboratory such as fram-
ing a stud-wall when we talked about wood-
frame and laying a brick wall when we dis-
cussed masonry.  We also made site visits 
to construction sites when available. 

In the second half of the semester, we chal-
lenged the students work in teams to study 
the methods and philosophies employed in 
the construction of 20th century master-
works.  Their studies included research 
through texts, drawings, photographs and 
finally, the construction of a full-scale replica 
detail from a building.  These details were 
installed at the entry to the School of Archi-
tecture as models for all to study but the 
primary educational lessons came to those 

students who were involved in the construc-
tion. 

A significant part of the value of this course 
can be derived simply from the title, Con-
struction Principles.  A focus on principles 
shifted our mindset from simple rote knowl-
edge to a quest for deeper understanding of 
the underlying forces at work in construc-
tion.  Instead of teaching students only 
about brick construction, we tried to get 
them to understand the principles of stack-
ing parts to create a whole.  In that lesson 
we looked at the entire history of the con-
structed world for examples and cultural and 
environmental contributors to the develop-
ment of the building method as used today.  
As part of an integrated hands-on curricu-
lum, this course would be a key component 
in teaching students the value of technology 
in their thinking and making as they proceed 
to upper level courses. 

 

Figure 6.  Graduate students studying a detail. 

In a graduate level design-build project that 
I was part of at Clemson University, we took 
another approach to hands-on construction 
when we worked with a local community.  
For this project, we required the students to 
not only take our studio, but also a seminar 
that could focus on issues related to culture 
and construction in the classroom.  The pro-
ject was not as focused on tectonic potential 
but more on cultural readings of place and 
construction.  I would argue that the project 
would have been much stronger if the stu-
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dents had come to the studio prepared to 
think about problems from a tectonic base 
rather than simply as a formal problem.  But 
it did teach me the value of an integrated 
curriculum where other courses can con-
tribute to a greater understanding of the 
complexity of a design/build project. 

 

Figure 5.  Graduate students in seminar. 

Conclusion 

The pedagogy of design/build has to be 
considered by any school wishing to be 
identified in that way.  The value of hands-
on experiences are clear, whether we are 
looking at John Dewey’s examples, or our 
own lives.  The problem with current pro-
jects is that they lack the rigor expected of 
other courses because they have not been 
fully integrated into a curriculum.  By focus-
ing on a curriculum that seeks to engage 
students through this model of learning, 
schools can elevate the status of these 
types of projects from one-off, formally 
based exercises, into highly sophisticated 
lessons that contribute to the base of 
knowledge, not just for the students them-
selves, but for the discipline and society. 
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Notes: 

1 The Yestermorrow School in Vermont has 
been teaching a Design-Build curriculum 
since 1980.  While this program is very suc-
cessful, this study is intended to focus on 
accredited schools of architecture that in-
corporate aspects of design-build, therefore 
I have left out a discussion of this school. 
 
2. Within the College of Architecture, Design 
and Construction at Auburn, there is a new 
program called a of Design-Build Masters 
degree begun in 2005.  This program 
seems to echo the initial directives of the 
Rural Studio but is not part of the program.  
The curriculum is not highly articulated and 
like the Yestermorrow School, does not give 
an accredited architecture degree. 
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Color in Technical Drawing 
 
A technical drawing mainly differs from a 
design drawing in the fact that it conveys 
greater detail of the physical relationships 
between various materials and their meth-
ods of assembly.  Communicating this pre-
cise information often results, by necessity, 
in rote working drawings that can be under-
stood by the contractors who must build the 
design.  Traditionally, technical drawings 
have been ‘black and white’ line drawings 
because of the necessity for low-cost blue-
print reproductions.  But the main purpose 
of any architectural drawing, whether design 
or technical, is to communicate the design 
intentions to the reader.   Therefore, new 
digital methods of graphic reproduction cre-
ate a new potential for technical drawings 
that can better communicate these inten-
tions, especially as a teaching tool in aca-
demia. 
 
The two-dimensional nature of working 
drawings is efficient in specifying exact di-
mensional relationships between materials 
but it flatness can make it difficult to distin-
guish what is drawn in section versus what 
is drawn in elevation.  Students, who typi-
cally have little experience with working 
drawings, often have a hard time reading 
them. A variety of line weights can help cre-
ate spatial depth but is still limiting in a black 
and white format.  Computer drafting can 
make line weight even harder to understand 
as thickness is replaced by color on the 
screen.  While a standard set of colors that 
tries to match heavier lines to advancing 
colors and lighter lines to receding colors 
can help imply thickness, students read col-
ors differently. Some see red as an advanc-
ing color and some see it as receding.  
Therefore they often create their own line 

weight-to-color assignments that make it 
even more difficult to read their work.  Plot-
ting the drawings is the only way to test the 
legibility and students are reluctant to stop 
and take the time to print. They think they 
understand what they are drawing even if 
others don’t. This reluctance to print pre-
sents problems since colored lines on a 
black monitor screen are the reverse image 
of the final drawing with “black” lines on 
white paper.  So a paradox of drawing on 
the computer is that while it has the poten-
tial for amazing graphics in a short period of 
time, the interface between screen image 
and paper image is more disconnected than 
drawing by hand. It takes practice, imagina-
tion and a lot of trial and error plotting to be 
able to visualize the final drawing from a 
screen image.   
 
 

 
 
Fig. 1 Wall Section of Padre Pio Church (Ben Liddick) 
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In terms of rendering patterns in black and 
white, material designations and symbols 
help distinguish between materials cut in 
section or shown in elevation as well as 
identify the materials themselves.  However 
not all symbols are universally accepted and 
while some help distinguish a material as 
different from what is next to it, they don’t 
always specifically identify it.  (i.e. glass, 
metal panel and even an open void can look 
the same in elevation) New methods of 
color reproduction can be helpful to more 
clearly identify materials. The computer pro-
vides us with the ability to quickly add tone, 
color, texture, shading, etc. to explain and 
enhance the reading of a drawing.  Another 
key aspect of computer drawing is of course 
speed.  In the days of hand drawing it could 
take hours to apply tone films or hand stip-
ple. Therefore it rarely justified the expense.  
Now a 2-second click of the mouse can 
render any size area and allow for multiple 
testing of different patterns to find the best 
result. The time versus cost factor is now 
mostly irrelevant. Therefore the use of color, 
texture and shading in technical drawings 
has applications for students who are just 
learning about construction by being able to 
easily and clearly identify the parts. 
 
An initial question I had was whether this 
project should be done in three dimensions 
rather that two.  With all the new software 
available we have the ability to create 3-
dimensional drawings that solve the ‘flat-
ness’ problem of working drawings.  How-
ever I chose to stay with 2-dimensional 
drawings for two main reasons.  First, this is 
a class that is teaching students issues of 
detailing for the first time, at least at this 
level.  They have had prior introductory 
building technology courses, but the lec-
tures only lightly covered issues of material 
assembly and too much of it seemed to be 
forgotten by the time they get to this class.  
Therefore I feel it is easier for the novice 
student to approach detailing from two di-
mensions first.  The second reason is that 
even though we have digital technology 
available to produce 3-dimensional draw-
ings, the vast majority of firms today are still 

producing mostly 2-dimnesional details.  
The reasons for this may be inertia, people 
stay with working methods they are familiar 
with; or it may be for clear communication, 
all trades including engineers, consultants 
and contractors understand this format.  
Regardless of the reason it is the most 
common language for communicating de-
tailed construction information and needs to 
be understood by students.  In the future, as 
technology advances and becomes more 
common, this approach will need to be 
adapted or discarded. 
 

 
 
Fig. 2 Detail of Beyler Museum (Kevin Hollenbeck) 

Procedure 
 
The course in which we study technical 
drawing is a fourth-year construction docu-
mentation class that utilizes AutoCAD as 
the primary program for investigation.  
(While this program may not be the best, its 
popularity in the profession still necessitates 
its use, for now) When I started teaching the 
class this past year, I significantly changed 
its focus. Before, the class concentrated 
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more on the creation of a set of working 
drawings on the computer. All aspects of a 
set of drawings were taught from schedules 
to stair sections. I noticed that many stu-
dents already know some of the basics of 
working drawings from working in offices 
where they will also acquire many firm-
specific techniques while working as interns.  
On top of this I found a severe lack of un-
derstanding of construction techniques.  As 
I felt the understanding of detailing more 
important to students than creating door 
schedules, I changed the emphasis from a 
computer-drafting course to a course on 
construction detailing and documentation 
using CAD.  
 

 
Fig. 3 Detail of Paul Klee Museum, Nicole Sandruck 
 
The course is taken concurrently with a 
fourth-year design studio in tectonics that I 
also teach.  The first exercise of the studio 
is a six-week design project for a small-
scale building that uses structural steel as 
its main support system.  When the design 

portion of that project is complete, it is 
moved into the detailing class to be devel-
oped in technical detail for the remaining 9 
weeks of the semester.  By the end of the 
semester the students (as well as I) have 
spent the entire time on a single project, 
thereby producing a well-developed building 
design. While they were designing their stu-
dio project for the first 6 weeks, I needed a 
good project for the documentation course 
to prepare them to detail their own work 
later.  Therefore the first project in the 
documentation class investigates the mate-
rials and methods of assembly of a promi-
nent existing building.  It then demonstrates 
how rendering can describe the building’s 
materiality and add a sense of three-
dimensional space.  This project also allows 
for those less knowledgeable of AutoCAD to 
catch up with the more advanced. 
The students choose a building from a short 
list (this semester all were by Renzo Piano) 
and are required to document a detail and a 
wall section from it. Since wall sections of a 
student’s own design are rather rudimentary 
at this time, detailing an existing building 
helps focus on learning about drawing and 
construction techniques of a master.  Build-
ings I select should meet certain criteria to 
facilitate success. They must have ade-
quate documentation in drawings and pho-
tographs, be of a low to medium height, and 
have a rich diversity of materials. Students 
first draw a detail of the building as a line 
drawing in AutoCAD to learn about con-
struction materials and techniques as well 
as drawing standards. They must scale the 
published drawings and convert them into 
measured drawings in CAD.  This is the first 
step in understanding the scale issues of 
real materials.  When the drawing is well 
developed, it is exported into Adobe Photo-
shop and/or Illustrator to be rendered. 
These programs allow for more rendering 
options than AutoCAD. After an in-class re-
view of the most useful commands of these 
programs, they add color, texture and shad-
ing to describe the materials used in the 
construction. They then add critical written 
text and dimensions to convey the scale 
and physical relationships between sys-
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tems.  If they have rendered the materials 
well they should not have to add many writ-
ten notes as the drawing should speak for 
itself. They then repeat this process for a 
wall section of the same building. This is 
why a shorter building is preferred so that 
the printed scale can be as large as possi-
ble. From the detail they expand outward to 
show it in its context within the building en-
velope. Starting with the detail establishes 
the multiple layers of construction used.  
Expanding the detail into a section reveals 
the scale. A major benefit to adding color is 
that the student must learn the exact identity 
of each material in the wall section to render 
it correctly.  With line drawings, a mysteri-
ous empty space in a wall could be read as 
the side of a beam, an air space or insula-
tion.  In a colored rendering it must be posi-
tively identified to drawn correctly so they 
student must be diligent in their study. 

At the end of this first project, they have 
gained a better understanding of the con-
struction sequence, the distinction between 
structure and envelope materials and some 
basic ideas about assembly details.  They 
can then carry this acquired knowledge into 
the detailing of their own design for the rest 
of the semester. 
  
Whether or not graphic reproduction tech-
niques will ever become fast and cheap 
enough to use color in the profession, this 
technique still can prove useful as a teach-
ing tool to help students understand the 
complexities of construction.  The additional 
process of adding color can transform, in 
the student’s eyes, what they perceive as a 
potentially dry working drawing into a design 
drawing.  Therefore they will hopefully un-
derstand detailing for what it is, another in-
tegral part of the design process. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Wall Section of Auditorium Building (Victoria Weaver) 
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Introduction 
Donald Hunsicker 
 
As architects, we know that architectural 
design and building technology become an 
integrated whole in the buildings we build.  
As educators, we know that architectural 
education typically segregates, rather than 
integrates, design and building technology. 

 
At the Boston Architectural College, one 
method by which we attempt to bridge the 
divide between design and building technol-
ogy is through what we call concurrent 
learning.   

 
Our concurrent learning curriculum consists 
of two components – the academic compo-
nent and the practice component.  The aca-
demic or traditional classroom learning 
component happens from 4 p.m. to 10 p.m.  
During the workday hours, our students are 
engaged in what we call the practice com-
ponent.  Our students are typically em-
ployed in full-time, salaried positions in de-
sign firms.  This full-time employment – or 
practice component of the curriculum – is 
integral to the students’ education.  In order 
to graduate in the architecture, landscape 
architecture or interior design professional 
degree programs, students must earn ap-
proximately one third of their total credits 
through experiential/practice learning and 
they must advance to positions involving 

project supervision and oversight within 
their respective disciplines. 

 
Despite integrating practice and academic 
study in our concurrent curriculum, we have 
achieved limited success in integrating 
building technology into the design curricu-
lum.  Our capstone design projects for both 
graduate and undergraduate students do 
emphasize and require design solutions that 
integrate the engineering disciplines and 
appropriate building technologies.  At the 
introductory and advanced studio levels, 
however, there is limited integration of build-
ing technology into design problems and no 
structured collaboration between our design 
studio faculty and our building technology 
faculty.   

 
The Green Roof Design Workshop was one 
step toward closing this gap between our 
design and technology curricula.   
 

 

Green Roof Design Workshop:  Where It 
Fits in the BAC Curriculum 

 
Design workshops at the BAC are part of 
the advanced sequence of design courses.  
This sequence is typically taken during the 
fourth or fifth year of what is normally a 
seven year undergraduate program. 
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In this sequence, students are required to 
complete four design studios and one de-
sign workshop.  In a studio, students design 
a building.  In a design workshop, students 
may design a component of a building, in-
vestigate a landscape, a design methodol-
ogy, or a building type, or study some ele-
ment of building technology.   
 
Workshops give students the opportunity to 
explore an idea that contributes to their un-
derstanding of design but does not neces-
sarily result in a building design.  The inher-
ent structure and substance of the design 
workshop at the BAC allows for flexibility in 
terms of approach, content, and scale of 
project.   
 
BAC students, who have reached this level 
of the academic curriculum, typically have at 
least two to three years of full time employ-
ment experience in a design office.  They 
have a working knowledge of design devel-
opment, contract drawings, detailing, and 
some level of understanding of construction 
means and methods.  In addition, some 
have begun to supervise other team mem-
bers in the execution of project work. 
 
Our design workshops, therefore, are in-
tended for students who are advanced aca-
demically and are well past entry level posi-
tions in a design firm. 
 
 
Green Roof Design Workshop:  Course 
Goals 
 
The Green Roof Design Workshop specifi-
cally came about as a result of a ground-
swell of student interest in sustainable de-
sign, the need for a new roof on our build-
ing, and the desire among certain members 
of our faculty and staff to integrate technol-
ogy and design. 
 
Michael Fiorillo, the workshop instructor, 
worked closely with Karen Nelson, the Di-
rector of Advanced Architectural Studios, 
and me to plan the course, establish the 

course goals, and develop the course sylla-
bus.1 
 
We set several fundamental goals for the 
workshop.  One goal was, of course, to pro-
vide students the opportunity to develop 
their design skills.   
 
In addition, Michael wanted to focus on the 
need for research into, and the use of, build-
ing technology in reaching design re-
sponses.  The intent was to foster a connec-
tion between the studio design area and the 
building technology curriculum. 
 
Developing a deeper understanding of sus-
tainable design and how to integrate sus-
tainable methodologies into building design 
was a goal inherent in the subject matter of 
the workshop. 
 
As an institution, we emphasize experiential 
learning, and we always want to “connect” 
the students’ academic learning, and in par-
ticular their design studio learning, with their 
practice experience.  Some, but not all, of 
our students have contact with their firms’ 
clients.  Because the BAC is, indeed, plan-
ning the installation of a green roof we saw 
the opportunity to introduce a “client” into 
the studio setting.  Our Facilities Director, 
Art Byers, was invited to participate in the 
workshop.  His concerns and point of view 
would give the students a perspective they 
would not normally see in a design studio.  
(Figures 1 and 2 show our building and the 
roof plan.) 
 
While the students did not have to meet a 
budget, and while they were given free rein 
to propose and design whatever it was they 
felt was appropriate, we wanted them to 
hear firsthand about the institution’s con-
cerns for such a project from the facilities 
director.  We also wanted to give the stu-
dents the opportunity to “educate the client” 
to the possibilities a project like this might 
present. 
 
Finally, we wanted to foster collaboration 
among the students.  Design and project 
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implementation is a collaborative effort in-
volving the ideas, insights and work of many 
people.  A designer, no matter how extraor-
dinary or visionary his or her concept might 
be, must be able to work with others to im-
plement that concept.  We wanted this de-
sign workshop to stress how designers can 
and should work together. 
 
 

 

Figure 1. Boston Architectural College – 320 Newbury 
Street 

 
 

Figure 2. Student site analysis: roof plan and existing 
conditions (Aaron Margolis) 

 
 
The next sections of this paper offer reflec-
tions on the course from the instructor’s 
perspective and from the perspective of two 
students.  Each was asked to evaluate can-

didly the opportunities and challenges the 
course offered. 
 
 
The Instructor’s Perspective 
Michael Fiorillo 
 
I served as the instructor of the Green Roof 
Design Workshop at the BAC this past fall 
and spring.  Teaching this workshop has 
given me some insight into how building 
technology might be integrated into a design 
course. 
 
The class size was limited to eight students, 
and we met for three hours a week for six-
teen weeks.  Students were expected to 
work approximately six hours a week out-
side class on their projects.2   
 
The Green Roof Workshop employed four 
design teaching strategies.  While these 
strategies were simple, I found them to be 
effective. 
1. The first strategy was to create a course 

that focused equally on technology and 
design.  I refer to this focus as a “hybrid” 
course. 

2. The second strategy was to introduce 
the technical content of the course pri-
marily through the students’ own self-
directed and collaborative research.   

3. The third strategy was to have the 
BAC’s Director of Facilities serve as the 
client for the workshop and to provide 
information to the students both about 
the existing conditions and the institu-
tion’s plans for the roof. 

4. The fourth strategy was to integrate an 
exceptional and experienced practitioner 
into the class both as a source of infor-
mation and as a regular critic who was 
familiar with green roofs as a type of 
landscape.   

 
The Green Roof Workshop was organized 
so that students spent the first seven weeks 
of the course researching green roof tech-
nology, the context and history of green 
roofs, conventional roofing technology, and 
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the advantages, disadvantages and costs of 
green roofs.  Students investigated specific 
green roof products that are available on the 
market.  They looked at green roof prece-
dents and garden design typologies.  They 
also researched related sustainable topics 
such as living walls, solar collection, and 
living machines.   
 
In each class meeting during these first 
seven weeks, the students presented their 
research to their classmates.  In effect, they 
had to learn enough about their subject mat-
ter to teach that topic effectively.   
 
At the end of this seven week period, the 
students spent two weeks analyzing the site 
– i.e., the roof of the building.  They visited 
the roof, built a model, and reviewed the 
existing building plans.  They analyzed the 
roof environment including ambient noise, 
solar orientation, and wind conditions as 
well as explored, albeit in an abbreviated 
fashion, other considerations such as 
handicapped access to the roof, the roof 
edge condition and related code require-
ments, and allowable modifications to the 
building façade in an historic district.  (Fig-
ures 3 through 5 are examples of the roof 
analyses the students conducted.) 
 
The students also met with the client, the 
College's Director of Facilities, to discuss 
his ideas about how the roof might be used, 
his concerns about on-going maintenance, 
and his knowledge of the rooftop mechani-
cal equipment. 
 
The final seven weeks of the workshop 
were dedicated to an accelerated design 
phase.  The students were urged first to 
take up this design problem from an experi-
ential and program-based point of view, and 
then during the final weeks to address ma-
terials selection, construction details, and 
planting strategies.  (Figures 6 through 8 
and 9 through 11 are some of the final de-
sign boards that Laura Marrero and Joshua 
Burdick presented.3  These illustrate how 
these students studied and applied their 
knowledge of conventional construction de-

tails and their green roof technology re-
search in developing their green roof de-
signs.) 
 

 

Figure 3.  Student site analysis (Jung Hoon Choi) 

 

 

Figure 4.  Student site analysis (Joshua Burdick) 
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Figure 5.  Student site analysis (Oliver Klein) 

 
 

 

Figure 6.  Design presentation (Laura Marrero) 

 

Figure 7.  Design presentation (Laura Marrero) 

 

Figure 8.  Design presentation (Laura Marrero) 

It is critical to recognize and emphasize the 
course schedule and nature of the BAC stu-
dio and workshop settings.  Unlike tradi-
tional schools, BAC students do not meet 
for extended periods of time in their studio 
setting.  Their contact time, both with their 
fellow students and with the instructor, is 
limited to three hours per week.  Hence, the 
actual instructor/student contact time during 
the research, site analysis, and the design 
phases of the workshop was quite abbrevi-
ated.  For students to successfully complete 
the technology research, the site analysis, 
and the project design within this limited 
time frame, they must enter the course with 
a developed set of design tools and sensi-
bilities as well as technical skills.  Even with 
the abilities that many advanced BAC stu-
dents have, they would find this to be a diffi-
cult course.  It would not work in our intro-
ductory or foundation design classes. 
 
 
 
 

The “Hybrid” Strategy: Challenge and Op-
portunity 
 

During the two semesters I taught this 
course, I found that this hybrid technology / 
design course posed two particular chal-
lenges.  The first challenge resulted from 
the very nature of dividing the course into 
the technology research portion and the de-
sign portion.  This structure limited both the 
technical and design topics in their scope.  
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The hybrid nature of the course, by neces-
sity, restricts the amount of research a stu-
dent can carry out, and it holds the size of 
the design project to a smaller scale.  
Broader research topics would be difficult to 
cover adequately in one-half semester, and 
more complex design problems would re-
quire more time to explore satisfactorily.   
 
The second, and more significant challenge, 
however, was to structure the seven week 
design phase so that students could apply 
the technologies researched to their designs 
and bring those designs to a gratifying level 
of resolution.   
 
The course emphasized and encouraged 
the students to approach designing a green 
roof, not simply as an implementation of 
technology, but as a design problem.  Be-
cause the time allowed to design the green 
roof was short, a number of students had 
difficulty balancing the various elements re-
quired by the project. 
 

 

Figure 9.  Design presentation (Joshua Burdick) 

 

Figure 10.  Design presentation (Joshua Burdick) 

 

Figure 11.  Design presentation (Joshua Burdick) 

 
These elements included the existing condi-
tions of the roof and the programs that the 
students developed for themselves.  There 
are the various pieces of mechanical 
equipment one would expect to find on any 
roof.  There is also a large clerestory in the 
center of the roof that juts above eye level 
and hems in the roof space.  The structural 
capacity of the roof was likewise a consid-
eration.  Students established programs 
such as creating a living laboratory for land-
scape architecture students and creating 
student gathering and resting spaces which 
our facility needs.   
 
Students naturally struggled with these 
competing and conflicting elements.  Given 
the abbreviated design period, I found that it 
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was necessary to provide more guidance 
than I had initially thought would be neces-
sary to help the students make progress 
with their designs each week.   
 
While the course structure presented these 
challenges, it offered the advantage of 
closely connecting the acquisition of techni-
cal knowledge to the design process.  In the 
professional world, this connection is strong 
and consistent.  In school, the design and 
technical curricula are usually dealt with 
separately.  In the Green Roof Workshop, 
the “nitty-gritty” of the different roof types 
and systems became a primary part of the 
design parameters that the students faced.  
In that sense, the technology provided de-
sign opportunities for the students to em-
ploy.  In developing their green roof de-
signs, the students developed their own re-
lationships with the technical knowledge 
gained in the first half of the class.  The op-
portunity to build a technological under-
standing and to develop design responses 
directly related to that understanding is not 
common in school.  This hybrid course gave 
students the chance to implement a design 
process not often implemented outside of 
professional practice. 
 
 
 
Student Directed Research: Challenge and 
Opportunity 

 
The second strategy employed in the 
course was student-directed research.   
Each week during the research phase, the 
students investigated two topics associated 
with green roofs and developed materials 
on those topics.  Typically, I assigned one 
topic and the students would select the sec-
ond topic.  Each student was then required 
to present and share that information with 
the class.  (Figures 12 through 14 are ex-
amples of the topics students researched 
and presented to the class.) 
 
This strategy is useful for a range of techni-
cal topics, but it is particularly suited to 

emerging issues, such as green roofs, for 
which there is not yet an accepted curricu-
lum and for which the technical knowledge 
base is still in flux.  In addition to their in-
class presentations, the students pooled 
their research through an on-line website 
where they provided each other with digital 
versions of their presentation material and 
research bibliographies.  This “database” 
allowed them to pick up on each other’s re-
search and further it, as their interests dic-
tated. 
 
The student-directed research in this in-
stance was highly successful; however, at 
least part of this success was the result of 
the students’ enthusiasm for the topic.  Stu-
dent interest in green roofs (and all sustain-
able issues) is presently strong, and I did 
not have a problem with student interest.  If 
students are less interested in the topic, 
there is the real possibility that the research 
will be less rigorous and less well-
presented.  Less favored topics might exac-
erbate this potential problem.   
 
Another concern that arises from the stu-
dent-directed research is that the range of 
the technical content is partly dependent on 
the student interest.  As a result, there is the 
real possibility there will be “holes” in the 
research and the material presented.  This 
was not a problem in the Green Roof Work-
shop because of the students’ high interest 
level.  They were willing and able to identify 
the most important topics and research 
them regardless of how “dry” they seemed; 
however, without this level of enthusiasm for 
the research, some important topics might 
not be taken up by the class. 
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Figure 12.  Student research: green roof components 
(Jonathan Scamman) 

 

Figure 13.  Student research: drainage and irrigation 
systems (Jonathan Scamman) 

 

Figure 14.  Student research: living machines 
(Amanda Russell) 

The advantages of this student-directed re-
search, however, are worth the risk of the 
challenges described above.  One advan-

tage is that students have the opportunity to 
present their research at each class meet-
ing.  This hones their presentation and pub-
lic speaking skills.  It also makes them real-
ize that they must learn the material thor-
oughly in order to teach it to someone else.  
By being exposed to each other’s research 
from week to week, the students realized 
that they had a responsibility to their peers 
to present good information, and they were 
spurred on by the better quality work of oth-
ers.   
 
Because the research topics were generally 
chosen by the students, they had a strong 
sense of ownership of their work and more 
enthusiasm for and commitment to re-
searching the topic.  By pooling the interests 
of the whole group, a wide range of topics 
were brought to the class presentations.   
 
The most significant advantage that this 
student-directed research model offered, 
however, was that it taught the students re-
search skills associated with design prob-
lems.  The connection between research 
and design is more and more important in 
contemporary practice.  However, research 
skills are generally not emphasized in de-
sign classes.  The strategy of allowing stu-
dents to decide what they researched en-
couraged them to develop tools they will 
need to educate themselves about any topic 
that might affect the project they do in the 
future. 
 
Finally, this strategy developed into a highly 
collaborative effort that allowed the students 
to share their research and information.  
While I had always intended that this re-
search component would foster collabora-
tion among the students, I was pleased to 
see the extent to which the students did in 
fact depend upon each other to provide in-
formation and the extent to which they did 
learn from each other’s efforts.  While each 
student, in the end, designed his or her own 
project, all of the students used the informa-
tion other students provided in developing 
those individual designs. 
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The Client in the Design Workshop:  Chal-
lenge and Opportunity 
 
One goal of the workshop was to introduce 
a level of reality to the project, not only by 
using the BAC’s own building and its own 
project as the design problem, but by intro-
ducing the voice of a “real” client into the 
studio setting.  While the workshop allowed 
and encouraged the students to think crea-
tively and to explore freely as wide a range 
of design possibilities as they wished, we 
did want the students to have the opportu-
nity to hear and learn what a client’s con-
cerns would be for a project like this. 
 
The risk of introducing a facilities director 
into a design studio is the potential for a 
clash of cultures.  A facilities director/client, 
who only saw the difficulties of implement-
ing a new technology or who would not en-
tertain different and even fanciful design 
ideas, could certainly have a negative im-
pact on the students’ vision and hamper 
their creatively.   
 
The BAC is fortunate to have a facilities di-
rector who was a model ”client” for this type 
of student design effort.  While our facilities 
director was candid and straightforward 
about his concerns regarding the realities of 
implementing, paying for and eventually 
maintaining a green roof, he is an enthusi-
astic proponent of greening our building.  
He also supports wholeheartedly the educa-
tional value and necessity of the creative 
design experience students must have in 
school.  As a result, his participation in the 
design reviews was always constructive and 
encouraging.   
 
In addition, he came away from the work-
shops in both semesters seeing possibilities 
for the project that he had not previously 
envisioned.   
For those students who are not exposed to 
clients in their design practices, this was an 
opportunity at least to experience, if not re-
solve, conflicting client desires in their de-
signs.  Students were able to deal directly 

with the facilities director and learn about 
his concerns and priorities. 
 
The Practitioner: Challenge and Opportunity 
 
The last strategy we employed was the in-
tegration of a designer, experienced in 
green roofs, into several facets of the 
course.  An experienced professional who 
has expertise in an emerging topic is not 
easy to find.  But to find an experienced pro-
fessional, who has this expertise and who is 
willing to volunteer her time to participate in 
an evening class, is even more difficult.  
While finding that professional was a chal-
lenge, it provided perhaps the most extraor-
dinary opportunity of the course. 
 
We were particularly fortunate that Laura 
Solano, a design principal at Michael Van 
Valkenburgh Associates, Landscape Archi-
tects, participated in the workshop.  Ms. So-
lano brought to the class not only design 
and landscape expertise, but also substan-
tial experience in roof gardens, terrace gar-
dens, and green roofs. 
 
After the students completed the research 
and analysis phases and as they were be-
ginning their design phase, Ms. Solano pre-
sented a green roof project that her office 
had recently completed.4  The project was 
similar to the BAC’s roof in many respects.  
It was enlightening for the students to see 
how her office had approached the same 
types of design challenges that they them-
selves were facing and to learn how her of-
fice was able to turn those challenges into a 
stunningly successful design.  The exposure 
to the MVVA design process gave the stu-
dents confidence in their own convictions 
about their projects and opened up a range 
of possibilities they might not have consid-
ered otherwise.   
Ms. Solano also attended both the mid-term 
and final reviews and developed a strong 
rapport with the students and their work.  
Her critiques of the student design work of-
fered them an extraordinary level of profes-
sional insight. 
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Figure 15.  Design presentation (Jonathan Scamman) 

 

Figure 16.  Design presentation (Aaron Margolis) 

(Figures 15 through 18 are examples of the 
work done by other students in the work-
shop.) 
 

Conclusion 
 
In the end, I thought the students' experi-
ences with the Green Roof Workshop were 
positive and beneficial, and that the strate-
gies employed were successful.  Neverthe-
less, the course was not without legitimate 
problems.  The most significant problem 
was that several students did not achieve a 
level of design completion that they them-
selves found satisfying.  For other students, 
I felt that additional time would have af-
forded them the opportunity to achieve a 

more successful design.  More experience 
on my part to keep the students always 
forging ahead would have helped to allevi-
ate this, but taking up a design problem of 
this complexity in a studio setting for seven 
weeks would be a challenge for any instruc-
tor.   
 
 

 

Figure 17.  Design presentation (Matt Margolis) 

 

Figure 18.  Design presentation (Matt Margolis) 

 

Despite this reservation, I believe that the 
class, as it was taught, did provide the stu-
dents with training and practice in skills that 
are not usually emphasized in design school 
curricula.  These are the knowledge and 
experience of interfacing technology with 
design and the role of research as a funda-
mental tool for contemporary design prac-
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tice.  In my opinion, the opportunity to de-
velop these skills counterbalanced the lim-
ited design time. 
 
 
A Student’s Perspective 
Joshua Burdick 
 
At the BAC, my design classes have fo-
cused primarily on building analysis, pro-
gram and schematic design while technical 
classes have focused on building systems 
and drafting techniques. 

My employment as a designer in an archi-
tectural firm has provided the opportunity to 
become familiar with building technologies 
and utilize those technologies in real pro-
jects.  In particular, I have experience with 
building systems, components of building 
envelopes, and construction details. 

While both my academic and practice ex-
periences have fostered my education, my 
employment experience has always been 
much more technical and real-life oriented, 
while the classroom learning has been more 
design and theory based.  The Green Roof 
Design Workshop was one course that 
combined both the technical and theoretical 
aspects of a project. 

The Green Roof Workshop course descrip-
tion stated that students would be exposed 
to the technology of green roof systems in 
the context of a design for a ‘real’ project at 
the BAC.  The BAC facilities department 
would be the project client.  I was excited to 
enroll in this class, and I looked forward to a 
class that explored new materials and tech-
nologies and applied them to a real project 
with a real client. 

The sixteen week class was broken up into 
two sections, nine weeks of research and 
analysis and seven weeks of design and 
exploration.  The small class size of eight 
students enhanced the research portion of 
the class.  Each student was responsible for 
multiple research projects. Existing site 
analysis, precedent studies of existing 

green roof systems, and an extensive inves-
tigation of green roof technologies were re-
searched by the students.  We also had ac-
cess to the original drawings and details of 
the BAC building, which allowed us to un-
derstand the constraints the existing build-
ing imposed on us. 

During the first half of the course, each stu-
dent presented his or her research and 
analysis in each class.  In the end, the class 
had a substantive compilation of information 
that we all shared.  This collective body of 
student research enabled us to benefit from 
each other’s work and helped to inform and 
inspire us regarding the possibilities for the 
green roof design.  Each of our final projects 
reflected the information gathered by and 
shared among all of us. 

During the first few weeks of the class, we 
were introduced to Art Byers, the facilities 
director for the BAC.  Mr. Byers conducted a 
tour of the roof and gave us background 
information about the roof structure.  He 
also explained the school’s intentions for the 
roof and asked the students about the pos-
sibilities we saw that the roof might have to 
offer.  It was exciting to have a real repre-
sentative for a real project, and this made 
the design project that much more interest-
ing to pursue. 

After touring the roof, it became apparent 
that the BAC roof was an untapped re-
source for both students and faculty.  The 
roof could be turned into a great space that 
offered unparalleled views of downtown 
Boston, Boston’s historic Back Bay, and 
Cambridge.  The project parameters were 
expansive but not overwhelming.  As we 
conducted our research and precedent 
studies, we were able to see the many de-
sign opportunities the roof offered. 

Half-way through the semester, Laura So-
lano visited our workshop.  Ms. Solano pre-
sented her office’s design for the green roof 
at the American Society of Landscape Ar-
chitects in Washington, D.C.   
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Her presentation illustrated all of the basic 
components of a green roof structure we 
had previously researched while showing a 
final design that was both economically fea-
sible and visually attractive.  The roof de-
sign was a beautiful transformation of a 
standard black, flat roof to a wonderful out-
door garden and terrace space.   

The Van Valkenburgh design made it clear 
that green roofs did not have to be just flat, 
open expanses of short vegetation over a 
membrane roof.  We saw how the creative 
use of rigid insulation could add topography 
to a level roof and create a surrounding that 
resulted in a more interesting space.  We 
saw how the use of different plants could 
provide architectural-like elements such as 
walls and roofs while providing the benefits 
of rainwater retention, reduction of heat is-
land effect, and additional building insula-
tion. 

Ms. Solano’s presentation gave us a terrific 
starting point for our own designs.  The stu-
dents in the workshop produced a wide 
range of designs using different green roof 
technologies, building materials and plant-
ings.  Several students incorporated alterna-
tive energy recovery systems such as solar 
technologies into their designs.   

I feel this workshop was a very successful 
class and exposed me to technologies I 
usually become familiar with only in my 
work setting.  Researching the materials 
and precedents for the green roof allowed 
for collaborative discussions and brain-
storming about the different materials and 
allowed ideas to flow freely.  The research 
presentations were informative and the 
precedent studies provided inspiration for 
our designs. 

The reality of the project was a positive as-
pect of the class.  Being able to visit the 
“site” was helpful, and having a project in 
which real materials were chosen required 
us to give careful consideration to those 
choices.  The designs we developed were 
all influenced by the confines of the existing 

conditions and requirements of the materi-
als we selected.   

Being able to present our design to Mr. 
Byers as a client gave us experience in the 
art of explaining design intentions to some-
one not familiar with the design field.  It was 
rewarding to see his enthusiasm grow as 
each student presented his or her design. 

Another way I think this workshop was suc-
cessful was in the exploration of landscap-
ing and the influence it can have on a build-
ing design.  All of the students’ designs 
used to some extent hardscaping and typi-
cal architectural elements, but the designs 
focused primarily on the landscape features.  
As a student who has studied horticulture 
and landscape design, I think it was benefi-
cial for those students who have not worked 
with landscaping to experience the effect 
plants can have on an otherwise empty site.  
Laura Solano’s presentation of the green 
roof at the ASLA was a perfect example 
demonstrating the multiple uses of vegeta-
tion and how plants can transform a space. 

The only way I think the workshop could 
have been improved would be to allow more 
class time.  My workshop met for only one 
and one-half hours per week for the semes-
ter.5  The quantity of information gathered 
was almost overwhelming to digest in such 
a short class period.  The majority of work 
was done outside of class, and I think it 
would have been more successful if there 
were more class time to research, discuss 
and finally design. 

In conclusion, the green roof workshop was 
perhaps one of the most informative and 
rewarding class I have taken.  This work-
shop allowed for an in-depth exploration of 
green roof materials and technologies and 
combined that exploration with a traditional 
studio design project.  This combination re-
sulted in a comprehensive and realistic 
green roof proposal. 
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A Student’s Perspective 
Laura Marrero 
 
My experience at the Boston Architectural 
College has been wide-ranging and chal-
lenging.  The BAC’s program structure is 
unique:  academics and practice go hand-
in-hand.  As a student and a practitioner, I 
learn more from and can offer more in both 
settings.   
 
The BAC environment is different from a 
traditional college.  I quickly realized when I 
enrolled in the school six years ago, that as 
an eighteen-year old, straight out of high 
school, I was an exception at the BAC.  The 
school’s community consists mainly of ma-
ture, adult students.  Instructors are likewise 
different from the teachers in traditional 
schools.  They are not full-time professors.  
They are practicing professionals, who bring 
real world knowledge and experience into 
the classroom.   
 
The Green Roof Design Workshop speaks 
to the BAC method.  Initially, the design 
problem was what interested me the most – 
to design a green roof for the BAC’s existing 
building.  But I learned as the class devel-
oped that the technical aspects of a green 
roof would be given equal weight in the 
course. 
 
The structure of the class allowed for a posi-
tive learning experience through a collabo-
rative student effort.  The class included the 
methodology of a small scale thesis project.  
The workshop syllabus incorporated both in-
depth research of green roof system tech-
nologies and our own design of a green 
roof.   
 
The research portion of the class was suc-
cessful because it consisted of individual 
research in a collaborative setting.  We 
shared our research through in-class pres-
entations.  Our precedent studies of existing 
green roofs, along with the exploration of 
options for materials, plantings, irrigation, 
etc., provided a foundation of information 

and knowledge about green roofs that 
greatly influenced the nature of our designs.   
 
During the course, we were introduced to 
Art Byers, Director of Facilities at the BAC.  
Mr. Byers acted as the “client” for the pro-
ject.  He made us think about factors like:  
o cost-effectiveness and budget consid-

erations 
o details of retro-fitting an existing roof 
o structural integrity of an existing roof 
o green roof design that offers a practical 

use for the institution. 
 
Our “site visit” to the roof was instructive.  
We had the opportunity to see first-hand the 
extensive views of Boston and Cambridge, 
observe existing conditions, and take field 
measurements.  This site visit inspired 
many of our design concepts and program-
matic considerations for the green roof de-
sign. 
 
During our design process, Laura Solano, a 
professional landscape architect with ex-
perience in green roof design and construc-
tion, was introduced to the class.  The case 
study that Ms. Solano presented gave us a 
working example of how a green roof pro-
ject, which was similar to the BAC roof, 
could use green roof technology in a cost-
effective way to create a spatially exciting 
and habitable space. 
 
There is one final aspect of this course that 
should be mentioned.  This course gener-
ated broad interest within the BAC.  Other 
faculty and members of the BAC’s green 
roof committee wanted to see what the stu-
dents in the workshop were designing.  This 
interest was a motivating force for us.  
Through this design workshop, we had the 
opportunity to experience design in a realis-
tic environment, and this made us part of a 
valuable community effort.  
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Notes: 

 
1 Pat Loheed, Director, Landscape Architecture, 
and Jeff Stein, Director, Architecture, supported 
and contributed to the course planning and in-
struction. 
 
2 In the fall semester, the Green Roof Design 
Workshop met for 1½ hours per week.  It be-
came apparent that by increasing the class time 
to 3 hours per week, we could improve the qual-
ity of the course substantially.  The additional 
time compelled students to delve more deeply 
into their research because their class presenta-
tion time was longer.  The additional class time 
also allowed for more wide-ranging discussions 
and inquiry into both the technical and the de-
sign topics. 
 
3 Ms. Marrero’s and Mr. Burdick’s evaluations of 
the workshop are part of this paper. 
 
4 Ms. Solano presented the green roof design for 
the American Society of Landscape Architects in 
Washington, D.C.  For more information about 
this project, visit www.mvvainc.com (click on 
“Projects,” then “Gardens,” and then “ASLA 
Green Roof’) and www.ASLA.org (navigate to 
the ASLA Green Roof Webpage and the ASLA 
Green Roof Webcam). 
 
5 Josh Burdick completed the workshop during 
the fall semester.  As noted above, the spring 
semester workshop was expanded to a three 
hour class period.  
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Building [Understanding]:  A Systems Approach to 
Building Information Modeling [BIM] 
Christopher Livingston 
Montana State University 
 
 

 “The idea that science can, and should, be run according to fixed and universal 
rules, is both unrealistic and pernicious.”1 

 
 
Architecture in practice is a combination of 
both skill and calculated chance.  The grow-
ing complexity of building sciences, myriad 
technologies as well as insatiable material 
development has continued to challenge the 
skill of architects, in many cases forcing 
specialization or mediocrity.  In addition, the 
external forces impacting architecture; so-
cial, political, economic and spatial, con-
tinue to increase at a similar rate.   We live 
in an increasingly ‘connected’ world; an 
open system of flows and exchanges. 
 
This paper stems from a reaction to the 
prevalent view that architectural education 
is largely executed within an academic bub-
ble, cut off from the world of practice.  This 
view conditions many to believe this her-
metic environment is in fact the way the pro-
fession functions: ‘I design and it gets built’.  
This paper is based on the work completed 
in a course entitled ‘Advanced Building Sys-
tems’ taught at the Montana State Univer-
sity School of Architecture during the fall 
semester of 2005, attempting to dispel this 
view.  The course utilized current building 
information modeling [BIM] techniques, 
seminar readings as well as the ideas of 
general systems theory to analyze and 
evaluate landmark architecture through the 
case study method.  The course proposed 
that a thorough understanding of both the 
internal and external factors influencing ar-
chitecture would allow students a more real-
istic analysis of building and its mutable role 
in society today. 
 
 
 

Building Information Modeling 
 
Building information modeling [BIM] contin-
ues to gain widespread attention with the 
promise of streamlining the design and con-
struction process.2  BIM, the process of con-
structing a single 3-D building in virtual 
space which integrates all of the major 
building systems, allows the architect and 
their consultants to share better information 
with each other and with the contractor.  
These models, drawn by the various con-
sultants and compiled as a single docu-
ment, also have the ability to be used for 
quantity surveys, site studies of shadow and 
sunlight as well as visual time lines for the 
construction process.  As a result, more in-
formation is discovered earlier in the design 
process, errors and omissions are discov-
ered earlier, reducing questions and costly 
change orders as well as reducing the con-
struction time, cost of construction and in-
creasing the value to the owner.  Much of 
the excitement in BIM has come from the 
contracting world as aspects of documenta-
tion and the construction process is where, 
at least initially, BIM appears to exhibit the 
greatest value.   
 
As BIM is gaining acceptance in practice, it 
is also gaining popularity in architectural 
education as a design and presentation tool.  
Three-dimensional modeling has replaced 
conventional 2-D drawing and the ability to 
show structural, mechanical and enclosure 
systems, has revolutionized the presenta-
tion of design projects.   
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Figure 1.  Gallatin Valley Food Bank [BIM] by Ed 
Murray 
 
The use of BIM in this way allows students 
a more thorough understanding of the com-
plexity of design and integration as systems 
are coordinated together to form a holistic 
design solution.  But while the use of BIM 
would appear to expand the limits of design, 
it is my contention that students view the 
presentation of both design and construc-
tion documents as a closed system, distinct 
from the ideas that generated the design; in 
other words, once the documentation is 
complete, the project and related systems 
achieve a state of equilibrium where the fi-
nal design work is in essence ‘complete’, 
with no further input or output.  While this 
may be true for student design work, the 
actual world of building is based on open 
systems; a continuous flow of materials that 
achieve not equilibrium but a continuous 
steady state.3  These open systems are 
contingent upon many diverse systems in-
teracting with one another to produce de-
sired or undesired results.  Many of these 
systems are not related to physical building 
but impact the building process nonethe-
less.  This is space that is ‘produced’ as 
Henri Lefebvre describes in The Production 
of Space.  Utilizing nature as a resource, 
space is the product ‘…of an activity which 
involves the economic and technical realms 
but which extends well beyond them, for 
these are also political products, and strate-
gic spaces.  The term ‘strategy’ connotes a 
great variety of products and actions:  it 
combines peace with war, the arms trade 
with deterrence in the event of crisis, and 
the use of resources from peripheral spaces 
with the use of riches from industrial, urban, 
state-dominated centres.”4  With this de-
scription, Lefebvre illustrates the far reach-

ing effects that dictate spatial production.  
Global economics, a-spatial activities and 
political will, through the use of ‘labour, 
technology, knowledge, property, institu-
tions and the state’5, all have an impact on 
spatial production and thus influence, in 
large part, the built environment.  These di-
verse systems in many respects are para-
mount to the built environment and there-
fore impact society in profound ways.  I be-
lieve it is an understanding of these systems 
that begins to expand the boundaries of de-
sign and sheds light on architecture’s com-
plex relationship with society.  To expand 
upon the systems that impact architecture, it 
may be useful to examine the tenets of the 
general systems movement during the 
1950’s.  
 
General Systems Theory 
 

 
 
Figure 2.  GST founders, source: www.isss.org 
 
In 1954, a group of men conceived of a re-
search society devoted to the understanding 
of complex systems through interdisciplinary 
inquiry.6  A year later the group would form 
the Society for General Systems Research 
and based on the work of Ludwig von Berta-
lanffy almost two decades before, would 
assume a radical position with regard to the 
structure of scientific research; they would 
openly question the scientific method and 
the mechanistic world-view based on the 
writings of Descartes some 330 years be-
fore.  This radical position would be based 
on the thought that the scientific method 
could no longer thoroughly explain certain 
complex phenomena found in research 
fields including biology and the social and 
behavioral sciences.  They believed that a 
more holistic view was required that would 
essentially reverse the traditional logic of 
reductionist thinking; the breaking down of a 
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whole into it’s smallest pieces to explain the 
dynamics of the system, and begin to look 
at the dynamics of the whole to understand 
the properties of it’s constituent parts.7  This 
would revive the Aristotelian argument that 
the whole was more than the sum of the 
parts.  They would have many admirers and 
detractors over the years.   
 
In what may be considered the systems 
theory manifesto entitled, “General Systems 
Theory:  The Skeleton of Science”, author 
Kenneth Boulding placed systems thinking 
‘between the specific that has no meaning 
and the general that has no content’8.  Gen-
eral systems theory was not intended to be 
a ‘theory of everything’ like the quest for a 
unified field theory in physics but instead 
sought an “optimum degree of generality”9 
which would link theoretical models in dif-
ferent areas of study thus filling in the gaps 
that existed between research fields.  In the 
minds of these systems thinkers this would 
solve the crisis in science due to specializa-
tion that did not allow for an analysis of the 
wholeness of any discipline to be seen and 
understood. “Specialization has outrun 
Trade, communication between the disci-
ples becomes increasingly difficult, and the 
Republic of Learning is breaking up into iso-
lated subcultures with only tenuous lines of 
communication between them – a situation 
which threatens intellectual civil war.”10  
Boulding felt that with increased specializa-
tion there would be less communication be-
tween various branches of science and thus 
stagnate the growth of knowledge.  Within 
the wholeness that would emanate from 
systems theory, a renewed sense of inter-
disciplinary learning would appear.  Fields 
such as social psychology and cultural ge-
ography, as hybrid disciplines, owe their 
origins to the concept of systems theory and 
the foundations of a holistic worldview. 
 
The position of the systems theorists at mid-
century has been forwarded by thinkers in-
cluding Fritjof Capra, who see the world as 
an interconnected ‘whole’.  This world, 
again, is more dependant on the ‘dynamics 
of the whole, defining the properties of the 

parts’ and not the properties of the parts 
explaining the whole.  For Capra, whose 
book The Turning Point became the genesis 
for the systems theory movie, Mindwalk, 
interconnectedness [or systems thinking] is 
used to explain all of life, from physics to 
economics to biomedical and related human 
health issues:  
 
“To associate a particular illness with a defi-
nite part of the body is, of course, very use-
ful in many cases.  But modern scientific 
medicine has overemphasized the reduc-
tionist approach and has developed its spe-
cialized disciplines to a point where doctors 
are often no longer able to view illness as a 
disturbance of the whole organism, nor to 
treat it as such.  What they tend to do is to 
treat a particular organ or tissue, and this is 
generally done without taking the rest of the 
body into account, let alone considering the 
psychological and social aspects of the pa-
tient’s illness.”11 
 
This current fascination with systems theory 
has resulted in hundreds of books on the 
subject in a wide array of disciplines.  While 
widespread acceptance of systems theory is 
far from a reality, we can see the effects of 
systems thinking in many fields of study, 
including, to a certain degree, architecture. 
 
Architecture in practice has always had to 
negotiate systems thinking as a necessity of 
material integration.  With the introduction of 
building materials comes the responsibility 
of integration in Vitruvian terms; firmness 
(how does the integration work?), commod-
ity (how does the integration respond to 
economics, repair, etc.?) and delight (how 
does the integration work visually?).  Exam-
ples of integration over time, utilized in aca-
demic settings, include Kahn’s ‘served and 
servant’ space as well as the work of many 
British ‘high tech’ architects and illustrate a 
need for integration which BIM has and will 
continue to respond to with time.  The fol-
lowing description of the Advanced Building 
Systems course is intended to address 
these issues as well as expand the tradi-
tional boundaries of architectural investiga-



108 Building Technology Educators’ Symposium August 2006 Proceedings  
 

tion to areas of study that impact the way 
we see building. 
 
Course overview 
 
While architecture has become increasingly 
specialized, working in scientific reduction-
ism to isolate smaller and smaller systems 
and parts of the whole, the application of 
General Systems Theory, in contrast, works 
towards a holistic view to understand the 
myriad interactions and implications that 
ultimately influence the ‘whole’ architectural 
product. 
  
This holistic view frames the basis for the 
course described below, Advanced Building 
Systems, a four hundred level course taught 
in conjunction with professional practice and 
a comprehensive design studio.  The goal of 
this Advanced Building Systems course was 
to encourage students to evaluate case 
study buildings in the context of architecture 
as an open system; a flow of input and out-
put between the building organization and 
its environment.  This research was con-
ducted utilizing three tools of inquiry, first, 
the investigation of landmark buildings 
through the use of building information 
modeling.  Second, the use of the case 
study method as an investigative tool to en-
courage the students to better understand 
the complex decision-making that is inher-
ent to the architectural process.  Finally, 
general systems theory was employed in 
the form of seminar readings to instigate or 
provoke discussion of systems outside the 
realm of building that could be utilized for a 
comprehensive investigation of their particu-
lar case study buildings. 
 
Tools of Inquiry 
 
The creation of a building information model 
[BIM] for a selected landmark building was 
completed by the students, in teams of two.  
Over the course of the semester the stu-
dents created a series of building informa-
tion models depicting four of the five primary 
systems:  structure, envelope, mechanical, 

and either the interior or site for their par-
ticular case study buildings.12  Each infor-
mation model was presented in 24x36 
board format with pertinent written and 
graphic information. All four individual mod-
els were successively integrated to form a 
master 3-D model in the same way a master 
building information model would have to 
coordinate all systems in an office environ-
ment.  In addition to the building information 
models, the students also had to analyze 
each of the primary systems with six per-
formance mandates:  building integrity, air 
quality and visual, thermal, acoustic and 
spatial performance.13  The use of the man-
dates required the students to fully analyze 
all of the major building systems together, 
utilizing some of the systems in a secondary 
and tertiary fashion to connect the system in 
question to the particular mandate.  As an 
example, one would have to consider the 
mechanical and envelope systems when 
describing air quality as a performance 
mandate of the structural system.  This al-
lowed for a more thorough investigation by 
the students forcing them to synthesize 
various information sources and make 
evaluations based on that information. 
 
The students were encouraged to select 
any well documented landmark building for 
case study research and were also asked to 
initially create a comprehensive bibliogra-
phy, ensuring that necessary project infor-
mation, both written and pictorial was avail-
able.  For case study research, the students 
utilized the Development Checklist for the 
study and practice of Case Studies in Archi-
tecture14 prepared by the AIA and the Large 
Firm Roundtable.  Almost all of the projects 
selected limited the students to case study 
information gathered through printed 
sources with no client or architect corre-
spondence.  This placed a premium on 
gathering thorough bibliographic information 
so a full case could be constructed and 
cross-referenced for accuracy.  The Devel-
opment Checklist, specifically the sections 
related to project abstract and project per-
spectives and analysis, provided questions 
regarding each project that challenged the 
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students to evaluate areas including meas-
ures of success, financial implications and 
special resources required.   As important 
as the physical systems integrated into the 
buildings are the decisions that make these 
system choices possible.  Logistics, techno-
logical limitations and design constraints are 
only a part of the overall process of building. 
Throughout the semester, students were 
continually asked to investigate their case 
studies within this holistic open system ap-
proach. 
 
The weekly seminars were centered on a 
group of readings intended to expand the 
notions of architecture and building.  They 
were also meant to represent the General 
Systems Theory portion of the course to 
provoke a greater sense of the external 
forces surrounding architectural production.  
Readings including, the production of space 
on a global scale, control, hyper-reality and 
representational questions of material and 
systems are a few of the topics covered dur-
ing the semester.15  The readings were is-
sued on a weekly basis and discussed in 
class.  Questions were issued at the begin-
ning of each class and then discussed in a 
seminar format. 
 
Each team of students produced four 24x36 
presentation boards for each case study 
building with accompanying text.  The 
boards were graded on the overall presen-
tation, thoroughness of research and com-
pleteness of the BIM.  One shortfall of the 
course was that case study information dis-
covered through the seminar readings, in-
formation the students found to be external 
of the physical building systems , was not 
found uniformly by all teams.  Additionally, 
the information found was somewhat super-
ficial and not achieving the depth of inquiry 
necessary to fully understand the issues 
surrounding spatial production in Lefebvrian 
terms.  This may have been due to factors 
including project selection not lending itself 
well to these types of discoveries or the par-
ticular perspective each respective student 
team.  Additionally, this level of investigation 
may not have been realistic within the 

course structure and expectations. In many 
instances the students discovered the in-
formation as part of their research, as op-
posed to seeking out these larger issues 
framing their projects.  This was in many 
ways the most exciting aspect of the case 
studies, witnessing the students uncover 
findings on their own and presenting them 
to the class, dispelling many myths regard-
ing design, academia and practice. 
 
As a teaching and learning model, the three 
aspects of the course allowed the students 
the opportunity to analyze particular case 
study buildings from a systems perspective, 
not limited to just the building but to include 
larger external issues that influence or dic-
tate how buildings comes into being.  As a 
final analysis, the students were issued a 
blue book final to present an essay that 
culminated their findings over the semester.  
The essay was a response to Michael 
Benedikt’s introduction to the Center 10 
publication entitled, Value, where he con-
templates that our physical environment 
must not be valued due to our built envi-
ronment becoming increasingly more com-
modified and devalued, subject to short 
term investment and resale.16  The student 
responded favorably to the opportunity of an 
essay final, one student writing, “It is time 
for architects to embrace the scientific ap-
proach used by other industries to develop 
and utilize new materials which will improve 
the manner of living experienced by the 
general public.”17 
 
Case Studies 
 
What follows are examples of the student’s 
case study projects and their findings.   
 
[British Pavilion, Seville expo]-  The British 
Pavilion at the Seville exposition in 1992 by 
Nicholas Grimshaw and Partners is an in-
triguing case study from the aspects of sus-
tainability as well as the projects fabrication, 
delivery and assembly methods.  As a study 
in sustainability the building is a collection of 
passive energy and climate moderating sys-
tems working together to temper the scorch-
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ing heat of Seville.  Fabric shading devices, 
a water cooled curtainwall and trombe wall 
created from water filled shipping containers 
were employed to create a tempered envi-
ronment inside the pavilion while photo-
voltaic panels created energy from the sun 
for electrical pumps and other necessary 
items.   
 

 
 
Figure 3. Image from British Pavilion presentation. 
Students:  Doug Halsey and Scott Macbeth 
 
As a study in energy conservation and sus-
tainable technologies, the building is a vir-
tual cornucopia of interrelated systems 
working in concert to create a pavilion that 
was both innovative and comfortable for 
thousands of visitors.   
 
Equally important to the sustainable issues 
is the fabrication, delivery and assembly of 
the building as a study in the logistics of 
global architecture.  The building, produced 
in Britain, was constructed almost entirely of 
prefabricated parts, transported to Seville 
and assembled on site.  With the building 
being produced in Britain, the logistics per-
taining to international shipping routes, con-
tainer sizes as well as trucking to the site 
became critical to the design of the project.  
It could be argued that these criteria were 
the primary design constraints imposed on 
the project, occupying the talents of both the 
designers and fabricators: 
 
“…These too would have been fabricated in 
Britain and shipped in containers, probably 
via the nearby port of Cadiz.  The more dis-
tant port of Santander on the north coast 

offered more flexible handling facilities, 
however, and after checking the road route 
via Madrid for possible bottlenecks, the de-
signers and fabricators decided that it was 
feasible to transport much larger compo-
nents, up to 24 metres long and weighing 
up to 7.5 tonnes.”18 
 
In addition to the travel logistics, the building 
is also a study in prefabrication and the use 
of related technologies, in this case yacht 
sail and rigging design.  The students real-
ized this during the initial case study re-
search and were able to look at the design 
of the pavilion through the lens of fabrication 
and transportation, similar to Grimshaw’s 
office, in their documentation of the sys-
tems. 
 
[Milwaukee Art Museum]-  The Milwaukee 
Art Museum completed in 2002 by Santiago 
Calatrava has become a landmark and des-
tination museum for the City of Milwaukee.  
The building is best identified by its distinc-
tive curvilinear skeletal form with prominent 
mobile brise-soleil ‘wing’ shading devices.   
 
The students had assumed that the winged 
brise-soleil shading device was in fact that, 
a shading device, and had reserved this 
item to be included in their mechanical sys-
tem analysis.  They were surprised to con-
clude that in fact the shading device was 
nothing more than ‘signage’ for the mu-
seum. 

 
 
Figure 4. Image from Milwaukee Art Museum presen-
tation. Students:  Lance Hayes and Josh Vernon 
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“It is most intriguing that the most captivat-
ing elements, the mobile wings, are in fact 
not an integrally important component to 
any of the systems.  Paraphrasing Charles 
Loomis, facilities engineer at the museum- 
there have been many speculations as to 
the operation and functionability of the 
brise-soleil, but in fact, it is really just a tour-
ist attraction.”19 
 
This is part of the landmark status that mu-
seums have gained over the past few years.  
Museums in many ways have become des-
tination points for economic gain.  This 
global phenomena is best expressed by 
David Harvey in his article, The Invisible 
Political Economy of Architectural Produc-
tion, discussing explorative economic suc-
cess similar to ‘…the Cargo Cultists of 
Papua New Guinea, who seek to lure pass-
ing aircraft to earth by building imitation 
landing strips in the vague hope that some 
might land.’20 
 
[Blur, Swiss expo]-  The ‘Blur’ project, one 
of the pavilions for the Swiss exposition in 
2002 by Diller & Scofidio creates a case 
study in the variability of the environmental 
systems employed, in this case fog, as well 
as in the unpredictability of the capitalist 
system at large.  Constructed on the shore 
of lake Neuchatel, this temporary structure 
was equipped with a state of the art fog sys-
tem and other technologic innovations that 
created a pavilion that became much more 
than the sum of its parts. 
 
One such move was in the areas of market-
ing and advertising.  The project was ac-
companied by a massive marketing blitz 
that resulted in the image of the ‘blur’ on 
vodka bottles, candy bars, packets of sugar, 
stamps, phone cards and even lottery tick-
ets throughout Switzerland.   

           
 
Figure 5. Image from  ‘Blur’ presentation. Students:  
Eric Druse and Jim Howeth 
 
Another intriguing aspects of the Blur pro-
ject, and tied to aspects of capitalism, was 
the ‘braincoat’ raincoat.  The ‘braincoats’ 
were technologically enhanced raincoats 
that incorporated smart systems to store 
personal data of each individual wearer for 
‘communication’ while in the cloud.  Utilizing 
tracking and location technologies, the 
coats were able to compare personal data 
between individuals that came into proximity 
and light up or produce sounds to react to 
the degree of attraction found between each 
individual’s personal data.  Sadly, the 
‘braincoat’ was never to be utilized due to 
lack of funding by a corporate sponsor.  In 
this case the students were able to see how 
design is subject to the fickle world of corpo-
rate finance and economics.  Financial sys-
tems, unrelated to architecture, in this case 
substantially impacted the desired effect of 
the architectural experience and while capi-
talism was able to exploit the branding of 
‘blur’ as a national icon, it was unable to en-
sure one of the more intriguing aspects of 
the project. 
 
Conclusions 
 
In summation, the building information 
models, presented in a system by system 
format, gave the students an opportunity to 
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analyze the material and building systems 
that were utilized in each project.  It also 
made them more aware, through the con-
struction of the models, of the interrelation 
and interdependency of each major system 
to the building as a whole.  The perform-
ance mandates enhanced the level of inves-
tigation between the various systems allow-
ing for in depth synthesis and evaluation 
that could not have been possible with a 
more conventional case study analysis.  Fi-
nally, I believe the reading and seminar dis-
cussions stimulated an additional level of 
investigation into each project with an un-
derstanding  of the logic and decision-
making processes that occurred before, dur-
ing and after the initial design and on into 
the construction process.  
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Building Skin:  Designing in Full-Scale 
Kathrina Simonen 
California College of the Arts 

Designing the Detail 

Architecture students in an advanced de-
sign studio at the California College of the 
Arts analyzed the performance and created 
full-scale detail models of cladding systems 
proposed for the San Francisco Academy of 
Sciences Building in San Francisco, (then 
still under design), by Renzo Piano’s Build-
ing Workshop.   This exercise set the stage 
for a dynamic studio, focusing on performa-
tive building skins, in which the students 
were actively engaged in the resolution of 
their own design proposals to the level of 
the detail:  first through the re-design of the 
facade system for Morphosis's San Fran-
cisco Federal Building and second through 
the design of a pavilion adjacent to Herzog 
and deMeuron's deYoung Museum in San 
Francisco’s Golden Gate Park. 

 

Figure 1.  Students presenting models and drawings 

Working with the project architects from the 
offices of the Building Workshop (Brett Ter-
peluk), Morphosis (Tim Christ) and Herzog 
and deMeuron (Christopher Haas), we con-

figured the studio to take advantage of the 
three exemplary buildings by these firms in 
design or construction in San Francisco.  
Over the course of the semester, students 
studied the design and detailing philoso-
phies of the three offices in particular look-
ing at the differing approach to detailing the 
building skin.   

 

 

Figure 2. Sectional model  

The primary intent of the full scale modeling 
exercise was three-fold: to demonstrate the 
benefit of studying designs at full-scale, to 
provide students the opportunity to translate 
abstract two-dimensional construction draw-
ings to three-dimensional form and to pro-
vide a framework to teach the technical per-
formance and construction issues relevant 
to building envelope design.  Becoming 'ex-
perts' on how one facade system was re-
solved, both technically and aesthetically, 
helped the students understand how their 
designs would be manifested in full-scale 
details and become critically engaged in the 
creation of details that support primary de-
sign intent. 
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Process 

Given access to design development draw-
ings for the San Francisco Academy of Sci-
ences Building, students were asked to first 
analyze a facade system and then refine the 
details to address issues of aesthetics, con-
structability, and performance in the crea-
tion of full-scale models of portions of the 
building.  Interestingly, this building has at 
least five distinct types of exterior skin, 
which permitted groups of two to three stu-
dents to work on unique systems, with each 
student developing a portion of that system 
at full-scale.  This created an atmosphere of 
collective learning.  In addition, the exercise 
highlighted the differences and similarities 
of different systems, providing a rich pool of 
models for discussion.   
 
The students were required to extrapolate 
and interpret Piano’s design intent in the 
resolution of the details.  Through lectures, 
discussions and critiques with Piano’s archi-
tectural team, and independent research 
into the history of the Building Workshop, 
students were able to appreciate the archi-
tect’s design philosophy and understand the 
performance intents for the complex façade 
systems of this building.  

 

 

 

Figure 4:  Full scaleoperable window model 

 

 

 

 

Figure 3:  Digital model and exploded axonometric of operable window system 
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The Building Workshop's tradition of finely 
articulated and often custom fabricated 
building components made the study of their 
details at full scale particularly appropriate.  
The office has a tradition of designing in full 
scale--both prototypes for custom fabrica-
tion of components and mock -ups of build-
ing assemblies--to evaluate design integra-
tion. Seeing photographs of the office's 
model shop, detail studies and building 
components helped the students recognize 
how the modeling effort is integrated within 
a broader design practice.  Understanding 
this design culture gave the exercise pro-
fessional relevance as students could see 
how the exercise could benefit the design 
documentation and the resulting built prod-
uct. 
 
 

 

Figure 5:  Exploded axonometric and model of custom 
steel façade system 

We asked students to select a region of in-
tersection between horizontal and vertical 
components of the building so that they 
would study more than the sectional infor-
mation presented in a typical construction 
detail.  Initially students analyzed the skin 
systems to establish performance objectives 

and to create full-scale fabrication/assembly 
drawings.  During this component, the fac-
ulty presented examples of methods to 
visually describe building performance and 
instruction on the conventions of construc-
tion drawing notation.   
 

 

Figure 6:  Roof connection detail model 

 

 

Figure 7: Custom operable façade model 
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As the assignment was designed to study 
detailing and design intent rather than con-
struction process, we required the students 
to model geometry of assembly components 
and material translucency rather than use 
actual materials.  Thus students created 
models of inexpensive and easy to manipu-
late materials.  The geometry and assembly 
of the components inherently addressed 
issues of material and construction (expan-
sion joints, cast steel vs. built up steel 
plates, slotted holes for building movement 

and construction tolerance etc) and thus the 
physical  
conditions of actual construction and fin-
ished product became integral to the dis-
cussion, even if the materials were not rep-
licated.   We intentionally focused the stu-
dents' effort towards gaining understanding 
rather than manipulating or representing 
materials.  Restricting the color palate to 
gray-scale helped to simplify the project and 
to create elegant results. 

 
Design Translations 

The success of this introductory exercise 
translated to enthusiasm and successful 
detail exploration in the second exercise, in 
which the students were asked to conceive 
of an alternate cladding system for the San 
Francisco Federal Building by Morphosis.  
The primary performance requirements 
(shading and natural ventilation) of this 
building’s  non-structural cladding system 
were to be met within the framework of the 
(then nearly complete) primary concrete 
structure.  The students were able to tour 
LA, the Morphosis office and the construc-
tion site as well as study construction and 
fabrication drawings of the skin as de-
signed.   Morphosis’s use of 3D prints to 
version their designs as well as large scale 

physical models to study complex internal 
space and custom fixtures reinforced the 
value of the physical even when much of 
the design occurred within the digital realm. 
 
The final project required the students to 
design a freestanding cafe pavilion adjacent 
to the Herzog and deMeuron's deYoung 
Museum. Touring the nearly complete mu-
seum gave the students the opportunity to 
study a dramatically different approach to 
treating the building skins as surfaces, sol-
ids and translucencies with smooth transi-
tions rather than tectonic assemblies and 
discuss the design, detailing and construc-
tion implications of these decisions. The ob-
jective of the final exercise was to give stu-
dents the freedom to establish design intent 
and translate this to the design of a full-
scale detail for this proposal.  Although in-

 

 

Figure 8:  Thermal performance study of student design of Federal Building re-skin 
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troduction of the third firm was quite effec-
tive in advancing the discussion, the objec-
tives of the studio would have been better 
served by continuing to develop the designs 
of the second project. Even within the fairly 

constrained design problem, students had 
developed individual design direction that 
could have benefited from having more time 
to develop.  

  

Conclusions 

The preliminary modeling exercise was ef-
fective in getting the students engaged 
quickly with designing towards the 1:1 fin-
ished construction.  The problem had sig-
nificant knowns (knowledge to be obtained) 
and unknowns (problems to be solved) 
which ensured it would be both instructive 
and creative.  Although the students initially 
perceived this aas an analytic exercise, they 
quickly shifted to seeing this as a design 
problem, becoming engaged in the chal-

lenge of integrating performance, construc-
tion and aesthetic objectives. 
 
Developing the details of a Building Work-
shop design was particularly didactic as full-
scale exploration is typical of the office in 
practice.  This façade system was an ideal 
model for students new to designing at the 
scale of the detail since detail is critical to 
articulating the architectural vision and es-
sential to the character of Piano’s architec-
ture.  

 

 

Figure 9:  Student proposals for the Federal Building re-skin 
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Having the opportunity to study exemplary 
and diverse projects and firms helped to 
develop students’ understanding of con-
struction detailing as a design process.  It 
emphasized that, rather than look for 'cor-
rect' or 'standard' solutions, they should be 
looking for solutions that support the overall 
design intent.  This recognition helped to 
emphasize the importance of articulating a 
clear design intent that can be effectively 
communicated to the typically large and di-
verse teams that must work together to cre-
ate a finished building. 

 

 

Figure 10:  Students presenting with their models 

 

The pedagogical value of building at full 
scale clearly transcends the specifics of the 
specific firms and buildings.  The students 
pride in their work and confident ability to 
apply their newfound technical knowledge in 
their own design work was a compelling ar-
gument towards future variants of this exer-
cise.  Although a similar full-scale modeling 
exercise could be translated into a seminar, 
we found that integrating the technical 
learning within the studio helped invigorate 
the studio with the dynamic mix of tech-
nique, research and innovation that is rep-
resentative of an integrative practice. 

 

Credits: 

This studio was part of a series of Spon-
sored Advanced Studios at the California 
College of the Arts conceived of by Rodol-
phe el Khoury, chair and coordinated by 
Neal Schwartz, Associate Professor.  These 
studios were awarded a NCARB prize in 
2006. 
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Specifications and Cost in Architecture Education 
Ryan E. Smith 
University of Utah 

 
Introduction 

The National Architecture Accreditation 
Board (NAAB) outlines 34 performance cri-
teria that must be evidenced by students in 
architecture programs.  According to the 
2005 procedures for accreditation, NAAB 
Student Performance Criterion 25 Construc-
tion Cost Control reads, “Understanding of 
the fundamentals of building cost, life-cycle 
cost, and construction estimating”.  Criterion 
26 Technical Documentation reads, “Ability 
to make technically precise drawings and 
write outline specifications for a proposed 
design”.  While necessary to be an accred-
ited program granting professional degrees 
to future practicing architects, build-
ing/facilities cost, cost estimating and speci-
fications are difficult criteria to fulfill and of-
ten challenging to locate by visiting accredi-
tation teams.1  Because of this it is unclear 
as to what degree architecture students 
learn costing issues in construction/facilities 
management and an ability to write an out-
line specification.   
 
Recent discrete surveys by Christine Theo-
doropoulos and David Thaddeus concerning 
architecture education have revealed that 
one of the primary reasons for absent tech-
nical information in curricula is due to the 
lack of teaching materials available to fac-
ulty for instruction.2  In an effort to fill a 
missing gap and provide materials to teach 
cost and specifications, the author is devel-
oping a education module supported by Ar-
chitectural Computing (ARCOM), publisher 
of MASTERSPEC, the industry standard  for 
specifications.  Additional key stakeholders 
participating in the project include: RS 
Means, industry standard for construction 
costing, Association of Collegiate Schools of 

Architecture (ACSA), and the Construction 
Specifications Institute (CSI).   
 
This paper will present background re-
search that has been prepared for the afore-
mentioned education module in an effort to 
receive feedback from symposium partici-
pants regarding the theory, and method of 
development of such a module.  The paper 
will: explain the NAAB process including 
visiting team selection and student perform-
ance criteria development as a precursor to 
why and how specifications and costing are 
considered necessary for accreditation; 
evaluate the role of architects in specifica-
tion development and cost assessment to 
justify the need for such a module; review 
current teaching resources and methods; 
and finally suggest the direction of a specifi-
cation and costing teaching tool that the au-
thor is developing with a industry partners.      
 
Understanding NAAB 

In order to understand the intention and va-
lidity of the student performance criteria in 
establishing the accreditation of architecture 
programs, a background of NAAB’s opera-
tions must be understood.  The National 
Architectural Accreditation Board is the sole 
agency authorized to accredit U.S. profes-
sional degree programs in architecture.  
There are currently 114 schools offering 
NAAB accredited professional programs in 
architecture, leading to the Doctor of Archi-
tecture, Master of Architecture or Bachelor 
of Architecture degree.  A NAAB accredited 
degree is required by most states in order 
for interns to prepare for licensure and take 
the Architectural Registration Exam (ARE).  
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The standards and procedures for accredi-
tation of a professional program in the U.S. 
by NAAB are developed by the Executive 
Committee in collaboration with representa-
tives of collateral organizations including: 
ACSA, American Institute of Architects 
(AIA), National Council of Architectural Reg-
istration Boards (NCARB), American Insti-
tute of Architects Students (AIAS) and the 
public.  The collateral group constitutes the 
NAAB Board of Directors. (Figure 1)  In ad-
dition to the 34 criteria discussed, NAAB 
also requires 12 conditions to ensure that 
accredited programs produce graduates 
who are “competent in a range of intellec-
tual, spatial, technical, and interpersonal 
skills; understand the historical, socio-
cultural, and environmental context of archi-
tecture; are able to solve architectural de-
sign problems, including the integration of 
technical systems and health and safety 
requirements; and comprehend architects’ 
roles and responsibilities in society.” 3 

Figure 1:  NAAB Standards and Procedures decision 
makers.  Members of the Executive Committee are 
drawn from the Board of Directors and represent at 
least one each of the ACSA, AIA, and NCARB. 

Changes, edits, or additions to procedures 
and criteria are instigated by any of the col-
lateral organizations and/or special interest 
groups.  These changes are discussed and 
voted upon once every three years at the 
NAAB Accreditation Review Conference 
(previously called the NAAB Validation Con-
ference) where the Executive Committee, 
the NAAB Board, invited additional repre-
sentatives of the collateral organizations 
and other individuals from lobbying interest 
groups meet. The next NAAB Accreditation 

Review Conference is to be held in 2009 
with proposals for addendum being ac-
cepted in the summer of 2008.4 

Sharon Matthews, Executive Director of 
NAAB indicates that the changes that led to 
criteria 25 and 26 dealing with cost and 
specifications came from a holistic rework-
ing of the technical criteria for accreditation 
and not from a specific interest group or-
ganization representative/board member.  
These changes were made at the 2003 Ac-
creditation Review Conference and were 
implemented in 2004, effective to accredita-
tion criteria starting spring 2005 accredita-
tion visit reviews.  The criteria are much 
more specific than the previous set of crite-
ria from 2002 regarding technical standards. 
Another change that occurred from the 2002 
to the 2005 version of student criteria was 
the abandonment of the term “Awareness” 
in describing the extent to which students 
are required to demonstrate learning.  In-
stead, only the terms “Understanding” and 
“Ability” are used to determine student per-
formance evidenced in the student work. 5   

“Understanding”, according to NAAB, refers 
to the “assimilation and comprehension of 
information.  Students can correctly para-
phrase or summarize information without 
necessarily being able to relate it to another 
material or see its fullest implications.”  
Therefore, according to NAAB criteria 25, 
students must demonstrate that they com-
prehend the fundamentals of cost, life-cycle 
cost, and estimating.  “Ability” according to 
NAAB refers to the “skill in relating specific 
information to the accomplishment of the 
tasks.  Students can correctly select the in-
formation that is appropriate to a situation 
and apply it to the solution of specific prob-
lems.”  This definition then indicates that 
according to criteria 26, students must have 
skill in writing outline specifications for a de-
sign proposal. 6 

Although the criteria must be met for a pro-
gram to maintain or initially obtain accredita-
tion, the manner in which it is met is not 

Board of Directors: 
3 members of ACSA, 3 mem-
bers of AIA, 3 members of 
NCARB, 2 members of AIAS, 
and 2 members of the public 

Executive Committee: 
President, President Elect, 
Treasurer, Secretary 

NAAB stan-
dards and 
procedures 
for accredita-
tion 
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specified nor is the method of determination 
of met criteria by visiting teams members 
entirely scripted.  The criteria are then 
guidelines to evaluate a curriculum for bal-
ance in all areas of architecture and ensure 
that students are obtaining a well rounded 
education.  Additionally, NAAB visiting 
teams encourage schools to develop cur-
riculum and coursework that supports an 
overall pedagogical identity, suggesting that 
each architecture program have its own 
unique method for teaching specifications 
and costing, deciding in what format, loca-
tion in the curriculum, etc. the topics occur. 7 

In order to ensure that programs maintain a 
high standard of education, accreditation 
assessment visiting teams are assembled 
from the collateral groups and flown to a 
school’s location to evaluate the program 
and determine accreditation continuance.  
NAAB avoids a conflict of interest and 
makes every effort to confirm that team 
members and all observers have the quali-
ties to represent a balance and diversity of 
views about the education of architecture.8  
Although collateral representatives work to 
maintain objectivity, individuals from specific 
organizations, foster attitudes that are natu-
rally more of interest to the organization for 
which they represent.  For example, 
NCARB Health and Safety Welfare (HSW) 
requirements for the Internship Develop-
ment Program (IDP) and the ARE tend to 
sway the opinion of its representative to-
ward the technical areas of professional 
practice, including the topics of specifica-
tions and cost.  Although this subjectivity 
can be viewed an undesirable, it is also a 
positive idiosyncrasy as it ensures that a 
wide range of topics and teaching are being 
advocated within a visiting team and there-
fore are being expected within a program 
curriculum. 9  

NAAB is empowered with the ability to place 
criteria meeting deficient schools on a three 
year probation with a return visit for evalua-
tion.  After the 3 years, if the items of con-
cern are not met, a school may be stripped 
of its accreditation.  Schools that pass ac-

creditation are given a 6 year term.  A pro-
bationary period is not uncommon even 
among reputable and deeply seeded school 
of architecture. 10  

For schools of architecture, fulfilling NAAB 
criteria and meeting pedagogical goals is 
often difficult to reconcile.  The short time 
allotment for architectural education (5-6 
years) coupled with an intensive post 
graduation professional internship require-
ment (3 years minimum) in preparation for 
taking the Architectural Registration Exam, 
persuades many academics to view certain 
NAAB student performance criteria as ex-
haustive, unrealistic, and not pertinent to the 
purpose of architectural education.  Many 
think that some criteria are better suited for 
the professional internship period following 
graduation.  The question whether or not it 
specifications and cost is appropriate for 
academics is even more controversial.  
However, if the role of the architect can be 
defined with regard to specifications and 
cost in a project’s life-cycle, then a valida-
tion of the NAAB criteria 25 and 26 is justi-
fied as a precursor to the actual activities of 
architects within practice.   

Role of the Architect 

Role in Specifications 

Specifications have changed over the 
course of building history in the U.S., how-
ever, the basic notion of the designer com-
municating intention through specifications 
has remained ever-present. (Rosen vii)  As 
design and construction becomes more 
complex due to new and technically innova-
tive materials, form making possibilities, and 
advanced construction methods and sys-
tems, architects have a greater responsibil-
ity to understand the role of specifications in 
the process of building.  Often the idealized 
practice model that is presented to students 
is Frank O. Gehry Associates (FOGA).  It is 
noted that although Gehry has not produced 
specifications for the most recent projects in 
his office, his interest in specifications is ob-
vious and integral to the design decision 
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making process in the studio.  At the 50th 
Annual CSI Convention in Las Vegas in late 
March 2006 Gehry, along with colleague 
Dennis Shelden, discussed building infor-
mation modeling and the difficulty, yet ne-
cessity of the role of specifications in that 
process.  The “4 Cs” of specifications from 
CSI describe communication being clear, 
concise, complete and correct are a con-
cern for any design, especially geometrically 
and spatially complex design/construction 
projects such as the Disney Concert Hall.11  
As building information modeling becomes 
more ubiquitous in architectural unique and 
standard practices, the role of specification 
understanding and control will be para-
mount (Figure 2) 

 

Figure 2:  Walt Disney Concert Hall, Los Angeles, CA. 

With regards to all kinds of practice there-
fore; what is the role of the architect with 
respect to specification writing and devel-
opment?  When making design decisions 
with respect to specs, architects must make 
certain choices that determine the direction 
of construction including:  functional per-
formance, aesthetic result, legal issues, 
economics, and sustainability. (Allen 12)  
This decision making process however does 
not happen systematically or thoughtfully 
and often specifications in practice are 
thrown together in a haphazard and ad-hoc 
manner borrowing from previous projects 
within a firm and piecemeal a less than de-
sirable or accurate description of building 
materials and systems.12  It is paramount 
therefore that students of architecture un-
derstand specifications and are able to be-

gin developing specifications in perspective 
of the design decision making process in 
order to communicate effectively with build-
ing contractors later down the road.   

Rosen and Regener in Construction Speci-
fication Writing present a thorough guide to 
specification writing for architects and engi-
neers.  They discuss that in order to be pre-
pared for specification writing architects 
must understand the role of specifications in 
the design and construction process as an 
integral part to communicating design inten-
tion in tandem with drawings.  “Most condi-
tions of the Contract recognize the signifi-
cance of construction specifications and re-
fer to the Specifications as part of the Con-
tract Documents, with importance equiva-
lent to that of the Drawings.”  Rosen and 
Regener therefore argue that the architect 
should be just as skilled at preparing specs 
as in preparing drawings, although much of 
our education in the academy and intern-
ship in firms is focused on graphic represen-
tation.  The importance of specifications is 
increased by the fact that legal issues aris-
ing with respect to construction litigation are 
resolved by attorneys who’s limitation to un-
derstanding information relies on 8.5x11 
pieces of paper.  Specifications inevitably 
become the significant determining factor in 
construction legal disputes. (1-3)             

Role in Costing 

Architects and issues of cost have been the 
point of discussion and debate among the 
AIA for many years.  The AIA Handbook of 
Professional Practice reads, “The liability 
crisis of the 1980’s pushed architects further 
from job site responsibilities and pressed 
new risks on contractors”. (170)  Owners 
sought after a way in which to manage cost 
and therefore the role of the construction 
manager was born.  An 1844 document of 
specifications and costs for a building illus-
trates the responsibility and control the ar-
chitect had over the budget (Figure 3). To-
day, projects are built quicker, involve many 
more stakeholders, and entail more risk that 
those over 150 or much less, 20 years ago.   
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The concern among architects regarding 
cost involves maintaining too much respon-
sibility or risk over control project budgeting 
during project life-cycle.  To deal with risk 
the AIA has started a Risk Management 
Committee and adjoining website called 
“AIA Trust”13 that aids professionals in re-
solving issues of risk, insurance, etc.  Since 
the then, ironically, the 1997 edition of the 
American Institute of Architects Standard 
Form of Agreement between Owner and 
Architect (AIA B141-1997) was developed 
and has fundamentally changed the role of 
the Architect regarding responsibility for 
controlling construction costs by placing 
more charge on the architect to ensure that 
costs are not overrun during the preliminary 
and later stages of a projects progression. 
(Zambito)    This change to the AIA B141 
however makes sense in a time when digital 
modeling for schedule and costing poten-
tially allow design teams to test simulation 
scenarios for owners in order to anticipate 
cost overruns.  The advent of building in-
formation modeling again will demand that 
architects understand more holistically the 
role of cost in project preliminary and later 
phases of construction and on into facilities 
management.   

The design/bid/build contract structure in 
the U.S. puts architects and engineers at an 
adversarial relationship with builders.  The 
transfer of information happens at the sign-
ing of the agreement between architect and 
owner and contractor owner respectively.  In 
order for the efficiencies of design and con-
struction to take place a reworking of con-
tract structures is necessary to suggest a 
more collaborative, less conflict inducing 
process for construction that will lead to re-
duced RFI and change orders and thereby 
reduce the inefficiencies and cost.  Although 
contracts are being reworked by the AIA, 
much of this can be mitigated in short-term 
through the quality and precision of specifi-
cations.  Therefore, the architects’ role must 
be one of integrated understating of specs 
and cost.   

With respect to construction cost, the AIA 
Handbook states that the architect’s role 
entails: providing within the budget limita-
tions, an appropriate use of resources and 
value for the money, optimize longer-term 
life cycle costs, and to provide to the owner 
relevant cost information related to design 
decisions.  Cost estimating for construction 
is generally done by single-unit rate meth-
ods such as area or volume, elemental 
methods such as assemblies or systems, 
and/or quantity survey methods.  For the 
purpose of instructing students of architec-
ture however, a basic understanding of what 
is involved in contractor estimating including 
time and materials, and life-cycle cost is-
sues is appropriate. (349)    

NAAB criteria justification 

In summary, the NAAB criteria for specifica-
tions indicate that students should demon-
strate an “Ability” to write outline specifica-
tions for a design proposal is consistent with 
the expectation of practicing architects to 
write specifications for a design project.  An 
introduction to what specifications entail, 
their role, and how to begin to write them is 
then important in preparation for an office 
environmental to continue the process of 
learning how to actually write and craft an 
effective and complete specification.  Like-
wise the NAAB criteria for cost indicates 
that students should demonstrate an ‘Un-
derstanding’ of building cost, cost estimating 
and life-cycle cost.  This criterion is consis-
tent with the expectation in practice from 
architects to participate in preliminary cost 
estimating.  Often architects are not directly 
involved in construction pricing, however 
need to understand the methods of deter-
mining cost in order to read estimates and 
inform the client in design decision making 
process.   
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Figure 3:  List of building specifications and costs 
compiled by Alexander J. Davis for David L. Swain, 
1844.  Used with permission of The University Library, 
The University of North Carolina at Chapel Hill 

Teaching Resources 

Various resources exist for teaching specifi-
cations and costing, however, each re-
source is specific to an audience, without a 
cohesive resource existing for instructing 
students on a variety of levels regarding 
these technical topics.  Resources exist 
from both education and industry.  In this 
section an overview of the available materi-
als will be discussed for their potential con-
tribution to teaching specifications and cost 
in architectural education. 

Specification Resources 
 
A host of specification formats called classi-
fications have been developed to organize 
information in a building project.  The indus-
try standard for specification formatting in 
the U.S. and Canada is MasterFormat, in-
troduced in 1963 by CSI and CSC (Con-
struction Specifications Canada). 
MASTERSPEC is based on MasterFormat 
1995 classification system and was devel-
oped by the AIA.  MASTERSPEC is pub-

lished by ARCOM.14  MasterFormat 1995 is 
organized into 16 primary divisions that cor-
respond with manufacturers’ technical cata-
loging and filing system.  Its new 2004 edi-
tion, MasterFormat is further articulated into 
50 classifications.  MasterFormat is organ-
ized by construction trades to provide a 
combination of products and methods.  “The 
main purpose…is to organize the project 
manual, reference keynotes, and detailed 
cost estimates.” (CSI PRM 5.28)  Both Sec-
tionFormat and PageFormat are sub-
organizational levels also developed by CSI 
to work within the larger overarching Project 
Manual under the MasterFormat classifica-
tion system. 
 
UniFormat (NISTR 6389), first introduced in 
1998 by the CSI and ASTM organizes con-
struction information by elements, systems, 
and assemblies.  The systems are therefore 
characterized by use or function and not by 
specific product.  UniFormat is then used for 
“performance specifying and preliminary 
cost estimating.” (CSI PRM 5.28)  The most 
recent edition is called UniFormat II and ex-
pands it use over additional phases of a 
building project’s life cycle including: plan-
ning, programming, design, construction, 
and operations. (NISTR 6389) 
 
Most recently developed, OmniClass Con-
struction Classification Systems (OCCS) 
incorporates both MasterFormat and Uni-
Format as a broad brush organization tool 
throughout the life of a project. Under Om-
niClass hierarchies of formats exist, with 
Uniformat providing early stage specification 
information, MasterFormat providing project 
specific construction documentation and 
life-cycle information, and Sec-
tion/PageFormat used to organize sections 
in more detail.  (Figure 4) 
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Figure 4:  OmniClass Construction Classification Sys-
tem (OCCS) 
 
The outlines of classification systems are 
readily available, but full extended versions 
are available at a premium.  Students gen-
erally are taught in programs a combination 
of UniFormat and MasterFormat, learning 
elements, systems, and assemblies that 
determine the schematic of a building de-
sign and the materials and manufacturing 
for construction trades.   
 
An example is the text Fundamentals of 
Building Construction: Materials and Meth-
ods by Edward Allen which provides an 
overview of MasterFormat but introduces 
the information in a combination of both Uni-
format and MasterFormat, sometimes cov-
ering topics with respect to material or 
manufacturer while other times describing 
systems and assemblies.  Nearly every 
chapter in Allen’s textbook provides the ma-
jor MasterFormat designations for the topic 
of the chapter(s) so that students may ref-
erence MasterFormat and technical litera-
ture for more information. (12) (Figure 5) 
 
Construction Specifications Writing, by 
Rosen and Regener, discussed in an earlier 
section, is an excellent resource for teach-
ing specification writing.  The text is its fifth 
edition and continues to be updated to pre-
sent the principles and procedures for 
specification writing for design profession-
als.  Valuable sections for instruction in-
clude Chapter 1 – 7 which discuss the pur-
pose of specifications, the relationship of 
drawings to specs, format of specifications, 
types of specifications, and specification 
writing principles. (pg. 1-53)  The last chap-

ter of the text, Chapter 21 introduces the 
concepts of outline and short form specifica-
tions which lends itself to architectural in-
struction (pg. 187) 
 
C.S.I / C.S.C. 
 
MasterFormat Section Numbers for Sitecast Con-
crete Framing Systems 
 
3300 CAST-IN-PLACE CONCRETE 
 
3310  Structural Concrete 
03345  Concrete Finishing 
03350  Concrete Finishes 
03365  Post-Tensioned Concrete 
03370  Concrete Curing 
03430  Structural Precast Concrete - Site 
03470  Tilt-Up Precast Concrete - Site 
 
 
Figure 5:  MasterFormat classification for Chapter 14 , 
Sitecast Concrete Framing Systems in Fundamentals 
of Building Construction, pg. 555.   
 
Costing Resources 
 
The AIA Architect’s Handbook of Profes-
sional Practice Thirteenth Edition (student 
edition) provides information for profes-
sional practice courses regarding  specifica-
tions in construction agreements, construc-
tion documents, and coordination with draw-
ings.  With respect to costing, the text cov-
ers the factors affecting building cost, life 
cycle analysis of cost, cost estimation prin-
ciples, and the availability of estimation soft-
ware.  The handbook therefore focuses on 
the role of the architect in specification writ-
ing and cost estimation/life cycle costs.  Be-
cause it is developed by the AIA, the text-
book reviews in depth MASTERSPEC and 
explains its functionality and advantages in 
project specifications through the use of 
SPECWARE, a parametric specification 
program for automating the writing of speci-
fications.  Although the text offers much in-
formation with respect to specifications and 
costing in relation to professional practice, it 
is simply a shortened version of the hand-
book for practitioners and does not offer any 
exercises or information on the activity of 
specification writing and/or cost estimation. 
(ix)         

UniFormat

Project Manual MasterFormat

SectionFormat

PageFormat
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Costing information is constantly in flux.  RS 
Means, an industry leader is a North Ameri-
can construction cost estimation data 
source that began with a single print publi-
cation in 1943 and has since grown to pro-
vide a range of construction estimating ser-
vices.15  For architects RS Means provides 
texts and software to estimate costs per 
square foot and assemblies estimating.  A 
new product “CostWorks” utilizes a para-
metric system to evaluate costs.  Other in-
dustry providers offer costing software and 
texts as well, including ACE Guide to Con-
struction Costs; however these resources 
tend to be too detailed for the purposes of 
practicing architects, must less students of 
architecture.  
 
The Construction Specification Institute Pro-
fessional Development Team and its sub-
group, the Academic Affairs Program Com-
mittee, oversee educational chapters.  The 
committee claims to build bridges between 
academia and the profession.16  Currently 
their method of support is by way of infor-
mation to chapters in many higher educa-
tion institutions.  These chapters can pri-
marily be found in community colleges or 
the engineering/construction management 
departments at universities.  Future pro-
grams have been discussed to include re-
search initiatives to universities and poten-
tial teaching resources via the CSI web-
site.17     
 
The CSI Project Resource Manual (previ-
ously the CSI Manual of Practice) publishes 
a student edition that is available at reduced 
cost.  The information however within the 
text is identical to the professional edition.  
The manual is organized into eight modules 
that reflect CSI’s “Facility Life Cycle” (1.5) 
Under each module, specifications and cost 
are discussed, however the manual is 
geared towards practice and treats the top-
ics exhaustively.  Jefferey Callahan, Profes-
sor of Construction Management at the Uni-
versity of Alaska discussed in his presenta-
tion at the CSI Convention in April of 2005 
that the CSI PRM it is so inclusive and com-

prehensive in its approach, the manual cov-
ers all the necessary aspects of both cost-
ing and specifications for architectural edu-
cation and serves as a excellent source of 
information.  However, the material is hid-
den within sections and chapters dealing 
with concurrent issues in professional prac-
tice and project delivery, making it inacces-
sible to students of architecture.  Addition-
ally, similar to the concerns of the AIA 
Handbook of Practice, the manual does not 
offer any exercises or information on the 
activity of specification writing and/or cost 
estimation.  The CSI Project Resource 
Manual is an excellent resource with a 
wealth of information in order to teach not 
only costing and specifications, but profes-
sional practice and construction documents.  
In order for the resource literature to enter 
into the classroom however, faculty must 
understand the content of such texts and 
critically develop lecture material, exercises, 
etc. in order for students to internalize and 
learn the information. (Callahan 5)  

 

Figure 6:  CSI Project Resource Manual, modules of 
“Facility Life Cycle”, Section 1.5  
 
 
Pedagogical Models 

Few models of implementing costing and 
specifications exist within architectural edu-
cation.  Of the models discovered, the most 
common location for specification and cost 
information to occur is within professional 
practice courses and second in Materials 
and Methods courses.  Within these classes 
one primary pedagogical models has been 
explored:    design based integrated learn-
ing. 
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At Montana State University Professor 
Christopher Livingston teaches a compre-
hensive architectural project that incorpo-
rates specifications and cost.  The specifica-
tion assignment involves first creating a 
comprehensive list of materials/assemblies 
to be utilized on the design project in the 
studio.  The students organize the materials 
and systems by MASTERSPEC outline divi-
sions and sections, and then create an out-
line specification.  Livingston indicated that 
critical to the assignment is the inclusion of 
example outline specifications for students’ 
reference during the exercise. 
 
Cost estimating was also performed during 
the assignment utilizing RS Means data 
through an elemental method for the mate-
rials/systems in the outline specification.  
The experience was reported successful by 
students and Professor Livingston because 
students had invested interest as it was 
their design project they were specifying.  
Another factor in the students’ success with 
the assignment is scale of the design pro-
ject kept to a small, manageable chapel of 
1300 square feet.18 
 
Another example of teaching specifications 
and cost is from Matthew Boomhower, Pro-
fessor at Woodbury University.  The mate-
rial is presented in a professional practice 
course.  Boomhower’s course includes re-
quired reading from The CSI Project Re-
source Manual and the AIA Handbook of 
Professional Practice.  Discussion in class 
involves topics related to the readings with 
specific learning outcomes focused on 
NAAB criteria involving cost and specifica-
tions.19         
 
Education Module 

The impetuous for developing a cost and 
specification module for architectural educa-
tion was instigated by Ted Smith and Chris-
topher Bushnell of Salt Lake based 
ARCOM, publisher of MASTERSPEC.  
Smith and Bushnell, the past and current 
president of ARCOM approached the author 
with interest in providing a response to 

NAAB technical criteria 25 and 26.  In con-
sulting with ARCOM it became apparent 
that in order to prepare properly for the 
module development, a process of gather-
ing background information became neces-
sary.  This paper represents this back-
ground research.  From this study, a sug-
gested direction will be proposed in this sec-
tion and orally presented in a plenary ses-
sion at the Building Technology Educators’ 
Symposium in order to receive feedback 
from colleagues and end users of the pro-
posed module.     
 
Before proposing a direction for develop-
ment of the education module, below is a 
summary of the research findings presented 
in this paper by topic heading: 
 
1- NAAB has established criteria for 
understanding cost and having ability to 
write outline specifications.  The criteria did 
not come from a specific source but from 
the board as a whole representing collateral 
organizations.  Each program of architec-
ture is encouraged to implement course-
work that is consistent with the pedagogical 
goals of the institution. 
 
2- The role of the architect in these ac-
tivities within practice is consistent with 
NAAB criteria: architects must have an abil-
ity to write specifications and an under-
standing of cost in a design project. 
 
3- Various resources exist for teaching 
specs and cost; however they are frag-
mented and buried within concurrent topics.  
If one could however pull the information 
from these resources in a useable format, it 
would be of great value to architecture edu-
cation.  The resources also fail to offer ex-
ercises for learning specs and cost. 
 
4- Few pedagogical models of teaching 
cost and specs in schools of architecture 
exist.  The examples that have been located 
suggest a design-based integrated project 
direction for the teaching of specs and cost.   
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To respond to the research findings, the 
proposal for the education module dealing 
with cost and specifications is envisioned as 
a website with four sections: literature re-
sources, lecture slides for instructors, mac-
ros enabled interactive parametric, and 
classroom specific exercises. (Figure 7)  
 
The first section of the website is proposed 
as an information source that links literary 
resources and acts as a “reader” to support 
the instruction in specifications and building 
cost.  The literature resources have been 
evaluated in this paper (CSI PRM, AIA 
Handbook, Construction Specifications Writ-
ing, Fundamentals of Building Construction) 
and serve as the basis for the information, 
however would be reformatted to be more 
accessible and specific to the topics of 
specifications and cost.   
 
In the second section, lecture slides are 
proposed to be available for download to 
accompany the resources in section one 
and to provide presentation materials for the 
instructor regarding cost and specifications.     
 
The third section is proposed to provide ac-
cess to outline specification information 
from ARCOM MASTERSPEC and costing 
data from RS Means.  The format would be 
macros based parametric interactive for stu-
dent to input data and test scenarios of 
specifications against cost to evaluate the 
impacts of design decisions.      
 
The fourth section involves boiler plate ex-
ercises to support both specifications and 
cost.  The exercises are essentially design-
based projects that take any size building 
and can run it through the macros interac-

tive parametric on the website to write an 
outline specification and test the systems 
against cost.  The purpose of the exercises 
are to work to develop ability for specifica-
tion writing by filling out an outline spec for 
materials and systems, and foster under-
standing for cost, testing case scenarios for 
the given materials.   
 
Materials and Methods instructors might 
utilize the web materials for a week of in-
struction and assignments, or for a specific 
study of a system or material discussed in 
class that student can practice specifying 
and/or costing.  Professional Practice 
courses could potentially also utilize the 
website for an activity related to the design 
studio where students test their design pro-
jects against cost scenarios.  In addition, 
structures and environmental controls 
classes could use this website to evaluate 
structural systems and alternative heat-
ing/cooling systems within the context of 
specification and cost.  For the case study 
method utilized in many architectural 
schools, student could research the specifi-
cations of a specific built project and per-
form schematic cost estimation.  As a web-
based module, students could potentially 
utilize the ARCOM and RS Means paramet-
ric for an unlimited types of projects in the 
studio and understand how cost and speci-
fication are determining factors in the proc-
ess of design.   
 
The module is conceptually therefore, flexi-
ble enough to allow for this to occur in any 
class dealing with the topics and be utilized 
to accept diverse pedagogical methods.   

 



 Specifications and Cost in Architectural Education    131 

 

 

References 

Architects Contractors Engineers Guild To 
Construction Costs 2006, Design and 
Construction Resources, Vol XXXVII, 
Copyright 2005 

Charette, Robert P. & Marshall, Harold E., 
Uniformat II Elemental Classification for 
Building Specifications, Cost Estimating, 
and Cost Analysis,  U.S. Department of 
Commerce, Technology Administration, 
Brown, National Institute of Standards 
and Technology, NISTIR 6389.  October 
1999.   

The Project Resource Manual CSI Manual 
of Practice 5th Edition,  The 
Construction Specifications Institute, 
McGraw Hill 2005.   

The Architect’s Handbook of Professional 
Practice Thirteenth Edition, The Ameri-
can Institute of Architects, John Wiley 
and Sons, Inc. 2002  

Rosen, Harold J. & Regener, John R., Con-
struction Specifications Writing Princi-
ples and Procedures Fifth Edition, M.D. 
Morris Ed. John Wiley and sons, Inc. 
2005.    

 

 

Allen, Edward & Iano, Joseph,  Fundamen-
tals of Building Construction Materials 
and Methods Fourth Edition, John Wiley 
and Sons 2004.   

Callahan, Jeffrey C., “Using the CSI Project 
Resource Manual – CSI Manual of Prac-
tice in College Curriculum”, Construction 
Specifications Institute Convention, April 
23, 2005.    

Hall, Dennis J., Understanding “CSI Format” 
Construction Specifications Institute 
New Digest, August 2004. 

NAAB Procedures for Accreditation for Pro-
fessional Degree Programs in Architec-
ture 2005 Edition, The National Archi-
tectural Accrediting Board, 
www.naab.org.   

Zambito, Victoria, “Role of Architect in Con-
trolling Construction Costs”, redvector.com, 
September 19, 2000, July 30, 2002 Update. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7:  Specification and Cost Module Conceptual Website Organization 

WEBSITE 

I.  RESOURCES 
 

CSI PRM 
 

AIA Handbook 
 

Const. Spec Writing 
 

FBC 

II.  Lecture Slides 

IV.  INTERACTIVE 
MACROS 

 
ARCOM 

MASTERSPEC 
 

RS MEANS 

III.  EXERCISE(S)
 

Given Scenario 
 

Design Based 
 

Integrated Project 
 

Case Study 



132 Building Technology Educators’ Symposium August 2006 Proceedings  
 

Notes 

 
1 Interview with William Miller, FAIA & NAAB 
visiting team leader, June 2006.  
 
2 AISC Survey of NAAB programs, David 
Thaddeus 2005 & NSF Seismic Survey of 
Architecture Programs, Christine Theodoro-
pooulos & Ryan Smith 2005.  Both surveys 
indicate that nearly half of technology in-
structors in NAAB programs are in their first 
five years of teaching and are therefore 
most in need of teaching materials. 
 
3 National Architectural Accreditation Board 
Website: www.naab.org 
 
4 Sutton, Sharon A., “Visiting Team Member 
Selection and Preparation”, NAAB Newslet-
ter, www.naab.org NAAB News Section 3. 

5 Phone interview with Sharon Matthews, 
Executive Director of NAAB.  July 2006. 
 
6 “Condition Changes”, NAAB News, 
www.naab.org 
 
7 Phone interview with Sharon Matthews, 
Executive Director of NAAB.  July 2006. 
 
8 National Architectural Accreditation Board 
Procedures for Accreditation 2005, Section 
5.3.4 
 
9 Interview with William Miller, FAIA & NAAB 
visiting team leader, June 2006. 
 
10 National Architectural Accreditation Board 
Procedures for Accreditation 2005, Section 
5.3.4 
 
11 The Construction Specifications Institute 
Website:  www.csinet.org 
 
12  This is the method by which I was intro-
duced and most interns in my expierence 
are introduced to specification writing during 
professional internship.   
 
13  www.theaiatrust.com 

 
 
14 www.arcomnet.com 
 
15 www.rsmeans.com 
 
16 CSI Academic Affairs Program, Chair 
Gregory W. Sprinkel, FCSI, CDT  Sprinkel & 
Associates – Salt Lake City, UT 801-972-
8753, gsdiv7@xmission.com 
 
17 Interview with Gregory Sprinkel, CSI Aca-
demic Affairs Program Chair, July 2006. 
 
18 Montana State University, Arch 440 - 
Comprehensive Architectural Project, 
Summer 2006, Professor Christopher 
Livingston 
 
19 Woodbury University, AR 450 Course Syl-
labus, Professional Practice 3: Documents 
and Project Administration, Professor Mat-
thew Boomhower 
 
 

Acknowledgements 

I would like to thank Ted Smith and Christo-
pher Bushnell of ARCOM for their funding 
support and vision in initiating this project, 
Bob Ghair of RS Means for their willingness 
to provide access to data, Stephen Screiber 
and the ACSA for information on professors 
research backgrounds, Sharon Matthews at 
NAAB for her answering of questions and 
patience, and Bill Miller for his insight into 
the NAAB process. 

 



 Indigenous Knowledge, Formal Knowledge, and Technolgy Teaching  133 
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Technology Teaching 
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“At this point in history, it is for us to think 
clearly, for us to discover a way out, for us, 
in a tumultuous time when events take 
place beyond human control, to regain the 
path and discover again the scale which will 
halt the chaos, strike down the dispropor-
tions in our world from which all misery 
stems.  Here folklore presents us with a po-
etic goal, that of bestowing the benefits of 
sensitivity, the expression of a creative in-
stinct on the land” (Le Corbusier 61). 
 

Introduction 

The concept of Indigenous Knowledge re-
fers to a body of knowledge that belongs to 
a culture and a people.  It describes local 
systems and practices passed down 
through generations of close interaction with 
the natural environment.  This knowledge 
forms “part of a cultural complex that en-
compasses language, naming and classifi-
cation systems, ways of using resources, 
rituals, spirituality and a worldview.” Con-

temporary teaching practices in architectural 
education are predicated on western-based 
systems of Formal Knowledge. These prac-
tices are defined as formal “because it tends 
to be supported by written documents, rules 
and regulations, and technological infra-
structure.” 
 
As teachers we are constantly in search of 
methods to enhance our students’ ability to 
critically assess technology, especially as it 
relates to first principles.  Since indigenous 
knowledge is based on local solutions that 
are very context-specific, these systems 
and remedies are founded on first principles 
derived from experiential trial and error.  
They are often very effective solutions that 
contribute significantly to sustainable devel-
opment and resource management in archi-
tecture.  By introducing the concept of in-
digenous knowledge into technology teach-
ing and marrying it to the development of 
modern solutions to issues in technology, 
the classroom is enriched. 
 

 
Figure 1: 13 degree line of latitude 
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Figure 2: long house and Marika Alderton house 
 
This paper will focus on three examples of 
the analysis of indigenous technical knowl-
edge in building and the appropriation of 
that knowledge for use in a modern context.  
The first two models come from the fertile 
architectural practices of a solo practitioner, 
Glenn Murcutt, and a relentlessly collabora-
tive one, Renzo Piano Building Workshop.  
Interestingly, these two Pritzker laureates, 
so often characterized as master builders, 
are born in the same year: 1936.  Two dif-
ferent buildings for two different cultural 
contexts produced by two different office 
cultures are examined.  
 
The third project examined is “Mpumulo,” a 
health center and shelter for battered 
women in Malawi, Africa.  This project has 
been undertaken by a collaborative team of 
architects, nurses, and students, and in-
cludes this paper’s presenters.  The work of 
Mpumulo explicitly excavates the indige-
nous knowledge tradition to develop modern 
detailing systems appropriate for the culture 
and the place.  Drawing from categories es-
tablished by Murcutt and Piano, self-

conscious detailing strategies derived from 
local practices, systems and materials are 
joined with modern techniques to create hy-
brid solutions sympathetic to environmental 
sustainability and cultural sensitivity.  The 
focus of the presentation will be on how we 
synthesized the raw data collection for this 
project based on the precedent strategies of 
Murcutt and Piano to formulate our own 
technology strategies.  These new strate-
gies for Malawi will be exemplified with an 
explication of the major detailing and sup-
porting technology systems we employed.  
Finally, the categories and techniques em-
ployed are catalogued with a particular em-
phasis on employment of this detailing ap-
proach as a model for classroom instruction.  
 
The two projects by the recognized archi-
tects have been selected for close study not 
only for the quality of thinking and design 
they represent, but much more prosaically, 
for their proximity to the 13 degree southern 
line of latitude, ten degrees above the 
Tropic of Capricorn. 
 



 Indigenous Knowledge, Formal Knowledge, and Technolgy Teaching  135 

 

In preliminary research undertaken for the 
Mpumulo project, there was a distinct pov-
erty of information on architecture and its 
traditions in Malawi.  To broaden the field of 
discovery, the 13 degree line of latitude 
running around the earth was used to 
Analysis of each of the two precedents, 
along with the subsequent architectural de-
sign that results from synthesizing the iden-
tify other environmental locations similar to 
those found in Malawi.  

 
Figure 4: Re-entrant Corner Detail: Marika Alderton 

90 Percent/10 Percent 

In a 1992 interview, Glenn Murcutt remarks, 
“understanding a place is understanding 90 
percent of what you’ve got to achieve.  And 
then you’ve got the 10 percent of under-
standing the culture, and how that culture 
works in that place” (Melhuish 40).  While 
his work is redolent with that sentiment, the 
house Murcutt designed for the Aboriginal 
artist Banduk Marika and her English part-
ner Mark Alderton in the Northern Territory 
of Australia serves as a concise distillation 
of strategies and details.  It is conceptual-
ized as a transformation of the traditional 

aboriginal long house, with the predeter-
mined intention for it to serve as a model 
prototype for a contemporary aboriginal 
housing solution.  This “machine for inhabit-
ing the landscape,” as Murcutt describes it, 
embodies a cultural critique of the original 
European settlement that rationalized the 
displacement of Aboriginal populations 
based on their apparent lack of production 
of building stock.  This supported the per-
ception of illegitimate land occupation and 
was confirmed in a declaration of terra nul-
lius and invasion against the Aboriginal 
peoples (Dovey 90). 

 

Figure 5: Meeting the Ground: Marika Alderton 
 
In direct contrast to the aggressive impact 
this invasion policy fomented, the Marika 
Alderton house is often compared to “a 
plant because the walls open and close like 
petals and leaves” while at the same time it 
invokes the Aboriginal proverb that counsels 
modest engagement with local ecology.  
Architectural critic Kim Dovey uses the lan-
guage of the myth, to note, “it is as if these 
‘leaves of iron’ had fallen from the eucalypt 
trees to ‘touch the earth lightly’” (Dovey 91).  
Since the climate hovers in the 25 degrees 
centigrade range, ventilation is required for 
cooling and comfort.  The operable wall 
panels serve to provide a controllable en-
closure surface to accommodate wind and 
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solar forces. 
 

 
Figure 6: Plan Marika Alderton House 
 
Exemplary details abound in this project.  
These are tied both to the rigors of produc-
tion, and the demands of nature and culture.  
The project was fabricated off-site by two 
builders from the yacht industry to very pre-
cise tolerances.  Careful calibration of com-
ponents was critical to assembly once im-
ported to the site.   

 
Figure 7: Meeting the Sky: Marika Alderton House 
 
Notable in the detail composition is the lift-
ing of the house from the landscape plane 
on hollow circular steel tube columns with 
tapered steel stiffener plates that support a 
primary wood beam and deck floor struc-
ture.  This response to prevailing winds is 
supported with a double roof tied to roof 

ventilators.  Each component of the roof 
system is expressed as an element.  The 
re-entrant corner detail reveals the logic of 
prefabrication, while the structural plan logic 
is completely integrated with the sun shad-
ing strategy. 
 

 
Figure 8: horizontal zones 

Finding the Right Cutlery 

The second precedent is the Tjibaou Cul-
tural Center in New Caledonia by Renzo 
Piano Building Workshop that seeks to “ad-
dress the exploitation of the currents of air 
and the difficulties of finding a way of ex-
pressing the tradition of the pacific in mod-
ern language.”  Piano reminds us in describ-
ing his initial approach to the Tjibaou Cul-
tural Center competition that “When we say 
“culture,” we usually mean our own: a fine 
soup blended from Leonardo da Vinci and 
Freud, Kant and Darwin, Louis XIV and Don 
Quixote.  In the Pacific it is not just the rec-
ipe that is different, but the ingredients as 
well.  We can approach their soup with de-
tachment, bringing our own cutlery.  Or we 
can try to understand how it was born, why 
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it has gone in certain directions, what phi-
losophy of life has shaped it.” (174) 

 
 
Figure 9: Model of Tjibaou Cultural Centre 
 
Jean Marie Tjibaou Cultural Center is lo-
cated in Noumea, New Caledonia.  This fa-
cility serves as a resource documenting the 
origins of the Karnak people of New Cale-
donia and the South Pacific.  The centre is 
named for Jean-Marie Tjibaou who died in 
1989 fighting the French colonial govern-
ment.  It is designed as a series of huts in a 
linear composition that vary in size accord-
ing to their function.  Larger huts contain 
major program elements in “Great Houses” 
or “cases” in French.  The design of these 
huts is the locus of reflection on the indige-
nous traditions and explicitly references the 
Karnak people of New Caledonia who have 
a strong connection to the landscape.  
These rooms are shaped to take advantage 
of the trade winds blowing over the site.  
While their shape is derived from modern 
wind tunnel testing, their method of enclo-
sure draws inspiration from dried plant ma-
terials used in indigenous housing.  Piano 
removes the thatch from the traditional 

cases, and replaces it with cross bracing 
battens of iroko wood, while the traditional 
wall posts are replaced with a system of glu-
lam iroko forming upright structural ribs 
(Lindley 103).   
 

 
 
Figure 10: Tjibaou Cultural Centre 
 
These huts are made from carefully devel-
oped combinations of wood and metal.  
Cast steel connectors join horizontal steel 
braces to pairs of glulam arches forming the 
exterior wall system.  This primary structure 
frame structure is infilled with wither wood 
or glass panels with varying degrees of 
opacity.  The glazed panels are either fixed 
or operable using a jalousie type blade sys-
tem.  The wood panels are made from wood 
which is either solid or perforated depending 
on its location in the skin, and it’s confor-
mance with the thermal characteristics of 
the assembly. 
 

 
Figure 11: Model of Tjibaou Cultural Centre 
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Site and Program 

To test the knowledge gained from evalua-
tion of the two precedents, the Mpumulo 
project is developed.  The site for the Mpu-
mulo project is located in Blantyre, the main 
economic center of Malawi, at the eastern 
edge of its suburban agglomeration.  The 
site itself is a former garbage dump sched-
uled for remediation by the City of Blantyre, 
and masterplanned for a mix of detached 
housing and institutional uses.  Matching 
the economic insecurity of the region, the 
project compound is required from the out-
set to be contained within its on security 
wall.   
 
The program for the health center includes 
screening rooms for infectious and non-
infectious disease.  One-room houses are 
provided for the residents, along with bath-
room facilities.  Both an indoor and outdoor 
kitchen forms a communal center.  Commu-
nity oriented features include a vocational 
training room dedicated to fair trade produc-
tion, a chapel, and intake rooms. 
 

 
 
Figure 12: Residents of Mpumulo 

Mpumulo 
"Mpumulo" is from the Chichewa language 
and means "relief."  It is also expressive of 
the need to address the culturally embed-
ded abuse of women that is epidemic in Af-
rica.  Developing strategies for addressing 
situations of abuse is a paramount concern 
in all parts of the world.  While these strate-
gies vary in focus and form, they all require 

innovative and aggressive thinking in their 
development.  This is particularly evident in 
social structures where the order of eco-
nomic life is in transition from an existing 
localized mode to one influenced by global 
forces.  This is the case in Malawi, an im-
poverished African nation, struggling to im-
prove its global status, while addressing a 
series of intractable social and physical 
problems.  Malawi is one of the poorest 
populations in the world, numbering 
13,014,000 with an annual GNP of $170 per 
capita.  The region’s low life expectancy of 
40 is further exacerbated by the spread of 
AIDS where HIV prevalence is 14.2% of the 
population and 900,000 are living with 
AIDS. 

 
Figure 13: analysis 

Methodology and Invention 

Access to information on Malawi is sparse 
and difficult to obtain.  While examples of 
indigenous building strategies exist, they 
have been supplanted with construction 
techniques from the nineteenth century co-
lonial settlement period.  These building pat-
terns in turn have been updated to conform 
to contemporary standards of “modern’ con-
struction technique, drawn more from an 
international, progressive stylistic impulse 
than from the vicissitudes of climate and 
place.  Materials selection and system con-
figuration match those found even in Mil-
waukee, Wisconsin, despite the large cul-
tural and environmental gap that exists be-
tween Malawi and Milwaukee. 



 Indigenous Knowledge, Formal Knowledge, and Technolgy Teaching  139 

 

 

 
Figure 14: indigenous/modern courtyard analysis 
 
By directing our gaze at the Australian and 
New Caledonian projects, we deduced a set 
of categories around construction and 
around environmental sustainability.  These 
categories were buttressed by the specific 
solutions developed in these two projects.  
Next we had our students focus their atten-
tion on Malawian architecture, to privilege 
critical thinking for our students in an arena 
of investigation where they are more likely 
to seek uncritical imitation.  The intention 
was to turn the lens of investigation towards 
indigenous, non-western solution types, and 
then use that primary knowledge as the ba-
sis for developing workable modern tech-
niques that can achieve the same ends.  
Preliminary research and investigation with 
our students has generated a majority of 
solutions that are a hybrid system of indige-
nous and formal knowledge that requires 
deep understanding of technical perform-
ance in order to accomplish.  This approach 
also serves the important function of em-
phasizing the production, transmission and 
utilization of indigenous knowledge and 
technology, while broadening the perspec-
tive our students take in developing their 
research. 
 

Evaluating Malawian Tectonics and 
Form 

The influence of the colonial period on the 
form and material character of architecture 

in Malawi is dominant.  The preponderant 
building material for combined enclosure 
and bearing wall systems is hand-fabricated 
brick generally produced at the construction 
site.  Corrugated steel decking is used as 
the roof spanning configuration, and this is 
tempered at the interior with acoustical hung 
ceiling and plaster rendering of the walls.  
Indigenous architecture employs wood ex-
tensively.  This is manifest in woven vertical 
enclosures similar to Piano’s Tjibaou Cul-
tural Center, and the use of reeds for thatch 
on roofs.  However, that natural resource is 
no longer readily available as it has been 
virtually exhausted for household fuel.  Con-
temporary architecture adds both sitecast 
and small-module precast concrete to the 
use of brick, as well as floor-to-floor metal 
and glass walls.  The accommodation of 
environmental conditions is not a primary 
design concern in contemporary buildings, 
but when addressed is handled with brick 
vents in vertical walls and increased wall 
mass. 
 
To draw this panoply of time and type into a 
comprehensible order, a matrix of materials, 
structure, and enclosure types serves as a 
resource for developing pure and hybrid de-
tailing solutions to a variety of conditions.  
To stand in for the lack of primary resources 
related to Malawian architecture, students 
researched indigenous architectural solu-
tions throughout sub Saharan Africa with a 
focus on locations that matched the climatic 
conditions of Malawi. 
 
Simultaneously with systematic analysis of 
building technique in Malawi, a formal archi-
tectural solution to the Women’s Shelter and 
Health Clinic was developed.  Designed to 
serve residents who have migrated from 
non-urban communities, this was based on 
a close reading of indigenous assemblages 
in rural areas, along with examination of the 
most widespread current housing stock in 
cities.  Traditional housing is organized 
around a centralized primary open space, 
with varied smaller open spaces providing a 
service function.  All compounds, even tradi-
tional ones, are surrounded by a continuous 
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wall, employed in traditional housing to con-
tain animals.  Modern housing consists of 
single prismatic blocks constructed from 
brick and organized in compounds.   
 
This was re-interpreted in the Mpumulo pro-
ject design with a single and double court-
yard system.  The design is predicated on a 
series of supporting walls that provide both 
structure and enclosure.  These walls were 
evaluated for construction value using a va-
riety of materials including wood, metal, and 
brick.  Coupled with materials selection for 
enclosure is the strategy for primary struc-
ture: frame or wall. 
 
Malawi is located in a sub-tropical zone 
along a narrow elongated plateau with roll-
ing plains, rounded hills, and some moun-
tains.  The land varies in height from a low 
at the Shire River of 100 feet to the highest 
point on Mount Mlanje of 10,000 feet above 
sea level.  The climate is characterized by a 
rainy season lasting six months from No-
vember to May, while the dry season occurs 
during the remaining six months of the year 
from May to November.  Control of ground-
water during the rainy season is a signifi-
cant factor in the project detailing.  Modern 
houses provide concrete trenches to control 
water run-off from roof overhangs.   
 
Exploitation of natural ventilation is reflected 
in the use of the courtyard system for plan-
ning, and the introduction of ventilating 
zones in the roofs and walls 

Conclusion 

This international project allows us to iden-
tify the contributions architecture can make 
in addressing the larger culture issues in a 
world increasingly characterized by the in-
terconnection of peoples and their economic 
and social lives.  Architecture is an integral 
part of a globalizing world culture.  Working 
with students to develop physical and op-
erational design models in school that mesh 
with culture and place has become a nec-
essary part of their education.  Nowhere is 
that more evident than when we are investi-

gating construction systems and materials 
use.  The projects presented make the case 
that connection to modern production tech-
niques does not preclude tectonic strategies 
in architecture that ennoble the difference of 
place, while still reflecting the transformation 
of technique and assembly at every stage of 
our lives in a modern world. 
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Pattern In Architecture: Explorations of the Digital 
Modeling and Fabrication Lab 
Edgar Stach 
University of Tennessee 

 
 

DM+F Lab  
 
To what extent can digital manufacturing 
methods inform the creation of architecture? 
What is the effect of architectural systems 
inspired by nature to be translated and 
produced using computer controlled 
machines? To explore these possibilities 
became the basis for the Digital Modeling 
and Fabrication Lab.  

 
The DM+F Lab was created to introduce 
students to advanced computer modeling 
techniques using Alias Maya 6 and 
manufacturing techniques. The lab 
instructed students on designing and 
manufacturing architectural surfaces and 
the modeling and manipulation of nurbs 

surfaces for output to digital manufacturing 
devices. Research, fabrication and 
assembly procedures centered on digital 
fabrication using 2d laser cutter and 
computer numerically controlled (CNC) 
production processes, in varies scales. The 
course attempted to teach at various levels 
between 'how to' considerations of learning 
hardware and software, while exploring a 
deeper understanding of the technological 
implications on design and digital fabrication 

 
The semester broke down into two critical 
phases: Project 1: the design and 
production of an object based on fluid 
dynamics using 3D software, the laser 
cutter and a technique similar to stereo 
lithography. Project 2:  The exploration and 
the creation of an architectural panel system 
based on this pattern using 3D software, the  
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CNC milling machine, and material 
exploration. 

 
Each project would then be broken down 
into three sections:(1)  the introduction of 
Maya 6.5 software, Autocad 2005, and 
Mastercam Mill software, (2) the exploration 
of the design problem (3) execution of the 
design via application of the new software to 
the 2D laser cutter and CNC machine. 

 
The main objective of the DM+F Lab 
became how to use this new digital software 
to explore how different typologies of 
pattern could be applied to architecture, and 
then produce prototypes using the computer 
controlled machines. Students began by 
investigating patterns found in nature, 
mathematically defined patterns, patterns 
created through physical changes, and 
patterns found in nano structures. Students 
in the lab examined pattern mathematically, 
physically, and algorithmically to better 
understand how they could be translated 
into digital modeling software.  

 

After intense investigation of patterns 
through digital modeling and experimenting 
with the laser cutter and CNC machines, 
students in the DM+F Lab used their results 
to create a panel system with architectural 
applications. A variety of applications were 
explored, including lighting, shading, 
structure, and industrial applications. Scale 
issues for indoor and outdoor panels and 
the challenge of creation a seamless 
repeating pattern became critical issues in 
student designs. The panels themselves 
were to be designed with the production 
method as a driving factor, therefore 
showing the relevance of these new 
technologies to architecture. The ability of 
the CNC technology to create the final 
product or to generate a mold for mass 
production was often a driving force in many 
explorations. The work of The University of 
Delft became an important reference for 
students in the Lab, because of their work 
on the “subject of materializing ‘blob’ 
architecture” in the face of the many 
technical challenges posed. The DM+F Lab 
therefore made an effort to apply these 
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technologies in a way that was grounded in 
reality, creating an architectural panel 
system via direct interface between 
designer, computer, and machine. 

 
Object Based on Fluid 
Dynamics 

 
Design Objective and Production 
Method 
The first exploration began by proposing a 
design for a small flower vase, no larger 
than 10 by 10 inches. Focusing on 

structures fluid dynamics and liquid flow, 
students in the DM+F Lab used Maya Alias 
software to create digital models and 
renderings. To create a final prototype, the 
3D model was sliced into layers, imported 
into Autocad, and cut using a laser cutter. 
The fabrication process is similar to stereo 
lithography, where thin layers are laminated 
to form the complete object. Students of the 
DM+F Lab created non-working prototypes 
using basswood, chipboard, foam core 
board, and Plexiglas. The objective of the 
exploration became not only to explore the 
use of nature systems to design a flower 
vase, but also to design a flower vase using 
digital software expressly to be made using 
the laser cutter. The prototypes produced 
therefore investigate and express the actual 
process of their fabrication as well as the 
design objectives. 

 
“Ice Block” flower vase 
In one specific example, the life processes 
of a plant became a diagram in the form of a 
flower vase (fig 2b). Using Maya Alias 
software, the prototype was specifically 
designed to be constructed of .08” layers of 
clear Lexan laminated together (fig 2c). The 
functioning part of the flower vase exists 
only as the negative space subtracted from 
a block of “ice”. The exterior of the vase is a 
hard rectangular block with organic voids 
undulating inside. Three long bulbous 
shapes hover inside the block of ice, 
growing upwards until they breach the 
surface like seedlings reaching for sunlight. 
Here, the negative spaces become 
protrusions on the top of the block, which is 
depress half an inch to form a pan to accept 
water. When the pan is filled, water slowly 
seeps into sixty-four small holes organized 
in a grid. As these tubules penetrate the ice  



146 Building Technology Educators’ Symposium August 2006 Proceedings  
 

block, they quickly abandon the rigid grid 
organization and find their way to the 
distended bulb space where the flower 
resides. The vase shows the cycle of 
watering, sprouting, and growth in a three 
dimensional diagram that the user interacts 
with. The hard exterior shape and grid 
pattern contrast the wild organic growth 
contained within. The interior surface 
becomes the exterior surface only when the 
growth cycle is complete, when the plant 
bursts through the surface, distorting it at 
the same time.  

 
Architectural Panel System 

 
Project Description 
Next the Digital Modeling and Fabrication 
Lab began exploring patterns of different 
types as generators for an architectural 
panel system. Students looked at patterns 
such as sand dunes, atomic structures, 
Fibonacci numbers sets, river stones, 
cellular structures, and physical processes. 
Emphasis was put on structure, form, and 
how these patterns are created in nature 
instead of visual aesthetics alone. 
Prototypes were created with two inch 
polycarbonate foam using a CNC milling 

machine. Later, an architectural panel 
system would be designed by each group 
based on the pattern explored. Application 
and panel size were determined by the 
students as well as the proposed material 
for the project. Prototypes and ½”=1’ 
models were created on the CNC using a 
variety of materials, such as rubber, wood, 
MDF board, plastic, and Plexiglas. Once 
again, students in the DM+F Lab were 
encouraged to design specifically for the 
fabrication process. The capabilities of the 
CNC informed much of the final design.  

 
Octopus Suckers 
One group focused on the random pattern 
of suckers found on the underside of 
octopus tentacles (fig 3c). These soft forms 
move in an almost liquid way, behaving 
independently and as a group as the 
octopus searches for prey. The appearance 
and movement of the suckers was 
examined and translated into Maya software 
(fig 3d). 

 
The goal became to explore the application 
of this pattern of soft shapes to an 
interactive architectural panel system that 
speaks of movement and tactility. The 
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application of these panels in a public space 
such as a subway tunnel, airport, or along a 
sidewalk would allow for the highest 
possible interaction (fig 3e).   

 
The final design proposed a system of 
sixteen 4’x 8’ panels oriented vertically. The 
panels are non-repetitive and organized in a 
row. While the design process began by 
investigating patterns found in nature, the 
undulating motion created by the octopus 
suckers became the motivational factor of 
the design. To emphasize this point, the 
random arrangement and differing scales of 
the suckers as they appear in nature was 
abandoned in favor of a standard size, 3” 
diameter, and a rigid grid arrangement. 
Here, the soft shape of the sucker is 
severely abstracted into a ring shape that is 
embedded into the panel surface. The 
sucker grid interacts with the panel surface 
as it ripples and swells in and three 
dimensional wave forms. As a result of this 
interaction, large sections of the sucker grid 
are swallowed by the wave and disappear. 
Fiber optic lights inside each sucker 
respond to motion across the wall surface 
via tiny motion sensors. The swelling and 
dimming of individual light creates an 
ambient effect that animates the solid wave 
surface of the panels. By changing intensity, 
color, and duration, the fiber optic lights 
respond to passersby as if engaging them in 
a conversation. A single person walking in 
front of the panels might see their own 
silhouette illuminate and walk next to them 
in real time. A runner might leave a comet-
like tail on the wall as they pass. A crowd of 
people in front of the wall might see the 
entire wall swell and dim and change colors 
in response.  

 

Conclusion 
The use of new digital modeling software 
and computer controlled production 
methods allow for a new type of interface 
between design and production. The digital 
model created by the designer can be sent 
directly to the laser cutter or CNC mill and 
created with extreme accuracy. The 
development of software for both design 
and production facilitate this link and allows 
for rapid protoyping. The computer 
controlled machine can be used to create 
the final product or to create molds for the 
mass production of the design. Therefore, 
the connection between the designer’s 
mouse and the CNC cutter is immediate 
and personal. The architect or designer 
must now design with the production 
method in mind, to utilize the capabilities of 
the machine for the best result. The 
machine gives immediate and honest 
feedback to the designer, proving or 
disproving the feasibility of the design. The 
link created between the human mind and 
computer controlled fabrication methods will 
allow for the realization of architecture 
acknowledges its own design and creation. 

 
The use of pattern as ornament in 
architecture has long been a subject for 
debate. The explorations of the Digital 
Modeling and Fabrication Lab work shows 
that pattern could be used to generate 
systems with functional applications. These 
panel systems would become part of an 
architectural language of display, lighting, or 
acoustic paneling. Most importantly, the 
work of the DM+F Lab made statements 
about human interaction. While the final 
product would be designed for and created 
by a machine, the design itself would be 
created by and for a human being. This 
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influenced not only the scale of the wall 
panel systems, but proposed materials, 
production methods, and placement of the 
design.  

 
The work of the DM+F lab shows that a 
connection can be made between new 
digital software, computer controlled 
fabrication, and new applications of pattern 
in architecture.  The new tools allow 
architects to consider surfaces in a new 
way, while the application of function to 
panel systems allow for people to interact 
with architecture on a more intimate scale.  
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fig 2a Maya model of a flower vase based on the 

organization of rose pedals 
 

 

     
 
fig 2b Initial concept sketches, images, and Maya model 
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fig 2c Prototype of “ice block” flower vase created using laser cutter 

 

fig 3a Pattern found in coral and images of panel prototype created on the CNC out of foam 
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fig 3b Images of Maya model of panel based on coral pattern 
 

 

fig 3c Images of organic patterns and specifically octopus suckers 
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g 3d Images of Maya model, CNC router, tool paths generated by Mastercam, and a rendering of full scale wall 
panel. 

 

fig 3e Image of entire wall panel system 
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fig 3f Tool paths in Mastercam and CNC carving prototypes out of foam 
 

 

fig 4a Application of panels systems explored in the DM+F Lab 
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The WSU Solar Decathlon – Design/Build Lessons 
Mat Taylor, Assistant Professor, and 
T. Duff Bangs, Graduate Student 
Washington State University  

Introduction and Overview 

The Solar Decathlon project, sponsored by 
the US Department of Energy, is an incredi-
bly effective tool with which to teach the les-
sons and details of Design/Build.  In this 
age of more interdisciplinary building meth-
ods, the contest teaches lessons that few (if 
any) coursework can effectively deliver.  
Students who participate in the project grow 
practically and academically, and for those 
who participate fully, are quite literally trans-
formed. 

The contest asks student teams to design, 
build and deliver a small, solar-powered 
home to the National Mall in Washington 
DC.  The home must be entirely powered by 
the sun and can use no fossil fuels.  The 
2005 contest began with a grant of $5,000 
and the rest was left up to the teams. 

This paper examines the lessons learned in 
the project delivered by Washington State 
University in 2005.  Discussed herein are 
pieces of the project that distinctly enabled 
students and a few possible improvements 
to the project that could inform the DOE 
and, perhaps, make a better demonstration 
for the wider goals of solar energy and re-
newables in general.  This paper is pre-
sented in two parts:  Lessons learned and 
Suggestions. 

PART ONE:  LESSONS LEARNED 

The following sections describe design de-
cisions and ideas that were followed from 
which the WSU teams learned valuable les-
sons.  A brief description precedes the “les-
sons” and it is hoped that the lessons can 
inform future Decathlon teams. 

Moving from Diagram to Design 

Schools of architecture and design tend to 
encourage students to only get to (what the 
authors feel) is a schematic design.  Design 
development and construction phases, the 
lengthiest part of the building process, are 
rarely pursued in design studios.  It makes 
sense.  Unless a project is very modest in 
size or complexity, or unless a project spans 
over a few semesters or terms, the design 
lessons pursued in design education have 
little to do with detail and even less to do 
with production/construction documents. 

Because design students are accustomed 
to stopping at an early design phase, de-
sign/build projects push students to un-
tested ground.  They are simply not experi-
enced in getting to a detail level, so getting 
them there is a difficult task.  Figures One 
and Two show the WSU team’s first mass-
ing diagram and initial floor plan.  

 

 

 

 

 

 

 

 

 

 

Figure 1.  An early massing diagram 
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Figure 2.  The first real floor plan 

The process that led from the diagram to 
the initial design took over one year.  There 
was quite a bit education that happened in 
the intervening months (systems, solar 
technology, etc.), but the reality of actually 
having to build what was designed made 
the students overly cautious and, in a 
sense, a bit timid.   

Lesson One:  Spend a short but intense 
time in pre-design and early schematic de-
sign and encourage the team to move 
quickly to a mature design. 

A Team with Ownership 

The WSU team was initially comprised of 
architecture and construction management 
students only.  As the design progressed, 
more disciplines were added, including elec-
trical engineering, civil engineering and inte-
rior design.  The core team emerged 
quickly, but they didn’t understand their role 
until the team had a sound plan for a project 
structure. 

The Team advisor (co-author) took a “Tao-
ist” approach to team management.  The 
project belonged to the students, so any 
decisions and any work that needed to be 
done was coordinated, managed and done 

by the students on the team.  The advisor’s 
role was only to enable students and to help 
out with College logistics.   

The approach worked remarkably well.  
When the project had a deliverable, the stu-
dents were self-motivated and self led.  
When materials were needed, the team was 
not led but rather enabled.  When products 
were not delivered, a student was responsi-
ble.  When things arrived, then the students 
were equally responsible and fully re-
warded.  The students owned the project. 

On a volunteer basis, little got done.  If cred-
its or courses (grades) were tied to the pro-
ject, then things got accomplished.  On the 
engineering side, senior projects were solic-
ited to move the design forward.  In the de-
sign disciplines, studio work and elective 
courses were used to ensure that work got 
completed.  Without the tie to academic per-
formance, there were few incentives for stu-
dents to complete what was needed. 

Lesson Two:  Tie the project to academic 
requirements and credits to ensure that stu-
dents have ownership and responsibility. 

The Multidisciplinary Design Team 

As modern design/build projects would sug-
gest, all disciplines were involved at a 
schematic design level from the start.  The 
team worked together rather awkwardly at 
first, but soon found that working together 
produced a more sound design.   

The process produced very smart students.  
After the first two years of the project, the 
team had engineers who could intelligently 
discuss building form and design intent, ar-
chitecture students who could speak to the 
advantages of heat pumps and the con-
cepts of refrigeration, and interior design 
students who could speak technically about 
photovoltaics and solar hot water.  It was a 
beautiful thing to witness. 

Lesson Three:  Involve all disciplines in all 
aspects of design and development. 
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Schematic Design to Materials 

Moving to design development and an in-
depth understanding of materials was con-
strained only by the donations available.  
The team was blessed with very giving do-
nors, but the donations available basically 
created a “kit of parts” for the team to use in 
design.  Despite any limitations to design 
freedom, the constraints turned out to be 
quite freeing.  Once donors were in place, 
the team was limited to the materials given.  
The suppliers and donors forced the team to 
use specific materials and in turn enlisted a 
host of experts and consultants.  

The fundraising task was daunting at first, 
but the students quickly adjusted.  Rather 
than working from a design/bid/build ap-
proach, the students pursued designs 
based on what was available.  Once the de-
sign was in place, at least in a schematic 
sense, the students on the team went about 
getting building materials.  The answer was 
not always what they wanted, but it was 
amazing to see the design adapt to the 
availability of products. 

Budget was another factor in design.  Do-
nations were key in getting the home built, 
but unless the material was free (or at very 
low cost), the team could not use it.  The 
students had to choose where to put the 
scarce amount of money received from 
fundraising, a wonderful and useful learning 
opportunity.     

Lesson Four:  Start fundraising and product 
donation requests early and create a dedi-
cated team for the tasks. 

The Crux:  Design Development 

The key turning point in the project came 
after schematic design review from the pro-
ject sponsors.  The US Department of En-
ergy returned comments to the team and, 
more or less, scared them into action.  It 
was clear in the DOE assessment that the 
team was way behind, so efforts were 
started to get moving.   

The overall design concept revolved around 
an eight-by-eight-by-twenty-foot shipping 
container, the core and service module of 
the home.  Once it was delivered, the team 
found new motivation to start the “build” part 
of the project.  The students contacted a 
local framing company and acquired steel 
framing members (and a willing installer) to 
get the project going. 

Once framing got going, the team looked to 
the next step, the floor and wall structure, 
albeit a bit late to have timely delivery.  
Again, delays were a wonderful learning 
opportunity for the students.  The team got 
so busy modifying the container that they 
forgot the next step.  They very quickly 
learned to look ahead.  Figure Three shows 
the shipping container core and the first lay-
out of the main structure. 

 

 

 

 

 

 

 

 

Figure 3.  The shipping container and initial structure 

Systems and Appliances 

Since the team understood the value of 
“looking ahead,” the systems and appli-
ances for the home arrived on time and al-
most fully donated.  This step of the project 
was perhaps the smoothest part of the en-
tire undertaking.  With good leadership and 
a very well integrated group of dedicated 
students, the systems arrived on time and 
on schedule.  Installation of the systems, 
like the rest of the project, was all performed 
by the student team members. 
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Lesson Five:  The contest is all about sys-
tems – start thinking, planning and design-
ing early and get the products as soon as 
prudent. 

Renewable Energy Systems 

By contest mandate, each home must be 
completely stand-alone from an energy 
standpoint.  The WSU team designed and 
sized the photovoltaic and hot water sys-
tems for optimal performance, a design that 
is, in hindsight, a bad idea.  Both systems 
were designed for three days of foul 
weather; unfortunately, the home ended up 
having to endure eight days of rain and 
deeply overcast skies.  To make matters 
worse, the team decided to start the com-
petition with the battery bank at 75% 
charge, a strategy they hoped would help 
ensure a positive energy balance by contest 
end.  After two days of competition, the bat-
teries were down to half charge. 

Lesson Six:  Design for the “worst of the 
worst” case and over-design systems so 
that the team can guarantee to compete. 

 Donated Parts and Systems 

Because of budget constraints, the WSU 
team could not buy the photovoltaics (and 
balance of system components) outright.  A 
deal was set up with a Washington State 
utility where, once the contest was over, the 
utility would maintain ownership of the elec-
trical energy system and the home would 
become a shared demonstration facility with 
WSU.   

The arrangement seemed like a good idea 
as it saved the team from spending about 
$42,000 in all.  Looking back at the contest, 
the arrangement actually took away some 
competitive advantage.  While other teams 
could “ride” their battery banks until near 
depletion, the WSU team had to ensure that 
the batteries survived the contest.  Although 
the team showed a positive energy balance 
at the end of the contest, the other contests 
suffered greatly. 

Other systems, such as donated appliances 
and materials, worked out extremely well.  
In some cases, the team received used sys-
tems, an idea that should have been ex-
amined more closely.  Some of the used 
systems in the home did not work as well as 
they should and, again, reduced the team’s 
capacity to compete. 

Lesson Seven:  Ensure that the team has 
complete control and ownership of the life-
time of the critical systems of the project. 

Commissioning and Start-up 

This is perhaps where the WSU team was 
the most lacking and least prepared.  The 
final integration and finish-out of the home 
took as long as expected, but some of the 
critical systems (batteries, the custom re-
frigerator and the solar hot water system) 
incurred several weeks of delayed delivery. 
The team had to wait so long to integrate all 
of the systems that the entire home was not 
commissioned until it was erected on the 
National Mall.   

Luckily, most of systems worked as hoped. 
Two systems, however, did not perform as 
expected.  The hot water system had a 
number of fouled tubes and the refrigerator, 
a custom “holding plate” design, never 
worked well.  As a result, the team did not 
compete in the hot water or refrigeration 
contests.   

Lesson Eight:  Leave no less than one 
month to start up, commission and test the 
home as an integrated whole. 

The eight lessons described above are only 
a hint at the wonderful experience gained by 
the entire WSU team.  This post mortum 
look at the contest will hopefully serve to 
inform any University team entering the So-
lar Decathlon in future years and may in-
form design/build projects in general.   

The following section gives hints and sug-
gestions to make the Solar Decathlon a bet-
ter competition. 
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PART TWO:  SUGGESTIONS  

The following sections describe ideas and 
requirements that are problematic in the 
success of renewable and sustainable tech-
nologies as they are portrayed by the Solar 
Decathlon contest.  A brief description pre-
cedes the “suggestions.” In future contests, 
it is hoped that these issues will be dis-
cussed and the contest modified to better 
represent the direction of renewable and 
sustainable technologies. 

Stand-alone versus Community 

The stand-alone requirement conspires with 
the need to compete to produce systems 
that are grossly oversized.  The budget im-
pacts alone are tremendous, but there is a 
larger issue:  portrayal of solar technologies 
to the public.  With such large systems on 
very small homes, the public sees that solar 
systems dominate the budget and the ar-
chitecture of the homes.  It is, frankly, detri-
mental to solar acceptance to showcase 
such tremendously large and expensive 

systems.  The WSU team found themselves 
apologetically explaining the need for so 
many batteries and so many PV panels.  
When visitors asked how much the system 
would cost, the team again had to qualify 
the high cost and size, and WSU had one of 
the smallest systems on the Mall. 

In the wider argument, and in accordance 
with current industry thinking, a better ap-
proach would be to have a community of 
solar buildings.  The logistics may be diffi-
cult, but the reality would better show the 
grid-tie approach to renewable energy.   

Suggestion One:  Tie the homes together in 
a community “mini-grid” and show the public 
that solar works in a cooperative way. 

Running It Into the Ground 

To effectively compete in the 2005 contest, 
due to the extremely uncooperative 
weather, teams had to deplete their battery 
banks and, in many cases, “kill” thousands 
of dollars worth of system components.  As 

 

Figure 4.  The Solar Decathlon Project Completed on the WSU Campus 
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stated earlier, the WSU team did not have 
the luxury of being able to destroy their bat-
teries, and as such, could not compete on a 
level with other teams.  There must be an 
allowance for not sending the wrong mes-
sage by wasting resources. 

Suggestion Two:  Make the contest require 
a functioning home before and after the 
contest. 

The Further the Better 

Contest Ten, called “Getting Around,” asked 
the teams to drive an electric car and 
charge it from the home energy system.  
The contest awarded more points to the 
teams that drove the furthest each day.  
From a transportation viewpoint, and from 
an ecological viewpoint, this is the wrong 
message to send.  Imposing a cap on miles 
driven per day would be a better way to 
convey sustainable transportation.  A dis-
tance cap would also help reduce system 
size, system cost and, again, send a better 
message to the public. 

Suggestion Three:  Change the contest to 
reflect a more conservative example of driv-
ing or eliminate the contest entirely. 

Way Too Much Money 

The WSU initial budget was estimated at 
approximately $130,000.  The project ended 
up costing about $60,000, most of which 
covering lodging, travel and transport.  The 
bulk of the project was donated.  The esti-
mated construction cost based on no dona-
tions, with labor and transport included, is 
estimated at $200,000.   

In conversations with the public, the retail 
cost of the WSU home seemed reasonable.  
Other teams had (literally) ten times the 
budget, some teams spending well over one 
million dollars for project delivery.  This is 
perhaps the most dangerous portrayal of 
the contest.  Despite the fact that the homes 
are “cutting edge” and prototypical in nature, 
it is completely inappropriate to display 

homes that cost well over one thousand dol-
lars per square foot.  In a sense, this prece-
dent shows that brute force and nearly 
unlimited resources make solar energy vi-
able.  It is the wrong message to send.  
Having no budget cap or having little reward 
for cost performance also discriminates 
against smaller or less well- funded schools.   

Suggestion Four:  Include a budget cap or 
some other mechanism to help ensure that 
schools are rewarded for cost performance. 

Even More Money 

One of the biggest expenses in the project 
was getting the home from Pullman to DC.  
WSU and San Luis Obispo, for example, 
had to move their homes a total of roughly 
6,000 miles.  East coast schools, such as 
Maryland and Virginia Tech, had only a few 
dozen miles to move.  Perhaps a program 
could be put in place to level the costs. 

Conclusions 

The Solar Decathlon Contest is, in the mind 
of the WSU team’s faculty advisor, THE 
most profound teaching and learning tool 
available to Universities.  The concept is 
sound, has very far-reaching effects on the 
public, and has the opportunity to drastically 
increase public awareness and acceptance 
of a more sustainable way to live.   

From the student perspective, the contest 
gives opportunities to experience “real life” 
design/build projects and truly valuable in-
terdisciplinary teamwork.  Of the ten key 
students on the WSU team, ALL TEN have 
received job offers based on their Decathlon 
experience.  This is enough to prove the 
contest’s validity. 

Should the contest change in the subtle 
ways given, perhaps it would become a bit 
more fair.  Further, should the contest em-
phasize design elegance rather than “brute 
force” design, it is hoped that the contest 
will send a more meaningful message to the 
public. 
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Introduction 

The study of historical construction poses a 
number of very significant challenges to the 
architect. Difficulties stem not only from the 
need to model complex geometries, materi-
als and actions, but also from the signifi-
cance of history and the need for linking the 
structural analysis with the historical events 
(1). Disconnecting analysis of historical 
construction from history may yield results 
in contraction with reality.   

Natural materials have been used in con-
struction for many centuries, but only now 
are their qualities being fully understood and 
utilized, to the benefit of buildings, people 
and nature. An examination of the physical 
properties of historic building materials, their 
deterioration mechanisms, and strategies 
for assessing conditions, conserving and 
rehabilitating historic resources should be 
done in connection with the climate situation 
(i.e. global climate changes, high air pollu-
tion levels, changes in building materials 
manufacturing, etc.). Therefore, the inter-
connections between historical construction 
technologies and historical ecology could 
bring a great deal in planning strategies for 
sustainable preservation, restoration and 
renovation of historic buildings.  

Scientists and managers alike are increas-
ingly using environmental history as a "base 
datum" for understanding and managing 
ecosystems (2).  The buildings around us 
represent an important link to our living his-

tory. They are an integral part of the particu-
lar ecosystems and, therefore, completely 
affected by the actual ecological alterations. 
Use of history enables determining the 
range and variability of ecological processes 
in different historic epochs and their interac-
tion with the development of building tech-
nologies.  

Connection between global climate 
changes and architectural heritage 

Since 1995, world conservation-policy-
makers have faced a completely new chal-
lenge: how to ensure sustainability of his-
toric architectural legacy subjected to com-
bination of dangers caused by global cli-
mate changes and man-made hazards; 
such hazards as salinity, moisture, acidity, 
air pollution, bio-deterioration, earthquakes, 
fire loss, etc. Generally it might be sug-
gested that: 

- The durability of historic building 
materials, such as stones, mortars 
and stuccos depends on weather-
ing conditions. 

- Global climate changes related to 
increased levels of solar radiation, 
rainfalls and floods are particularly 
dangerous for the integrity of ar-
chitectural heritage, causing accel-
erated deterioration. 

- The preservation and conservation 
of architectural heritage is essential 
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for the protection of legacy re-
sources for future generations, as 
for a sustainable tourism industry 
(3). 

- If we are to do anything to reduce 
or prevent loss of our heritage in 
the new climatic conditions, we 
must firstly to study the possible 
implications of climate changes on 
the historic architectural heritage 
and then to develop harmless con-
servation techniques sustainable in 
conditions of global climate chan-
ges.  

- This approach is especially impor-
tant for the Mediterranean region, 
incl. Israel, in view of extreme high 
temperature events in summer and 
severe rainfalls in winter, which 
have become frequent in Mediter-
ranean in past thirty years (4). Al-
though the total rain precipitation in 
the European Mediterranean cli-
mate has decreased, global climate 
warming has caused severe rain-
falls and increased salinity of the 
environment. 

- This scenario will continue, accord-
ing to Inter-governmental Panel of 
Climate Change, in the next 100 
years (5). Thus, a risk of elevated 
pollutant precipitation on the his-
toric fabrics is continuously in-
creasing, causing accelerated de-
terioration and disintegration of ma-
terials. 

- Architectural conservation practitio-
ners now face a new challenge of 
revealing and defining the possible 
limits or risks of the common con-
servation practices in conditions of 
global climate changes. The new 
harmless conservation methods 
have to be developed for sustain-
able preservation of architectural 
heritage which will be now continu-

ously exposed to the new environ-
mental conditions and hazards.  

State-of-the-Art of research on  
environmental implications on  
architectural heritage  

Environmental factors crucially impact the 
sustainability of cultural heritage. Most re-
search on the long-term performance of cul-
tural heritage has been carried out on the 
vulnerability of cultural patrimony to natural 
and man-made hazards. In May 1996, the 
IVth European Conference of Ministers re-
sponsible for cultural heritage, held in Hel-
sinki, discussed for the first time the threat 
for cultural heritage by global climate 
change (6). The necessity of long-term risk-
prevention policies which take into account 
global climate changes has been recog-
nized by conservation decision-makers. De-
spite this consciousness, scientific research 
on this topic in relation to cultural heritage is 
still scarce. A few pioneer works were car-
ried out in the 90s of the 20th century by 
Maltese scientists (7-9). Nevertheless, in-
creased strength of winter rainfalls becomes 
more and more frequent in Eastern Mediter-
ranean, incl. Israel. According to scenarios 
of Mediterranean climate, incl. Israel, for the 
21st century, the risk of flooding will in-
crease substantially in coastal areas.  

The above mentioned natural disasters 
could be extremely harmful for the perform-
ance of air-exposed historic fabrics, for ex-
ample: stones, mortars, stuccos, mosaics, 
wood, metal, etc. Accelerated weathering 
and deterioration of ancient and historic 
stone-like materials in a polluted urban envi-
ronment have received enormous attention 
in the past two decades (7-14).  

However, the architectural conservators are 
still lacking the fundamental knowledge of 
ecological processes in the past. Neverthe-
less, reference conditions may be used, 
along with current condition assessments, 
social and economic considerations, for un-
derstanding the character of ancient and 
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historic construction methods and for setting 
achievable and sustainable management of 
architectural legacy.  

Ecological applications in studying 
historic construction technologies 

It should be emphasized that the climatic 
alterations are not the only factor affecting 
the development of construction 
technologies. Implications of political, 
economic, social and cultural circumstances 
on the construction technologies used at 
different historic epochs have been 
profoundly investigated by humanity 
disciplines.  

However, the implementation of natural 
variations or reference conditions derived 
from historical ecology to understanding the 
development of historic construction 
technologies is still lacked. The course 
"Historical rendering and conservation of 
historical renders" was developed by author 
within the frameworks of M.Arch. 
Programme in Architectural Conservation, 
Faculty of Architecture, Technion, Israel. 
The main philosophy of the course is to 
connect the reference climatic conditions 
with the changes in the construction 
technologies used during the different 
historic epochs. 

The timeline of binding materials proposed 
in (15) was accomplished by author, and the 
historic ecological processes were 
compared with the data about the 
construction technologies during the differ-
ent historic epochs.  

Changing ancient building tech-
nologies upon global climate al-
teration 

~ 9,000 BP (before present) 

The archeological remains of the ancient 
floor from around 7,000 BC was found in 
1985 when a concrete floor was uncovered 
during the construction of a road at Yiftah El 

in Galilee, Israel (16). This concrete 
archetype was consisted of a lime concrete. 
Lime was apparently produced by 
calcinations of the local clay soils with high 
calcium content. Quicklime obtained from 
this clay soil when combined with water and 
sand forms a «slime» - mortar which coming 
into contact with the carbon dioxide of the 
atmosphere becomes stiffer and renders a 
solid compound. If this mortar is mixed with 
stones, it bonds-sticks together the stones 
and forms a type of concrete. It should be 
emphasized that the calcination of clays 
with high content of calcium leads to forma-
tion of feebly hydraulic lime which is more 
durable in wet climate then ordinary air lime.  

Between 8,000 and 5000 BC the Mediterra-
nean climate apparently became wetter and 
warmer (17-19). Common knowledge is that 
the wet and warm climate is favorable for 
binders with hydraulic properties and is-
negative for mortars based on air lime un-
durable in these conditions. Application of 
blended binder described above in a wet 
climate made a great deal in formation of 
durable archeo-concrete successfully per-
formed during following 9,000 years. 

~ 8,500 BP 

A village of trapezoidal houses from around 
6,500 BC was found in Lepenski Vir, Serbia. 
Lepenski Vir stands out upon the map of 
prehistoric Europe: for its methodically 
planned architecture and for its diverse 
sculptures (20). Alike Yiftah El, there was 
found kind of floor made of a mixture of lime 
with stones. However, this lime is pure air 
lime, which is durable in dry climate and de-
teriorated in wet conditions. The last re-
searches of paleoenvironment in Europe 
revealed the abrupt climate event between 
8,600 and 8200 years ago. This brought 
generally cold and dry conditions to broad 
northern-hemisphere regions (21-22). 
Therefore, application of air lime in mortar 
was a technology compatible with a particu-
lar environment around 8,500 BP. This 
compatibility seems to be not a least factor 
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for the impressive durability of lime mortar in 
Structures in Lepensky Vir.  

~ 5,000 BP   

"And they made their lives bitter with hard 
bondage, in morter, and in brick, and in all 
manner of service in the field: all their ser-
vice, wherein they made them serve, [was] 
with rigor" (23). The Egyptians began the 
first to use mud mixed with straw to bind 
dried bricks (24). Morter or mud earth is a 
special mixture formed of a clayey solid 
component, a liquid component (water) and 
an organic components and bitumen that 
mainly forms during the maturation period. 
The strength of earth bricks is a function of 
moisture content. Too high moisture content 
leads to liquefaction of bricks, whereas too 
low water content would cause their disinte-
gration. The climate of ancient Egypt was 
extremely hot and dry (25). Mud earth was 
an excellent binder completely compatible 
with the local climate conditions. Bitumen 
and organic components seem to keep op-
timal moisture content in mud earth. Thus, 
over-drying of earth and disintegrating of 
bricks might be prevented. Furthermore, dry 
conditions are essential for polymerization 
of bitumen and some mineral oils. There-
fore, dry hot weather promoted developing 
an optimal composite structure and strength 
gain of bricks. Use of gypsum mortar was 
also very abundant in ancient Egypt. The 
dry and hot weather might be very favorable 
for performance of gypsum plasters kept till 
our days. Gypsum was also placed in be-
tween the carefully squared stone blocks 
were not actually used as joints, but mainly 
as lubricant agent in order to accurately ar-
range stone blocks on the structure (24). It 
is obvious that in ancient Egypt, like in the 
previous two cases, the ecological factors 
had a strong impact on the applied con-
struction technology. The compatibility of 
sun-dried bricks and gypsum with the par-
ticular hot and dry weather promoted the 
long-time performance of these building ma-
terials at that epoch. 

 

~ 4,000 BP   

The next example of environmental impacts 
on construction technology is an erection of  
Ningirsu´s temple in Babylonian around 
2,140 BC. Gudea, ruler of Sumerian city 
Lagash, dreamed that the god Ningirsu 
wanted a new temple. Gudea decided to 
build the temple in accordance with the 
god's prescriptions. Sumerian texts describe 
the construction as follows: "He (Gudea – 
auth.) poured clear water into the ... brick 
mould. He prepared the excavated earth for 
making … the brick, and hoed honey, ghee1 
and precious oil into it. He worked amber-
gris2 and essences from all kinds of trees 
into the paste… Gudea placed the clay into 
the brick mould and acted exactly as pre-
scribed; bringing the first brick of the house 
into existence in it, while all the bystanders 
sprinkled oil or cedar perfume. He shook the 
brick mould and left the brick to dry. He 
looked at the ...... with satisfaction. He 
anointed it with cypress essence and am-
bergris" (26). Gudea's actions look like a 
cult ritual. However, analysis of this text and 
applying the relevant ecological data about 
the reference climate in ancient Mesopota-
mia make  possible following assumptions 
and conclusions: 

- Constant inundation by an amelio-
rating climate around 3,200 BC 
promoted accumulation of bio-
organic mass in the soil (27). 

- However, in ancient Mesopotamia, 
mistreatment of water with no ade-
quate drainage resulted in high sa-
linity of soils (28). Usually salinity of 
soils resulted in high alkali and cal-
cium content. 

- At 2200 B.C. a marked increase in 
aridity and wind circulation occurred 
in Mesopotamia (29). 

- High content of calcium and bio-
organic compounds in the soils 
promotes chemical reaction be-
tween calcium hydroxide and silica. 
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Therefore, such soils are highly ap-
propriate for adobe construction.   

- Honey, a bio-organic compound, is 
enriched in enzymes which catalyze 
formation of colloid silica (30). A 
content of organic acids and sacha-
rides is very high in honey. These 
compounds are capable to increase 
the surface of calcium hydroxide 
and to inhibit its setting (31-32). 
Thus, honey might improve the 
earth workability allowing sufficient 
time for brick pouring.Furthermore, 
honey enzymes might accelerated 
puzzolanic reactions in the earth 
brick and its strengthening and sta-
bilizing (33).  

- Expected effects of ghee1, oil and 
ambergris2 as bio-organic sub-
stances on lime-containing earth 
could be, as following: air-
entrainment; improved workability; 
water retention to allow better set-
ting of calcium hydroxide; prevent-
ing over-drying; air entrainment and 
water repellence to prevent mois-
ture damage. 

- Tree essences contain various car-
boxylic acids (i.e., oxalic acid) Ox-
alic acid acts as a very good binder 
for free calcium ions presenting in 
earth because of the formation of an 
insoluble protective film of calcium 
oxalate, which also shows the ther-
mal stability and long-term durabil-
ity.   

Generally, it could be suggested that all bio-
organic compounds added by Gudea to 
earth had improve its quality, making the 
soil appropriate for adobe construction and 
improving durability of earth bricks in the 
arid climate of Mesopotamia around 4,000 
BP. 

 

 

~ 3,000 BP- 500 AD 

The Greeks were the first who broadly used 
hydraulic lime mortars. These mortars were 
much harder than later Roman mortars and 
water-proofed. The Romans used poz-
zolanic limes, i.e.: broken brick aggregate 
embedded in a mixture of lime putty with 
brick dust or volcanic ash from Pozzuoli, 
Italy near Mt. Vesuvius. Vitruvius and Pliny 
the Elder were the first who described in 
details the lime-mortar technology and the 
use of puzzolanic admixtures (34-35). The 
climate in Ancient Greece, from around 
2,000 BC to 500 BC was wet and cool with 
strong rains and floods (36). There are evi-
dences of general warming of climate during 
Rome Classical Period, from 500 BC to 500 
AC. However, a climate was still very wet 
and rainy from the 5th century BC, to the 3rd 
century BC (37). Therefore, use of poz-
zolanic admixtures during these two historic 
periods was compatible with the environ-
mental conditions. Obtained mortars were 
water proofed and highly durable in wet en-
vironment. Furthermore, the wet environ-
ment was highly essential for enhancing the 
chemical reactions between lime and puz-
zolanic admixtures. It should be empha-
sized that the most famous Roman struc-
tures preserved today3 were built between 
312 BC and 312 AC, therefore during the 
wet climate phase. Since the second half of 
the 3rd century AC the climate in Roman 
Empire became very hot and dry. Taking in 
account modern knowledge of cementitious 
materials it could be easily understood that 
the use of pozzolanic limes in the hot and 
dry climate might be completely insufficient 
without any special wet curing for accelerat-
ing the pozzolanic reaction. Thus, declina-
tion of the use of puzzolanic limes during 
the late Roman and Byzantine periods could 
be related to very hot and dry climate unfa-
vorable for development and completion of 
puzzolanic reaction. 

Another sample of changes in masonry 
technology is use of burnt bricks and bitu-
men in Babylonia around 300 BC: "Semira-
mis … built Babylon and constructed round 
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the city a wall of burnt brick; bitumen, a 
substance which everywhere oozes from 
the ground in those parts, being spread be-
tween the bricks instead of mortar” (38). 
Recent researches on historical ecology 
have revealed that the climate in Near East 
was relatively cool and rainy from around 8th 
century BC to around 1st century BC (39). 
Therefore, use of sun-dried earth bricks was 
completely impossible in this climate. On 
contrary, the burnt bricks laid with joints 
pointed by bitumen were completely water-
proved and highly durable in the wet cli-
mate.    

Conclusion    

Ancient construction technologies are of a 
great interest for architects and civil engi-
neers. The archeological evidences and his-
toric documents describing these technolo-
gies are numerous. The recent researches 
on environmental history have provided 
specialists with data on climate circum-
stances through the different historic peri-
ods. An evaluation of construction technolo-
gies in interconnection with the environ-
mental situation during the erection of dif-
ferent ancient structures has been carried 
out in this study. A strict correlation between 
the compatibility of the different ancient 
construction technologies with the particular 
climate conditions has been established.  

The implementation of construction tech-
nologies compatible with the particular cli-
matic conditions was a most essential factor 
for the long-term performance of the differ-
ent ancient structures. However, this fact 
does not mean that all ancient construction 
technologies were excellent. Numerous col-
lapses of buildings in Ancient Rome were 
described in details by Vitruvius and Pliny 
(34-35).  Nevertheless, the structures built 
compatible with the particular climatic condi-
tions had better performance for a long-time 
period, sometimes for millennia.  
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Developing an Ethos of Making 
Bruce Wrightsman 
College of Architecture and Planning, University of Colorado 
 
In his early observations of architecture, 
Richard Rodgers underscored the 
architect’s value through directing 
instruments for building, and inventing new 
tools that expand our opportunities for 
creation. By embracing emerging 
technologies and materials, Rodgers 
advocated a fundamental shift in the role of 
design, led by the architect, which would 
control the means of production (from office 
to site). This is achieved through built forms 
that are a manifestation of how an object is 
constructed. This core architectural value 
directs my own pedagogical interest in an 
“ethos of making,” which critically explores 
the tectonic relationship of technology with 
technique and materials.  Where 
architectural form becomes a manifestation 
through its material connection. 
 
As an educator, this “ethos of making” is 
explored through design/build projects 
engaging real materials in real scale and 
through seminar/studio projects, which 
create design proposals and installations. 
Each project addresses how “materials and 
processes” can be explored through 
multiple operations; formal, spatial and 
programmatic. 

Influences 

Growing up in the Midwest, I was introduced 
to the work of Nebraska architect, Neil 
Astle. His work could be defined as a 
Gesamtkunstwerk or synthesis of the arts1, 
where architecture is shaped principally 
through its inherit material attributes. In the 
design of his own house, Astle explored the 
material potential of wood, through 
investigating technique as part of the 
expression of formal logic. To do this, Astle 
reinterpreted traditional wood framing and 
its inherit relationship of material to 
structure.  Knowing he would be building the 

house with limited labor, as well as limited 
availability of material and equipment, Astle 
used new construction logic from which to 
build.  He devised a method using a ‘nailed 
scantling technique’ that is based upon 2x2 
cedar scantlings nailed to each other on 
both the inside and outside of the wall, 
forming an interlocking structure [image 1].  
The successive layers where then rotated in 
the opposite direction with the lengths of the 
scantling left random, thus engaging the 
walls, floors and roofs planes together.  

 
Image 1 – Nailed Scantling Technique 
 
The interlocking connection creates a rigid 
connection and reduces the moment forces 
within the system. The overlapping ends 
were trimmed and used in other parts of the 
construction. The rigid frame eliminated the 
need for plates, stiffeners and corner 
bracing and reduced the material waste to 
less than 2%. Through the design of his 
own house, Astle captured an opportunity to 
explore wood’s material potential through 
investigating building technique as part of 
the expression of building form. Astle’s 
strategy of design has greatly influenced my 
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own architectural ideas towards an “Ethos 
of Making.”   
  
As a practicing architect, I’ve learned how 
site constraints and labor issues often drive 
design decisions. Gaining a better 
understanding of material properties and 
building methods can lead to a 
transformation of design at the building site.  
The work of Japanese architect Kimura 
Hiroaki exhibits a strong understanding of 
the physical properties of sheet steel and its 
potential as a factory-produced material to 
be used as a monocoque (single-shell) 
system.  Because of tight site constraints 
common in many Japanese cities, Hiroaki’s 
goal was to discover a new method for on-
site fabrication, which he found by 
understanding the off-site production 
potential of steel sheets. Steel sheets are 
lightweight, easily disassembled into 
shippable units and bolt together to create a 
unitary façade2. Similar to the fabrication 
techniques for airplanes and large ships the 
joints are welded together to form a 
seamless surface.   

Research 

Material innovation in architecture can come 
from a strong understanding of material 
properties. Hiroaki explored the high-
strength property of steel because its 
potential lies in its manufacturing flexibility 
to be cut and rolled into many shapes that 
compose more complex forms. This 
knowledge directed Hiroaki to redefine the 
surface/structure relationship of his 
architecture. Understanding the 
manufacturing potential of the steel sheet 
allowed Hiroaki to change the entire 
construct for residential construction as well 
as his design approach. For my research 
interests, this presents a lucid 
understanding of the design potential of 
composite materials and emerging 
construction technology for architecture.    
 
My research at the University of Texas in 
Austin investigated composite materials and 
alternative building systems. Part of the 

research focus was to re-address building 
principles through investigating techniques 
and tools used in other industries outside of 
architecture, such as airplane and boat 
manufacturing. By researching other 
industries, I discovered that, by in-large, 
composite materials were the catalyst in 
changing the material structure and the 
ethos of making for those industries. 
 
Boat construction has witnessed a 
transformation from traditional wood 
construction in the late 18th century, to 
copper sheathing over the wood to improve 
performance3. This was the beginning of 
composite assembly technology, whose 
principles still drive the manufacturing 
industry. In fiberglass composite boat 
construction, the predominant 
manufacturing process is the wet lay-up 
process in which a liquid resin is applied 
over a mold while fiber reinforcing is placed 
on top. To better understand the design and 
fabrication process of the composite 
system, I visited the manufacturing facility of 
Cobalt Boats in Neodesha, Kansas. Cobalt 
Boats has been manufacturing boats for 
over 30 years and is respected within the 
boating industry.  Cobalt’s design process 
begins with a rendering that is then used to 
build a full-scale wood mock-up of the 
primary deck and hull components.  A wood 
mock-up is sent to Janicki Industries in 
Sedro-Woolley, WA, which digitizes the 
mock-up to create a 3-dimensional graphic 
model.  This information is then transferred 
to a 5-axis CNC-routing machine, which 
fabricates complex composite molds and 
plugs from foam. This methodology forms a 
prototype design operation in which molds 
can be quickly created from various 
materials such as wood, plastic or foam.  
Current boat fabrication technology, like that 
at Cobalt boats, uses a woven process of 
fiberglass sheets placed in successive 
layers between resin binders.  Workers at 
Cobalt Boats employ rollers to impregnate 
the fiber in resin, while squeezing out the 
excess resin to create a uniform distribution 
of the resin throughout the surface. The 
composite is allowed to cure for three or 
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more days, and then, a balsa or honeycomb 
foam core material is adhered to the 
fiberglass, creating a sandwich panel 
structure. The foam plug is later thrown 
away and the first fiberglass shell becomes 
a physical template that is referred to as 
“master 1.” [image below]  This fiberglass 
shell template is then used to make other 
hulls of the same profile, a process referred 
to as “tooling,” in which the process of 
making one object (tool) is used to 
determine the shape of another4. This 
methodology and the technology used is 
seen in many applications of product design 
and presents a flexible and efficient option 
for utilizing composite materials without 
sacrificing the creative potential that 
architectural components often require.   
 

 
Master 1 shell 
 
While researching boat manufacturing, I 
discovered similarities and distinctions 
between the methodology for boat 
construction and traditional building 
construction. One similarity is the 
dependence on hand-labor for craft and 
building performance.  The primary reason 
for this low-tech, manually driven process in 
boat construction is that much of the 
machinery used is unable to adequately 
control the often-unpredictable behavior of 
fiber and woven materials.  Manual 
application can more easily control fiber 
orientation. For architecture however, the 
key difference is that buildings are primarily 
component driven; i.e., they are the 
summation of diverse parts that comprise 

them.  In contrast, boat manufacturing has 
largely been transformed by minimizing the 
whole structure into two primary 
components, the deck and hull.  These 
components would be comparable in scale 
with a small architectural space.  Fiber-
composite materials have a superior weight-
to-strength ratio over traditional 
homogeneous materials.   The layered 
assembly of fiberglass components allows 
for large, lightweight, complex forms to be 
manufactured within tight tolerances and 
fabrication requirements. These tolerances 
meet and in some case exceed those found 
in traditional building practices.   
 
The research goal was to allow potentials 
within the material investigation to define 
the working parameters both intellectually 
and physically. The design project used to 
test this research was a ‘true’ material 
investigation.  I physically explored the 
potential of fiberglass as a material along 
with the hand lay-up process, like that used 
in the fiberglass boat industry, and created 
composite samples from which to test 
multiple design and fabrication criteria.  
Comprehension of the material’s 
construction process was critical to 
designing a composite material system that 
could address multiple issues of lightweight 
building construction.  
  
In the wake of Hurricane Katrina in 2005, a 
concern for those left homeless and those 
who have been displaced by disasters has 
become more dominant theme in the media 
as well as the average American home. It 
has spawned new debates and created a 
new fervor for finding solutions to 
transitional and permanent shelter for those 
affected.  This research chose the 
transitional shelter typology as the means to 
develop a fiber-composite building system.  
Examining the design and manufacturing 
methodology of fiberglass boats discovered 
material and fabrication flexibility that could 
be applied to a composite building system.  
The design goal was to create a kit-of-parts 
system that served multiple physical 
conditions, existed completely or partially off 
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the grid and was not solely dependent upon 
a specific site.     

Material Experiments 

The first series of material experiments 
investigated a built-up methodology, which 
used fiberglass. The samples began as flat 
mock-ups using an embedded network of 
tubes incorporated within the material layers 
that were then oriented in different 
configurations in order to understand the 
resin/fiberglass lay-up process and the 
relationship of an embedded system within 
a fiberglass matrix. [Sample 1] The research 
investigated how the lamination process 
could include a second material as part of 
the assembly while expanding the role of 
the material component. The tube system 
evolved into a two-shell composite that 
joined to form a single shell with a 
contiguous flat inner surface.  An outer 
surface with bevels created hollow slots that 
could serve as a potential distribution 
system for water or electricity. [Sample 2] 
This sample began to address more 
successfully the potential of a multi-
functioning skin and led to additional 
experimentations with surface and form. 
 
Designing the shell volume from the 
perspective of multiple surfaces changed 
how the build-up process would direct the 
design thinking. A CNC-router was used to 
rout multiple surfaces out of foam that would 
be used as a mold to conduct the 
resin/fiberglass castings.  The CNC 
machine creates a seamless link from the 
virtual to the physical understanding of a 
design and allows for more iterative work.  
In one case, a folded form surface [Sample 
3] was cast with the intent of analyzing form 
through overlapping planes and ‘kinks’ that 
could provide stiffness to the structure and 
test its potential for longer span elements, 
such as a roof.   
 

 
Samples 1 & 2, top 
Sample 3 - Folded Form, bottom 

Learning through the material 
process 

The material experiments conducted were 
intended to work at multiple scales.  It was 
through working with the fiberglass material 
that I began to understand the multiple 
scales of deformation within the fiberglass 
material.  Surface and form have both micro 
properties of structural strength, yet also 
macro properties of program and service 
integration. This became paramount in 
helping to further develop a fiberglass 
system of shell components. Following the 
material experiments, the design for a fiber-
composite building system using a kit-of-
parts began to develop.  This building 
system could be fabricated off-site (at a 
boat manufacturing facility like Cobalt 
Boats), then shipped to various locations 
and installed on a raised structure or steel 
chassis system, not unlike that used for 
manufactured housing.  Joined together, the 
parts formed a small Single Occupancy 
Room (SRO) unit that could be used for 
multiple temporary housing needs.   
 
A benefit of this type of building system, 
over other transitional housing options, is its 
design flexibility and its ability to 
manufacture building systems based upon 
specific needs, budget concerns and time 
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constraints. A manufacturing facility like 
Cobalt Boats manufactures as many as 50 
boats per week.  A new material system like 
the one explored could be accomplished 
using the same methodology, tools and 
workforce.  


Image of fiber-composite SRO unit 

Design + Build 

Architecture is a dynamic and synthetic 
process; this material and methodology 
research engages the craft of architecture at 
the level of material awareness.   This 
approach to understand design as a 
physical act of making has progressed into 
a pedagogical approach encompassing 
design + build projects, small and large-
scale installations, methods of operation 
and the tools used.   
 
Currently at the University of Colorado, I am 
working with Assistant Professor Michael 
Hughes on TrailerWrap; an innovative, 
community design + build project that allows 
students to physically engage issues of 
sustainable and affordable design within the 
context of a traditional urban trailer park.  
The project explores the potential of 
affordable housing through the adaptive 
reuse of an old and inefficient mobile home.   
 
While often overlooked, the mobile home 
represents an important but under 

appreciated housing typology in the United 
States, because it serves a wide range of 
citizens.  However, poor construction 
techniques and use of materials have 
proven to be major flaws in mobile home 
design. In response to common 
misconceptions related to mobile homes, 
the TrailerWrap project provides a simple 
and affordable solution that improves both 
the spatial quality and energy efficiency, 
which is typically lacking in conventional 
manufactured housing.   
 
The pedagogical objective of TrailerWrap is 
to be a laboratory for teaching and learning. 
Students develop an ethos of making 
through a physical engagement of materials 
and methods.   As a design + build project, 
the key challenge for students is working 
with a set of limitations that rarely if ever are 
addressed in a typical design studio.  
Instead of being viewed as obstacles these 
traditional boundaries of building codes, 
budget constraints and the physical honesty 
of construction have presented some 
unique design decisions on material 
selection, detailing and construction 
techniques. Learning through building, I 
believe heightens a student’s knowledge of 
architecture as a craft, a practice sculpted 
through material engagement.  
 
At the site, the interface between materials 
and building trades are problematic. This 
interface between components can in fact 
become a design element in itself.  The 
concept of a well-designed and fabricated 
building component became a driving force 
in the TrailerWrap’s design process and has 
directed the strategy for its construction.  
 
The project began in the Fall 2005 semester 
in Assistant Professor Hughes’ Design 
Studio with the re-design of an existing 
chassis system that integrated a new 
building structure and infill wall system. 
TrailerWrap’s innovation lies in its 
reconstitution of an existing building 
typology vetted through new materials and 
building techniques.  
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Construction began in February and is 
continuing through the summer with a new 
group of students.  The construction has 
involved both steel fabrication and wood 
frame construction so that students could 
engage various building techniques. As part 
of the design project, students also built full-
scale mock-ups of key building components 
to further their ethos of making and deepen 
their understanding of craft.  As part of the 
learning experience, the University of 
Colorado-Boulder facilities management 
staff is available to provide assistance on 
trades such as electrical wiring and 
plumbing.  We plan to have the construction 
completed at the end of Summer 2006. 
 

 
TrailerWrap project under construction 
 

Kinetic exploration  

Furthering my pedagogical objectives, I 
have also developed a graduate-level 
seminar that investigated the working 
methodologies of multiple design 
disciplines. As part of the seminar, students 
researched and presented theoretical 
positions, and methodologies used from a 
variety of design practitioners such as 
artists, writers, filmmakers, product 
designers, and emerging architectural 
practices. Learning from these theoretical 
positions, the students developed design 
strategies along with methods of working 
that later were tested through two projects. 
The goal and ultimate result of the seminar 

was about understanding design as a 
physical act of making.   
 
The first project explored text and 
composition by re-envisioning the book as a 
relationship of text, image and reader. Each 
student selected a book from which to “re-
text” and re-fabricate as a made object. The 
page was to be viewed as a potential 
architectural space from which to create a 
new physical narrative; students then re-
envisioned the operation of a book as a 
container of that narrative. The second 
project explored the “kinetic object.” The 
objective was to understand movement and 
dynamics as an operation of the object, a 
value that pertains to architecture as well.  
This design methodology develops an ethos 
of making by emphasizing the relationship 
of material to process, working iteratively to 
determine how they (material and 
technique) lead to form.  Working through 
the material/technique connection, students 
investigated various forms of kinetic 
phenomena. The kinetic paradigm took 
many forms of shape, scale and material 
connection. The kinetic objects, once made, 
operated on multiple levels of movement 
and explored multiple forms of 
transformation.  
 

This summer, I expanded upon the kinetic 
paradigm in a studio that focused on the 
design of temporal spaces for the urban 
nomad. The urban nomad is without a 
permanent domicile or place. Nomads move 
about our cities, finding leftover and residual 
spaces in the city from which they construct 
personal interventions and additions to the 
urban fabric.  These modifications, although 
only temporary, create new spatial identities 
within their context. The spatial conditions of 
nomadic lifestyles were explored through 
two divergent forms: the technological or 
urban worker and non-technological nomad 
of the   homeless individual.  The studio 
used the dynamic social space of the 
nomad as praxis from which to explore the 
transportable and adaptable space 
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paradigm and how it can respond to multiple 
urban conditions.    

 

Kinetic Object – Ethos of Making seminar 
Project by Will Babbington 
 

Le Corbusier described the work of Carlo 
Scarpa, with his fetish for materials and 
details, as evolving around the joint.   The 
joint is treated with a tectonic attentiveness 
that Corb would term “the joint as the 
generator.”5  Similarly for this studio, the 
kinetic, or dynamic operation at the joint 
was to become the generator for innovation.  
Students researched kinetic movement and 
transportable structures then tested various 
kinetic strategies through large and small-
scale mock-ups and prototypes to better 
understand how the dynamics of their 
strategies can create multiple spatial 
conditions. It is critical to understand kinetic 
paradigms such as folding, hinging, nesting, 
expansion and contraction and how these 
kinetic operations can lead to various spatial 
and formal transformations of design. This 
became prime in defining the relationship of 
materiality and methods of making. 
Investigating materiality, whether rigid or 

flexible, heavy or light, forced students to 
further test how their strategies changed or 
necessitated modifications when the 
substance of materiality became imbedded 
in their physical form.  Operating on the 
level of a machine that is able to be 
controlled, these spatial devices allows 
students to manipulate kinetic phenomena 
to better engage how architecture is 
manipulated through the use of space, 
surface and materiality, and how it directly 
affects the audience.  The goal is to change 
the way students think spatially and 
materially.  Their work will result in 
constructed large-scale nomadic spaces 
that will be adaptable to three different 
urban conditions.  These will have the ability 
to be transported to various sites and re-
deployed in their new spatial configuration. 
Successful projects will be the urban 
interventions that demonstrated their spatial 
potential and how well they operate within 
their urban context.  

Ethos of Making 

Aesthetic language is largely determined by 
the fabrication techniques and materials 
used6. However in architectural education 
design aesthetics often do not critically 
address the tectonic relationship, instead 
relying steadfast on a formal aesthetic 
language that is separate from a 
material/structure language.  To understand 
craft of a made object is to understand the 
knowledge of materials and methods and to 
reveal what is latent within the process of 
making that object. Whether created by 
artist, architect or builder, the result should 
merge the work of the mind with the work of 
the hand.  It is through this connection that 
an ethos of making is both defined and 
developed.   
 
I have been engaged in architecture for over 
12 years as a practitioner, through 
design/build practices and as an educator.  
Through these experiences, I have gained 
both an understanding and a deep 
questioning of normative building practices.  
These beliefs have directed my architectural 
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interest towards an ethos of making and 
how that can inform us as designers in 
areas of materials and technology. My goal 
as an educator is to present a culture of 
learning in which students investigate 
architecture as a critical instrument in a 
complex meshwork of form and material, 
translated through an understanding of its 
making (tectonics).   
 
In the attitude of Richard Rodgers, I have 
tried to foster an ethos of making through 
teaching that is developed through 
design/build projects and both small and 
large-scale prototyping; projects intended to 
bring together the mind and the hand.  
Classes are meant to challenge a student’s 
understanding of materiality as a holistic 
relationship of material with form, process 
and detail.  I believe such thinking will 
expand an architectural student’s design 
decisions and provide avenues for 
exploration that will only augment their 
architectural education and future positions 
as practicing architects. 
 
References: 

1 Mallgrave, Harry Francis and Herrmann, 
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3  Gordon, J.E.,  The New Science of Strong 
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5 Frampton, Kenneth. Studies in Tectonic 
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Why Brick? A Theoretical Basis for  
Designing Construction 
Barry D. Yatt, FAIA, NCARB, CSI 
School of Architecture and Planning, The Catholic University of America 

 
Have you ever felt like Lucy Riccardo in the 
old I Love Lucy show when the assembly 
line of candies just overran her ability to 
package them, and she finally just gave up 
any attempt to manage? That’s how I feel 
sometimes when I open the most recent ar-
chitecture magazine or profession website 
or manufacturer mailing and am reminded, 
once again of the pace at which new con-
struction products are hitting the market. I 
can’t keep up.  

But I have to keep up. That’s my job as an 
architect even if I didn’t also need to some-
how teach it to architecture students. For 
my clients’ sake and my students’ sake, I 
need to stay abreast of new products. But 
how? It seems that the fourteen headings 
(or folders or bins or boxes if you prefer) 
that MasterFormat allocates to architectural 
data overflowed a long time ago. Each of 
those fourteen headings has tens of thou-
sands of entries. I can’t image how my stu-
dents avoid being overwhelmed. Maybe it’s 
time to declare a time out and look for some 
meaningful way to get organized. 

The Need 

No theoretical basis currently exists for con-
struction detailing. The subject is learned as 
a series of facts with little or no overarching 
or unifying framework. The term “architec-
tural theory” is always assumed to refer to 
the theory of aesthetics, never of construc-
tion technology. That’s because there has 
never been a theory of technology. The best 
organizing strategies we’ve been able to 
come up with to date are MasterFormat1 
and Uniformat II2, both of which can be 
used to categorize materials or details, but 

neither of which can serve as a framework 
for understanding the universe of architec-
tural forms, assemblies, subassemblies, 
materials, treatments, and products, and 
how all of them relate to one another. Still, 
almost every book on construction design 
and every course taught is organized using 
one of these very limited forms of organiza-
tion. 

As a result, even the best technical students 
say they don’t know which material to use 
for their studio projects or how to put them 
together. Students attribute their confusion 
to the approach of “means and methods” 
courses, which rarely consider materials 
from a design perspective. And how many 
people have ever found the answers to their 
detailing questions in Architectural Graphic 
Standards? The problem isn’t only faced by 
students; interns and practicing architects 
deal with it also. They don’t want informa-
tion, they want guidance. 

So about four years ago the author set out 
to devise a new approach, a system of 
thinking, a logic tree, to guide students, in-
terns, and practitioners when trying to make 
decisions about component selection or use 
at any level. While still evolving, the system 
is now fairly complete. It has already been 
used as the organizing strategy for a course 
syllabus and for the draft of a textbook 
(which has already been used very suc-
cessfully with students). Software is also be-
ing developed based on it that designers 
can use to guide them when making such 
decisions.  This paper will describe the con-
cept underlying and key features of an ef-
fective logic tree, and suggest ways to use it 
to help students finally “get it”.  
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Architects Don’t Design Space 

Space is always there, even without archi-
tects and even without builders. What archi-
tects design are spaces — defined parcels 
of space. But even spaces aren’t what get 
built. The only way to make spaces is by 
designing and building “solids”, the horizon-
tal and vertical planes, the walls, floors, and 
roofs that enclose and define space. So 
while architects may start off designing 
spaces, in the end, they must design solids, 
since it is only through the design of those 
solids that the intended spaces come to ex-
ist.  

But all too often, architects have little inter-
est in designing solids. That’s a problem, 
since they’re the only ones with the educa-
tions and licenses to do it. Perhaps if the 
topic wasn’t so inscrutable, they’d have 
more interest. Architects manage to appre-
ciate “architectural theory” as it relates to 
aesthetics. It brings order. Yet somehow 
they don’t even seem to notice that there’s 
no theory for the design of solids. Perhaps 
the number of architects interested in the 
design of solids is insufficient to develop the 
needed theories. Perhaps the funding, in-
frastructure and incentive for such research 
is insufficient. But without a rational underly-
ing theory, it’s difficult to raise the quality of 
solids design. Perhaps it’s time to develop 
one. 

Good architects might begin to develop a 
theory with a look at the problem. Problems 
occur on many levels. To start, there’s no 
method to the way information related to 
construction detailing is managed, the way 
architects learn to design details, the way 
manufacturers disseminate or update infor-
mation related to detailing, the way contrac-
tors present alternative approaches to de-
tailing, the way architects evaluate pro-
posed substitutions, or the way property 
managers use information to maintain the 
construction of their projects. In addition, the 
ongoing trend toward architects being asked 
to do more and more with less and less is 
showing no signs of abatement. Architects 

comment on how frustrating it is to try to find 
the answers to their technical design ques-
tions, on the overwhelming nature of the in-
formation they deal with—its range, scope, 
and inconsistency—on the technical nature 
of that information, and on the sometimes 
frustrating lack of technical content in tech-
nical information. 

But Do These Issues Constitute A 
Problem?  

People have been building since civilization 
began. Surely the system must be working 
as is. Well, it is. But what worked under yes-
terday’s expectations of efficiency is becom-
ingly increasingly unacceptable. In these 
days of ultra fast, error free, and cheap, it is 
critical that the design professions, con-
struction industry, and real estate business 
work more efficiently.  

This issue has surely been raised before. 
Architects have traditionally learned to de-
sign solids. What guided them? Perhaps the 
best-known model for technical design was 
Louis Kahn’s dictum to “ask a brick what it 
wants to be.” This attitude works where a 
material has already been selected. If the 
building must be brick, then brick should be 
asked what it wants. But who or what says 
that a project 
must be brick? 
Should material 
determine form, 
or should form 
determine 
material? Maybe 
Kahn should have 
asked “What 
material is most 
appropriate for the part of the project I’m 
designing?” Because then he would have 
answered “It depends on what role that part 
plays in the project.” And that matter can’t 
be resolved solely by a look at materials. 

So, one need look beyond Kahn. What else 
is there? One might say that there is a kind 
of theory represented by the standards cur-
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rently used in the current industry. These 
include MasterFormat® and Uniformat II®, 
the National CAD Standard and Section-
Format®, and industry Standards such as 
those written by ASTM, ANSI, UL, and oth-
ers. 

But none of these classification, ordering, or 
formatting systems are able to provide 
guidance. They organize the elements of 
construction according to what or where 
they are, not what they do. But design deci-
sions must be based doing—on perform-
ance. So, existing systems will never be 
able to serve as an organizational frame-
work for decision-making. 

What Effect Does this Have on Us? 

Practicing architects and students of archi-
tecture say that they don’t want to do tech-
nical design. Even those who start out with 
a real interest in technical design are often 
talked out of it by graduation. We can do 
better on this issue, but doing so requires a 
cultural shift in architectural education and 
practice. That won’t happen overnight. And 
those architects and builders who know a lot 
about materials may still not be able to 
choose.  

In addition, those in the industry have trou-
ble internalizing information without a con-
text in which to consider it. They have no 
cataloguing or searching system beyond the 
memory of the office’s older staffers. And 
they find the details in detailing books to be 
of limited applicability to real projects. 

So what do they do? Many architects collect 
“clipped” details until their employees stop 
thinking. Then they ban such details, work-
ing from scratch until work efficiency plum-
mets. Then they start to clip again. It’s a 
tough cycle. They commonly have a tough 
time evaluating substitutions that are sug-
gested after the reasons for the initial deci-
sion have been forgotten. 

Ultimately, as a result of this lack of a theory 
of detailing, time is wasted by architects, 

and especially interns and designers, trying 
to figure out how best to design details. 
More time is wasted by manufacturers and 
contractors re-designing poorly detailed 
construction during the shop-drawing proc-
ess. Claims arise from poorly designed de-
tails.  

Further, design professionals increasingly 
turn to “delegated design” to transfer some 
of the responsibilities they’re incapable of 
meeting. But manufacturers aren’t always 
able to accept those responsibilities be-
cause either they don’t have knowledge of 
the products made by other manufacturers 
being used in a detail, or they don’t have the 
requisite skill or license. 

And one could fairly easily argue that the 
profession and industry suffer from a sense 
of general confusion and lethargy as a re-
sult of having no clear method to their mad-
ness.  

Yet these factors are getting worse. The 
demand is growing for well-designed build-
ings. The complexity of technical design is 
increasing but compensation is not. In-
creased use of CAD makes it easier than 
ever to grab and insert inappropriate details 
that are insufficiently considered. More and 
more new products are being introduced as 
options. Software is moving more toward 
BIM, three-dimensional Building Information 
Modeling, which absolutely requires some 
form of informational organization to work 
effectively. It’s time that a theory be devel-
oped. 

Approaching a Solution 

A coordinated, unified way of thinking about 
technical design is needed to guide deci-
sions, one that can be navigated easily, but 
that doesn’t make decisions for design pro-
fessionals, and that can be used by every-
one in the construction industry who is in-
volved in deciding what gets built, or that is 
affected by that decision. That includes de-
velopers, architects, builders, property 
managers, manufacturers, distributors. 
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A logic tree is needed that fits the way tech-
nical designers commonly make decisions. 
But there is no consensus on how they do 
that, and method may depend on the par-
ticular issues of each project. Still, it’s pos-
sible, and perhaps even likely, that there are 
just a few ways we could agree on as effec-
tive for organizing technical design informa-
tion. 

For example, information related to deci-
sions could be organized from macro to mi-
cro: What forms should be used in the pro-
ject? What assemblies should be used in 
the forms? What subassemblies should be 
used in the assemblies? What materials 
should be used in the subassemblies? What 
treatments should be used on the materi-
als? 

Such a logic tree could help designers, 
builders, distributors, manufacturers, and 
property managers appropriately find, 
evaluate, and apply information related to 
construction even when they haven’t yet 
decided what they’re looking for. 

And there’s no law that says that such a 
logic tree would only work when navigated 
linearly from one end to the other. It’s pos-
sible that it would serve just as effectively in 
reverse, or even when started from the mid-
dle and then navigated outward in either di-
rection. Books organized using the Dewey 
Decimal system are easily located wherever 
they are, simply because the order in which 
they are arranged makes them navigable. 

The utility of and justification for a logic tree 
seems so obvious. But it doesn’t already ex-
ist for possibly several reasons. The com-
puter technology necessary to take full ad-
vantage of such a logic tree has only recent 
become feasible. There is no real research 
infrastructure in the US to support this kind 
of project. (Maybe this is something that the 
BTES can look into.) And most of the de-
signers that could develop it are likely either 
be too busy with their practices or lack in-
terest in technical design. 

The Potential Impact 

But if it did exist, one could do a lot with it. A 
theory such as the one described could 
have potential impacts on many levels and 
in many areas.  

One could potentially automate the logic 
tree as software, do graphic “what if” analy-
ses while evaluating substitutions or alterna-
tives, compile performance assessments of 
various combinations of subassemblies, im-
plement factory-to-shop-to-site-to-place-
ment inventory control, and facilitate post-
construction property management 

In architectural education, it could help stu-
dents understand how each component 
used in construction is related to every other 
component. It could help bring detailing into 
the design studio, the heart of architectural 
education where technical design rarely ap-
pears. 

On architectural practice, it could enable 
senior designers to more directly control 
technical decisions. It could maximize the 
effectiveness of a limited number of senior 
technical designers. It could avoid the need 
to “offshore” the required detailing services. 

On contracting, it could help coordinate in-
formation generated by construction man-
agement and contract administration. And it 
could help with inventory control on con-
struction sites. 

On manufacturing, it could let manufactur-
ers better help architects improve the quality 
of their technical designs. And it could help 
architects direct the manufacturing process 
by linking detail design with computerized 
fabrication. 

If it’s time to develop such a theoretical ba-
sis for designing construction, where and 
how does one start? Does a theoretical ba-
sis for designing construction exist? It ap-
pears that it does, at least in theory. No-
body’s ever gone looking for one, so none 
has ever been codified.  
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Logic trees are like roadmaps. When you know 
you’re in the neighborhood, or know which artery 
your destination is near, it’s a lot easier to find the 
place you seek. 

Creating a Theoretical Basis 

But since the design professions and con-
struction industries need one, the sooner 
one is developed the better. Awareness 
must be deepened and a dialog must be 
opened. Development of a theory must be 
pursued. 

The author has been working on developing 
a theoretical basis for detail design for sev-
eral years, and has some discoveries to 
share. To start with a look at the basics, 
note the following:  

• Any theoretical basis must have a logic 
structure. Logic structures are inherently 
hierarchical or vertically differentiated. 
When there are too many alternatives at 
a given level of organization, that level is 
subdivided. This aids navigation.  

Elements organized by such structures 
are related by their position within the 
structure. Such structures put best al-
ternatives to any given selection on ad-
jacent and nearby branches of their 
logic trees. By contrast, searches such 
as those conducted by Internet search 

engines include no logic structures, no 
hierarchies, and thus depend completely 
on word or parameter searches. Every 
search starts over from scratch, ignoring 
whatever insights were gained from pre-
vious searches.  

Of course, we already have at least two 
construction logic structures in common 
use—MasterFormat and Uniformat. But 
neither is sufficiently hierarchical. Once 
past the first level of organization, their 
ability to organize is quickly exhausted. 
We need a system that has no more 
than a half dozen headings at each level 
but that has many levels if we are to 
maintain our sense of orientation within 
the vast universe of construction.  

• The hierarchy in any theoretical basis 
must be organized in a macro-to-micro 
way that puts strategic design decisions 
ahead of tactical ones. 

• Any terms or labels used for the head-
ings must be “baggage-free", so they 
don’t imply unintended meanings. This 
rules out such terms as "slab" or “block" 
since they imply not only a geometry but 
also a specific system or material 

• Multiple portals to the organizing 
scheme must be available. Different 
people think in different ways, and indi-
vidual people may need to think differ-
ently for different tasks. So while a sin-
gle method of organizing elements may 
be required to avoid ambiguity, several 
“skins” must be provided for it to make it 
accessible to any reasonable designer 
in any reasonable context.  

• It must have the openness and flexibility 
to accommodate future developments in 
the construction markets and sciences. 
In addition, it must be able to contain all 
of the millions of elements that it needs 
to classify. The scope is enormous. 

• It must have the openness and flexibility 
to be compatible with existing ap-
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proaches to documents production and 
contract administration while accommo-
dating new and future developments, 
such as Building Information Modeling 
(BIM), the National CAD Standard 
(NCS), the ability to work with data or-
ganized by the latest editions of Master-
Format/OCCS or Uniformat. 

Since the author’s theory is still in develop-
ment, the patents are still pending, and the 
costs of developing it are being borne by 
private industry (since there really is no 
funding infrastructure for basic architectural 
research), it can’t yet be discussed in its full 
depth, or fully published here. But some ad-
ditional elaboration may be appropriate. 

Specifics 

Consider first an analogy. Think about chil-
dren’s books whose pages are split into 
thirds. You’ve all probably seen them. A 
toddler can explore such possibilities as an 
alligator-headed, cat-torsoed, cow-legged 
creature, or one that is cow-headed, alliga-
tor-torsoed, and cat-legged. All that’s known 
for sure is that every creature must have a 
head, torso, and legs. But each of those 
elements can be swapped out and substi-
tuted for other elements, so long as they are 
all similarly formatted. The formatting is 
critical to enabling them to match up where 
page segments meet. 

In this scenario, a child could come up with 
6 different animals from the options offered. 
Per the table below: 

 Head Torso Legs 
Animal 1 Alligator Cat Cow 

Animal 2 Alligator  Cow Cat 

Animal 3 Cat Cow Alligator

Animal 4 Cat Alligator Cow 

Animal 5 Cow Cat Alligator

Animal 6 Cow Alligator Cat 

When designing details, what if an architect 
could swap alternative wall assemblies, 
floor-ceiling assemblies, and roof assem-
blies? Is it so far-fetched? Every detail 
needs all of those elements, the same as 
every animal in the children’s book needs a 
head, torso and legs. Some are incompati-
ble combinations, but such incompatibilities 
could either be learned or disallowed by the 
rules of the system. 

Need such a system stop at this level of 
complexity? If it did, it would be of very lim-
ited use to an architect. So to continue with 
the previous analogy, what if the child was 
able to swap beyond the scale of head-
torso-leg? Imagine if the little book allowed 
them to customize the head by itself, using 
the nose of a dog, the eyes of a fish, the 
ears of a lion, and the skin of a turtle. For 
one thing, the little book wouldn’t be so little 
anymore. Yes, it starts to get complex, but 
think of the possibilities! 

How does this apply to detail design? What 
if, instead of choosing from among a limited 
number of complete wall assembly options, 
an architect could customize a wall assem-
bly from multiple surface, support, separa-
tion, and systems subassemblies?  

What if the architect could go further, swap-
ping at the subassembly level just as the 
child swapped to make a custom head? In-
stead of picking from a number of packaged 
separation subassembly alternatives, one 
could put together one’s own combination of 
thermal, acoustic, vapor, and air separa-
tions. And what if one could go even fur-
ther—cooking up one’s own thermal separa-
tion combination from a custom mix of con-
vective, conductive, and radiant thermal 
separation options?   

Imagine also that each particular subas-
sembly element was documented using a 
single consistent format. A designer who 
chose metal studs for a support subassem-
bly, and then decided instead to use con-
crete block could simply swap the text re-
lated to that support subassembly option 
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within the specification, and swap the image 
of it within the construction detail. 

How big a system is needed to make this 
work? A universe of three swappable animal 
alternatives gave us six (6) possible crea-
tures. But he number climb astronomically. 
If instead of three, we had ten alternatives, 
we could arrange them in 3.6 million (3 x 

106) different sequences. Fifty alternatives 
could be arranged 3 x 1064 different ways. 
That’s thirty billion billion billion billion billion 
billion billion different ways—from only fifty 
elements. Compare that with the eight or 
ten alternatives for each type of detail, com-
posed of fixed combinations of elements, of-
fered by the usual books on detailing. Cus-
tomize them at your own peril! 
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The idea of such a theory is very simple. 
And yes, the scope is huge. But the possi-
bilities are virtually infinite. They would cer-
tainly impose no practical limits on design. 
So we must proceed to develop a practical, 
applicable, tool from this idea. But it will be 
a challenge to develop both a classification 
system and a formatting system that each 
have the needed complexity but also the 
needed clarity. The author, after four years, 
is currently on the seventy-fourth major re-
vision of his classification scheme. But it’s 
getting close. 

Conclusion 

Think of how much easier it would be to 
teach construction design (what we tradi-
tionally mislabel as “means and methods of 
construction”—we’re not teaching construc-
tion management, after all) if we first ex-
plored the characteristics of the different 
construction details. What are the design 
considerations for a spandrel detail and how 
do they differ from those for a parapet de-
tail? Once students understood that, we 
could talk about the connection alternatives 
from which the details are composed, and 
then the assembly alternatives that are con-
nected at the connections, and then the 
subassembly alternatives from which the 
assemblies are composed, eventually get-
ting all the way down to exploring the differ-
ent treatments that could be used for the dif-
ferent materials from which one could make 
the different subcomponents of each of the 
subassemblies.  

It’s a lot to learn. But that’s always been the 
case. What changes in this scenario is that 
finally both students and practitioners would 
be provided a flexible yet rational organiza-
tional structure to guide their leaning of, and 
eventual use of, that information. 

Perhaps the points raised here will serve to 
stimulate discussion and get people thinking 
not only about the value and need for the 
kind of theory discussed here and the role it 
could play in the schools and profession, 
but also about the need for architectural re-

search and the funding infrastructure that 
would support it. 

Lucy Riccardo would appreciate it. 

 
Notes: 

1 MasterFormat was first published by CSI 
in 1963. It organizes elements of construc-
tion by the products from which they are 
built. It becomes useful primarily after prod-
ucts have been selected. The system 
groups products in multiple ways with no 
particular consistency. For example, some 
products are grouped by material (05: Met-
als), some are grouped by form (04: Ma-
sonry) and still others by function (09: Fin-
ishes). So a concrete paver  used outdoors 
would be classified for its location under di-
vision 2 (sitework), one used indoors would 
be classified for its use under division 9 (fin-
ishes), a concrete floor slab would be classi-
fied for its material under division 3 (con-
crete), a concrete block wall would be clas-
sified for the fact that it is installed by stack-
ing, under division 4 (masonry), while a 
concrete countertop would be classified un-
der division 11 (equipment) or division 12 
(furnishings) for the fact that it is fabricated 
off-site. Its recent expansion into the OCCS 
(Omniclass Construction Classification Sys-
tem) adds categories, so is perhaps better 
articulated, but carries no changes in basic 
functionality. 

Students whose coursework or texts are or-
ganized by MasterFormat tend to know all 
about products but remain confused about 
where and when they are appropriate as 
design responses. 

2 UniFormat was first published by CSI, 
ASTM, and others in 1998, to aid in the ear-
lier stages of design before products have 
been selected. It organizes elements of con-
struction by where they are located within 
the project (enclosing walls, substructure, 
etc.). While location sometimes translates to 
function or use, and therefore to selection 
criteria, it doesn’t necessarily. 
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While Uniformat is certainly more context-
based than MasterFormat, and can be far 
more useful to a designer, it has little to no 
depth. Once a construction element is clas-
sified by location, there’s no system of sub-
classification to further organize it, or to fur-
ther guide a designer trying to figure out 
which elements are most appropriate for a 
given application. 
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Recycled Walls - A Materials & Methods Project 
Paul A. Zorr, AIA 
School of Architecture - Auburn University 

 
 
Abstract 

An understanding of Materials and Methods 
of Construction should incubate within the 
mind of the student thoughtful feelings 
about design.    How better to accomplish 
this goal than to apply Edward Allen’s Prin-
ciples of construction to a “Hands On “ Con-
struction Project. 

This paper on Recycled Walls attempts to 
bridge the gap between Lecturing about 
Technology and the Technology of Making. 

We live in a world of Consumption and 
Waste.    Basic raw materials have been 
become depleted or have been found toxic 
to human health.    We are challenged by 
technology to economically produce ac-
ceptable alternatives.    Our response to this 
dilemma will be presented in this paper. 

I chose to look at interior walls of our build-
ings.    The pedagogy behind this project 
could have just as well been applied to roof-
ing, flooring, exterior cladding, or any other 
construction system used in a building.    
The study of interior walls produced valu-
able lessons for future projects. 

It became apparent to the students that a 
list of criteria was essential to evaluate and 
refine their work.    The list included the fol-
lowing criteria: Inventive, Aesthetic, Interac-
tive, Economical, Feasible, Tactile, Durable, 
Sustainable, and finally recycled. 

Working “Full Size” was critical to the suc-
cess of the project.    Gathering materials 
from salvage yards, land fills, and the im-
mediate world around was only part of  

 

the solution.    It was the experimenting with 
the means of assembly that presented novel 
and creative insights. 

The students were confronted with the op-
portunity to look at old problems with fresh 
eyes.    Their creative results illustrated an 
understanding of the issues, problems, and 
solutions related to Design and Construc-
tion. 

This paper and presentation of Recycled 
Walls will narrate a path of discovery in 
words and images. 

Introduction 

Teaching Materials and Methods of Con-
struction within the context of an Architec-
tural design curriculum presents opportuni-
ties and challenges to the instructor.    In my 
opinion, the subject matter should be an 
integral part of the design studio.    Unfortu-
nately this is not always possible because of 
the interest, expertise, or priority of the fac-
ulty.    In defense of offering specific 
courses on the subject, the school or de-
partment is assured that each student has 
received uniform instruction on the subject. 
 
With that thought in mind, let me argue for 
the best way to teach and have the students 
retain and apply this knowledge. 

First, a world-class textbook is essential to 
provide the foundation and reference point 
for discussion and further understanding.    
Edward Allen’s “Fundamentals of Building 
Construction Materials and Methods with 
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drawings by Joseph Iano” provides the stu-
dent with the “Construction Bible”. 

Second, one needs the means for students 
to read, apply, and understand construction 
information.    I use a three-part approach to 
achieving these three objectives. 

The first part is to quiz the students on the 
content of each chapter.    Rather than hav-
ing them memorize facts and figures, I have 
them answer in an essay response to a hy-
pothetical situation.   Always applying their 
knowledge.    The second part is at the end 
of the semester in the form of a comprehen-
sive final exam.    Patterned after the 
NCARB Architectural Registration Examina-
tion the students have a good measurement 
of what they need to know to become regis-
tered Architects. 

The third or final part, which is the subject 
of this paper, is an applied “Hands-On” built 
construction project.  

The Recycled Walls Project 

Before I begin in detail about this project, let 
me provide some background information.    
I have always felt strongly that Making and 
a Hands-On experience is critical to the 
education of an Architect.   The Rural Studio 
at Auburn University has put these efforts 
on a world stage.   It was only natural for 
Materials and Methods add to those efforts. 

Finding the right project took many tries to 
achieve success.   I tried small concrete 
pours where students explored texture, 
color, and finish.   I tried Constructions join-
ing three different materials to explore fas-
teners and expression of material.    These 
were all fun projects but they did not seri-
ously connect back to issues of technology 
and construction. 

My next attempt was to construct “Mock-
ups” of traditional Wall, Floor, and Ceiling 
Details.    I knew I was on to something with 
that project.    The students used the tools, 
materials, and techniques as illustrated in 

the book to apply what they learned but the 
projects lacked invention and expression. 

The Pedagogy of the Project 

Rather than trying to use the project to 
cover the entire book, I chose to limit the 
project to the design and construction of 
traditional interior wall finishes.    This focus 
on just one element of construction allowed 
the class the freedom to explore with some 
limits.    The intention was to use recycled, 
salvaged and/or a limited amount of manu-
factured materials. 

The final presentation requirements were to 
fit a two-foot by two-foot size for both model 
and drawing and a maximum weight of two 
hundred pounds.    I asked them to consider 
both the technical and aesthetical issues as 
they developed their final solution. 

Each team of two students was asked to list 
the design criteria that would be used to 
judge their results.    Also required from 
each team was a breakdown of the cost of 
the materials used and documentation of 
the process used to make the Wall. 

The Recycled Walls Examples 

They had two weeks to construct and pre-
sent their design for review.    The following 
are some examples of their work. 

 

Figure 1. Arachne’s Web Recycled Wall 

This wall finish used white Women’s panty 
hose tights and dowel rods to creative this 
innovative wall finish. 
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Figure 2. Drum Sticks Recycled Wall 

This wall used recycled drum sticks and 
scrap Polygal polycarbonate plastic sheets 
to offer privacy while allowing light to filter 
into a room beyond. 

                                                                                         

 

Figure 3.  Recycled Blue Jeans Wall 

This wall used old Blue Jeans, Starch, and 
hot glue to create soft comfortable Country 
look and feel. 

 

Figure 4. Recycled Studio Trash Wall 

This wall used some of the tons of trash that 
is generated in a design studio.    The inno-
vation of this solution was the way it was 
assembled and tactile surface texture. 

 

 

Figure 5.  Recycled Tee Shirts Wall 

This wall was the most creative when it re-
cycled promotional tee shirts.   Using 
chicken wire, mini Christmas lights, and 
hardware cloth the assembly came alive. 
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More Recycled Walls Examples 

 

 

Figure 6.  Recycled Screen and re-bar Wall 

This wall used recycled window screen and 
re-bar to create a semi-transparent divider 
with a magical flow of space. 

 

 

 

Figure 7.  Recycled Old Magazines Wall 

This wall using old magazines created art 
as a wall.    The fragments of color and text 
were sealed between plastic films to allow 
the wall to be illuminated from behind. 

 

Figure 8.  Recycled Dowell rods Wall 

This wall was unique in its use of dowel 
rods.    This wall becomes interactive by 
moving each rod in or out to create infinite 
patterns. 

 

 

Figure 9.  Recycled Drywall and Steel Cable Wall 

This wall looked at a new way of installing 
drywall.    Using steel cable and adjustable 
fastener from off the shelf components, this 
wall design appeared to float in space.
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Conclusions 

The project “Recycled Walls” generated the 
following conclusions: 

First, that the teaching of Materials and 
Methods of Construction demands innova-
tion and application to achieve the learning 
objectives.    Without this important empha-
sis, our profession will find itself in the 
hands of others. 

Second, instilling a curiosity about the built 
world and a passion to make it better will 
educate the designer to become a better 
Architect.    Excitement was generated by 
this project.    The work became a gallery 
show for the entire school to see.    It was 
also on exhibition at Auburn University’s 
Earth Day Celebration. 

Third, working the project full scale and us-
ing real material removed any abstraction 
from the work.    I am a strong believer in 
the detail of construction.   Refinement and 
final design decisions take place full size. 

Fourth, using recycled materials was topi-
cal to current issues of Sustainability and 
Building Green Architecture.    We must 
look critically at the ways we build.    We 
have wasted long enough. 

Fifth, the pedagogy of the project has appli-
cation to other building systems.    For ex-
ample, the exterior cladding of a building 
could be used for a similar investigation.    
The criteria for evaluation would be different 
but I would expect innovative and a creative 
result. 

Sixth, finally we must find ways to reinforce 
the traditional methods of teaching this im-
portant subject matter.   Our students today 
have more distractions and demands on 
their time.    We must find new ways to de-
liver the information and have it retained. 
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Historically it seems that structures class 
has gotten a bad rap in architectural educa-
tion. Not to prejudice those truly great pro-
grams with rich traditions of structures 
teaching, but more often than not the rela-
tionship of structures to design studio is one 
of conflict versus cooperation, of a neces-
sary servitude—or even worse, a necessary 
evil—instead of collaboration. But must 
structures be the lonely stepchild? Do stu-
dents have to be bored to tears with tech-
nology, and need we drive out from them 
the burning desire to design great structures 
that shape and inform architecture at the 
most elemental tectonic level?  

Growing numbers of educators strongly be-
lieve quite the contrary and see the relation-
ship in terms of potential opportunity versus 
confrontation. Models of practice in offices 
the likes of Foster, Piano and Calatrava on 
the grand scale, and Miller/Hull, Cutler 
Anderson, Kieran Timberlake and many oth-
ers on the small scale portend the possibili-
ties of what we can really do. 

It is a little discussed truism that we actually 
have considerable latitude for how struc-
tures is taught in an architectural curriculum. 
For accredited schools, the most stringent 
guideline comes in the form of Criterion 
eighteen of the National Architectural Ac-
creditation Board, entitled Structural Sys-
tems.”  In one succinct paragraph, this crite-
rion reads “Understanding of principles of 
structural behavior in withstanding gravity 
and lateral forces and the evolution, range, 
and appropriate application of contemporary 
structural systems.”  

This leaves wide latitude for implementa-
tion, with pedagogic approaches including 
coursework integrated into studio, innova-
tive hands-on approaches, and applications 
using modern computer technology among 
others. Nowhere in that paragraph does the 
NAAB dictate we must drill students on 
shear and moment diagrams to the exclu-
sion of broad considerations of appropriate 
systems selection. In fact it emphasizes the 
importance of fundamental principles. Rec-
ognition of our educational mission is there-
fore also recognition of the basic difference 
in the needs of students taking architectural 
structures classes versus their peers in 
comparable engineering programs. Stu-
dents of architecture need more to learn 
how engineers think than to think like engi-
neers. 

The papers in this section represent a di-
verse body of approaches that address 
these and many other pedagogic questions. 
They reflect a depth of research on a variety 
of topics including the use of computers in 
conjunction with structures teaching, struc-
tures integrated studio models, hands-on 
projects and lab type work, the role of con-
struction observation, and the need for im-
proved education relative to seismic load 
conditions. In addition, structures as design 
in its own right is a path of enquiry worthy of 
study. 

In this we see ourselves continuing the leg-
acy of the likes of Mario Salvadori and other 
inspirational leaders who find structure as 
one of, if not the, singularly essential aspect 
of making architecture. We owe our profes-
sion and the next generation nothing less. 
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Introduction 

The developing tectonic culture of architec-
ture, as expressed in the effective use of 
materials in design and construction, re-
quires that the designer have a high level of 
expertise in the development of structural 
and cladding systems as well as details. It 
takes a great deal of innovative teaching 
and “tools”, to bring architectural students to 
a level of expression in the technical as-
pects of design that is reflective of a good 
knowledge base in the requirements of the 
material, as well as inspired thinking when it 
comes to the actual detailing of the material, 
its construction and connections. Basic con-
struction teaching must be followed by ex-
posure to high quality case studies that ad-
dress the full range of design, fabrication 
and construction concerns. Such learning is 
more easily developed if highly detailed 
case studies are available to reference. 

The Nodding Off Factor +  
Credibility 

In an ideal world, most professors would like 
to own a “Magic School BusTM”, and trans-
port their students (and themselves for that 
matter!) for live visits of all of the buildings 
and projects that form the basis for their 
teaching. There is truly nothing that can ef-
fectively replace the direct experience of a 
space or a construction site. Although I can 
cite no hard statistical evidence to back up 
this point, empirical evidence would indicate 
that the “nodding off in class” factor seems 
more prevalent when instructors are speak-

ing to “pictures from books” as opposed to 
images taken during a personal experience 
with a space or building. Credibility is also at 
stake when using the images of “others”. If 
the sum total of the professor’s learning and 
experience is derived from the same books 
to which the students have access, there 
may be nothing substantive that can be 
added to the discussion. Such can parallel 
the classic problems encountered with 
teaching from a text. If the professor only 
uses the text, many students skip classes 
as they find nothing extra is offered. 
 
A very renowned Architectural historian was 
presenting at our University several years 
back. Having long used his text in one of my 
courses, I was keen to hear him present in 
person. The talk drew from examples in his 
most recent book. The images presented in 
the talk were the same black and white im-
ages that were included in the book. It soon 
came to be apparent that the author had 
never visited the subject buildings, and was 
also relying on stock photographs, taken by 
others. Not only did the experience leave 
me feeling skeptical about the authority be-
hind the research, but it also revealed an 
increased distancing from the source mate-
rial by referring to the work of this author. 
Rather than citing work that was immediate, 
that work was an additional step away from 
any direct experience with the actual archi-
tecture. Where this might be acceptable 
when speaking in terms of theory, form and 
planning, it does fall short of describing is-
sues of construction process and tactile as-
pects of structural materiality. 
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Difficulties in Obtaining Live  
Construction Information 

Unfortunately, whether the teaching of build-
ing technology is grounded in its beginnings 
in history and theory, or based upon current 
examples, it is fairly safe to predict that the 
majority of lectures on the subject make ex-
tensive use of images of buildings. Since 
our audience is North American, and much 
of the early material and structural innova-
tion in Western Architecture occurred in 
Europe during the 18th and 19th centuries, 
distance also removes both us and our stu-
dents from direct experiential access of his-
torically significant structural and material 
examples. The work of Pier Luigi Nervi, for 
instance, was a critical influence on subse-
quent North American efforts in innovative 
use of cantilevered and plastic concrete 
shaped in buildings.  
 
For lack of travel budget, I had included his-
toric construction images of Nervi’s Palazzo 
dello Sport in the EUR from the first offering 
of a lecture on the origins of innovative con-
crete construction, delivered in 1985. 
Twenty years later, I finally had an opportu-
nity to experience the building and it was so 
much more inspirational than I was ever 
able to convey in a lecture based upon book 
images. 

New architectural movements also tend to 
emanate from Europe or the Pacific Rim, 
and this also causes distance issues. Most 

innovation in the realm of double façade 
construction, for instance, has happened in 
Europe, with few North American examples 
to be found. The corporate culture of the 
United States and Canada has tended to 
limit highly innovative and ground breaking 
projects. Norman Foster’s Swiss Re, Wem-
bley Stadium and Greater London Authority 
projects1 may all have their unique con-
struction and performance problems, but 
from a purely academic perspective, these 
can be some of the more beneficial lessons 
for our students. What can be learned from 
the World Trade Center project, which could 
have been an exciting and innovative tower 
project, is that politics overrides. The final 
building will likely have little to do with any 
of the original design or technical inspira-
tions behind the winning scheme. 
 
Extensive site visits to either actual build-
ings or construction sites are not common 
and often difficult to fit within the time and 
financial constraints of most technical 
courses that are typically relegated to sup-
porting roles within the curriculum. Many 
schools are not located close to significant 
buildings or construction projects. Although 
students of architecture and engineering 
should be encouraged to own safety boots 
and a hardhat to make site visits possible, 
many do not. Classes of 70+ students are 
logistically difficult to handle on a construc-
tion site tour as site conditions are often 
dangerous and congested. Noise is also a 
factor, making discussion difficult to hear. 

  
 

Figure 1.   Palazzo dello Sport, Pier Luigi Nervi, under construction 1956 and complete (image taken 2005). 
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Additionally, most published images of no-
table buildings focus on the completed work 
and fail to document the construction proc-
ess. This is particularly true of historic ex-
amples. Even current projects that tend to 
have more images available as a result of 
Monograph, periodical and internet based 
publication (legitimate and independent 
“blogs”), continue to fail in searches for con-
struction images. If the particular project is 
not showcasing a highly expressed or ex-
posed structural or cladding system, teach-
ing and learning must rely on educated 
guesswork.  
 
This tendency may be changing in light of 
more widespread adoption of BIM (Building 
Information Modeling) on high profile pro-
jects. Daniel Libeskind’s Denver Art Mu-
seum has come in on time and on budget 
as a result of extensive use of computer 
modeling and integrated consultant efforts. 
Such success on a high profile project has 
resulted in a proliferation of interesting 
technical information.3 This was also evi-
dent in publications on the Disney Concert 
Hall by Frank Gehry. Frenetic steel has a 
tendency to be more widely photographed. 
A movie of the construction of the Disney 
Concert Hall was made. Personal sites 
about more controversial buildings, such as 
those by firms such as Gehry and 
Libeskind, are beginning to proliferate. 
When researching projects for lectures, 
such passionate interests can yield valuable 
resources and construction progress im-
ages. Such a site can be found for Gehry’s 
Disney Concert Hall, which includes an ex-

tensive site of exposed steel framing im-
ages as well as installation of the complex 
cladding system.4 
 
Construction Sites as Impermanent 
Resources 

Construction projects are themselves ever 
changing and “impermanent”. Architectural 
historian William Dendy, published a book in 
1978 entitled “Lost Toronto”. Its purpose 
was to document the many historic buildings 
that formed the foundation of the City of To-
ronto, that were demolished to make way 
for modern progress. Such photographic 
documentation provides the primary mem-
ory for preserving the time and place of 
building, once the people and their physical 
remembrances are gone. Completed build-
ings are not the only architectural artifacts 
that are evidence of the design and culture 
of a city. So too can be the construction 
sites, as they exist as indicators of the spirit, 
vitality or simple growth of any period. As 
with any temporal event, effort is required to 
make multiple and sequential visits to con-
struction sites in order to both document 
and experience the phases of the project. 
 
The increasing use of “webcams” to track 
construction progress of significant buildings 
is evidence on a growing cultural interest in 
the construction process as a significant 
event or state. Webcams can be found on 
many current projects and can be a source 
of sequential construction images, although 
somewhat lacking in enlargeable detail.5 
 

 
 

Figure 2.   The ROM Webcam: December 2004, December 2005, May 2006 2 



196 Building Technology Educators’ Symposium August 2006 Proceedings  
 

Architecturally Exposed Structural Steel 
(AESS) and some heavy timber framing 
provide a permanent viewing and learning 
opportunity for students of Architecture and 
Engineering. The connections are highly 
visible, often exquisitely detailed, and ex-
tend the basic principles of connections 
from the rudimentary to the creative. In the 
case of AESS applications, much of the 
construction and erection process can be 
imagined by an “educated mind”, given its 
permanently exposed state. In the case of 
structural steel or timber construction that is 
to be clad, this is no longer the case. The 
construction process becomes a temporal 
event. Not only is examination of the struc-
ture, materiality of the building and connec-
tions permanently concealed from view, but 
in many cases, once gypsum board is in-
stalled, even the idea or rationale behind 
the structural system is no longer evident. In 
some instances it is not possible to discern 
whether a steel or concrete frame system 
has been used. 
 
The Limitations of Textbooks 

Available building construction textbooks 
(Allen, Ching, et al) tend to focus on prepar-
ing students to design and detail relatively 
standard buildings with typical details. By 
virtue of the need to address all materials, 

and appeal to a wide geographic audience, 
textbooks on building construction also tend 
to sidestep various climatic, building enve-
lope and thermal issues. Texts might pro-
vide a good base for subsequent develop-
ment with respect to structural systems, but 
limiting use does compromise effective 
teaching of cladding systems as thermal 
insulation and moisture approaches vary so 
much with climate and geographic location. 
 
With such a vast field of investigation and 
the potential complexity required via the ad-
dition of some contemporary buildings, this 
deference to standardized detailing is not 
surprising. Students, however, tend to de-
sign few buildings that can rely on the typi-
cal level of detailing that is addressed in 
most textbooks. If building construction and 
technology courses are intended to prepare 
students to handle more complex architec-
tural design projects, constructed in a wide 
range of geographic and environmental lo-
cations, such as those in the Comprehen-
sive Building Design Studio, they need to be 
exposed to a higher level of detailing, cou-
pled with climatic responsive design stan-
dards and real building references. Supple-
mentary case studies are essential to ad-
dress local climate, building code and detail-
ing issues. 

 
 

Figure 3.   ROM steel under construction and the rendering of the completed building.6 The steel will be, for the most 
part, concealed beneath gypsum board. 
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The steel teaching aid pictured above is in-
tended to expose students to full scale 
mock-ups of the full range of standard steel 
connections. Such devices are helpful in 
assisting students in the understanding of 
the scale of real building materials. It does 
take significant academic extension and ex-
ploration to adapt the same technical details 
to Libeskind and Gehry-like connections. 
Relating standard textbook information to 
more complex real projects is critical in em-
powering students to develop such exper-
tise within their own design tools. An ele-
ment of a construction case study can focus 
on issues like the design and generation of 
connections and details, showing how they 
simultaneously are similar to the text details, 
and how they vary or modify the status-quo 
to achieve particular project requirements. 
 

The tubular connection below can be seen 
to be similar to the diagram, yet modified to 
incorporate round tubular members rather 
than WF sections. Discussion can be 
enlarged to address issues of transporta-
tion, limitations of geometry, numbers of 
connections to be made on each assembled 
piece, and potential (and real) difficulties 
arising during construction. 
 
A study of the actual erection sequence on 
such projects is capable of providing a 
greater insight into the issues associated 
with transportation, staging, erection and 
accuracy of fit, than would be the case for 
more standard construction that would have 
less demanding geometrical complications. 
Such was the case for the installation of a 
large truss at the Leslie Dan School of 
Pharmacy in Toronto. A 50 tonne full storey 

 
 

Figure 4 (left) and Figure 5 (right).   Excerpt from Francis Ching’s “Building Construction Illustrated”.7, CISC Member 
donated Teaching Aid installation at the University of Alberta 

 

   

 

Figure 6 (left) and Figures 7 & 8 (center and right).  Double Detail from Ching of a type of tube to WF connection; De-
tail of tube to tube connection with plate on the Leslie Dan School of Pharmacy by Norman Foster; Crane lifting pod 
segment for placement 
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truss was erected at the fifth floor level of 
the building, atop a leggy concrete atrium. 
The truss was ultimately used to suspend a 
“pod – classroom” within the atrium space 
below. The truss required precision align-
ment in a vertical slip joint at one end, a 
beam connection at one-third down the 
length, and alignment atop a column at the 
end point. Complex structures require great 
precision in fabrication, erection and align-
ment, as well as skilled ironworkers working 
at some risk to install large steel pieces. 
The study of such processes can highlight 
to the students the need for accuracy and 
constructability of details and connections. 
Students often have the mistaken impres-
sion that connections have a good deal of 
“play” in their fit – when the opposite is ac-
tually the case. Lack of precision can com-
pound dimensional discrepancies that can 
ultimately mean unnecessary refitting of 
elements on site. Or in the worst instance, 
complete replacement parts that require 
special re-fabrication that cause construc-
tion delays. 
 
Although I have been using Edward Allen’s 
“Fundamentals of Building Construction” as 
my course text since I saw it introduced at 
the very first ACSA Technology Conference 
in the early 1980s, it is necessary to take 
students beyond the basics of connections, 
as addressed in this and numerous other 
building construction source texts, and ex-

pose them to the potential “play” that lies in 
detailing. If you comprehend the basics, the 
fun lies in really detailing the structure.  
Case studies are an excellent way to tie ba-
sic construction teaching to an elevated 
presentation of architectural design. Real 
buildings can show students how to take the 
principle ideas of connections and begin to 
create expression in their structures and 
buildings. 
 
Cultivating a Culture of Project 
Documentation 

It is essential, therefore, to cultivate a cul-
ture of project documentation that strives to 
create a permanent record of the construc-
tion process for a wide and ever growing 
range of buildings. It is only through this 
type of imagery, that students will be able to 
“see”, and subsequently “learn” about the 
technical realities and potentialities of mate-
rial choices throughout the design and con-
struction process. If construction is not 
documented, this part of the history of archi-
tecture is forever lost. 
 
For the interest of architectural educators 
such documentation needs to be stored in 
or through an accessible place or medium 
or database. Such material is not likely to 
attract hard copy investors. Runs of archi-
tectural books tend to be limited and as a 
consequence, very expensive. 

 

  
 

Figure 10.  Leslie Dan School of Pharmacy, University of Toronto, Norman Foster – erection of a 50 tonne steel 
truss at the fifth floor level. 
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One of the great benefits in the creation of 
an interested network of Building Technol-
ogy Educators – and one that might derive 
some inspiration from the Society of Build-
ing Science Educators8 – is the basic notion 
that teaching resources are best if shared. 
One of the limiting factors to the collection 
of case study information lies in “access” to 
pertinent buildings and projects. We as a 
group, can create a network of resources to 
enable education that can step outside and 
augment our local examples. They may be 
“someone else’s images”, but they may 
have better technological and construction 
information than can otherwise be found. 
The use of the internet can be seen as a 
critical forum for information sharing and 
publication. In the spirit of SBSE, I maintain 
a very large database of images, including 
both finished and construction shots that are 
freely available to other educators.9 
 
Do you own a hardhat and safety 
boots? And a camera?... 

This is not a rhetorical question. Having 
taught building technology for over 20 
years, and attended countless conferences 
and site tours, it is not uncommon to see 
more cameras at a wedding, than in the 
hands of architectural professors on a site 
tour. If these professors are not taking pho-
tographs, then they may not be visibly in-
corporating their own experiences of con-
struction and architecture into their lectures; 

i.e. relying on the “classic” finished images 
available in texts and Google10. If those of 
us who teach construction technology to 
future architects, are not interested enough 
in finding out more about how more com-
plex buildings are constructed, then who 
can we count on to gather and document 
this essential information? With digital pho-
tography, even contractors are more thor-
oughly documenting the construction proc-
ess. These images, however, are not taken 
for publication purposes and may not nec-
essarily focus on issues that are of interest 
to those of us in education. Documentation 
must be elevated to “photography” in order 
to engage students who tend to be a highly 
critical and easily bored audience. 
 
Additionally, the inclusion of video footage, 
can increase the information and interactiv-
ity of the lecture material. Real time footage 
of steel erection processes, for instance, 
gives students a better understanding of the 
strategy, cooperation, time and “weight” in-
volved. Video clips can also stress sequenc-
ing and access issues, as well as explain 
the range of construction aids that is neces-
sary. Staging areas on the site for materials 
delivery, site access and crane operation, 
are all important to enabling an effective 
construction process. 
 
Dissecting Case Studies 

Since beginning to create and teach 
courses in building construction in the mid-

 

   
 

Figure 11.  BCE Place, construction and finished images. Excerpted from SSEF Case Studies CD-ROM Volume 1 
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1980s, I have actively been collecting im-
ages for use in my lectures. Initial time and 
budget constraints created a reliance on the 
“images from books” that can be problem-
atic. Time has allowed many of these to be 
replaced in whole or in part with images of 
personal experiences of buildings and con-
struction. 
 
In 1995 I attended the first meeting of the 
Steel Structures Education Foundation, and 
viewed a presentation by Wayne Baigent 
who was the steel fabricator involved with 
the construction of the BCE Place Galleria 
designed by Santiago Calatrava. When the 
SSEF queried the educators present to re-
spond to the presentation, the opinion was 
unanimous that all wanted access to the 
fabrication and erection process images. 
This has led to the creation of three educa-
tional CD-ROMs, funded by SSEF, that fo-
cus on the fabrication and construction of 
significant steel buildings.  
 
The first CD looked at the construction of 
Caltrava’s Galleria in Toronto, as well as the 
Vancouver International Airport by Architec-
tura. The photographic data used for these 
projects was based upon construction im-
ages taken by the fabricators and erectors, 
with supplementary finished stills and video 
clips by myself during site visits. The sec-
ond CD (due for release in Fall 2006) exam-
ined the Vancouver Skytrain Stations. Again 
the construction photographs were supplied 
by the steel fabricators and erectors, with 
supplementary finished stills and video clips 
taken by myself. All of these projects used 
Architecturally Exposed Structural Steel, 
and limited exposed heavy timber framing. 
Detailing was still very evident even after 
the buildings were complete. 
 
The current CD-ROM project, “Stars + 
Steel”, highlights the construction of three 
recent/ongoing Toronto projects whose use 
of AESS is extremely limited. The Addition 
to the Ontario College of Art and Design by 
Will Alsop, The Leslie Dan School of Phar-
macy by Sir Norman Foster, and the Addi-
tion to the Royal Ontario Museum by Studio 

Libeskind primarily use non-exposed struc-
tural steel systems. Each of these projects 
exhibits extremely innovative steel framing 
systems and construction techniques to 
erect the steel. In all cases, the majority of 
the steel will be clad in a fire protective sys-
tem that forever hides it from view. The mis-
sion of this CD-ROM raises the notion of 
case study “documentation” to the point of 
preserving the vitality and “knowledge of” 
the steel structure, and its construction, be-
fore it is forever hidden and essentially lost. 
Although quite dissimilar from the demolition 
that was causal to “Lost Toronto”, the effect 
is quite similar. The vitality of the construc-
tion and the understanding of the steel 
structure and its erection process vanishes 
forever once the construction is complete. 
There is a greater sense of urgency to cap-
ture these projects as case studies, than 
projects whose making is less concealed. 
 
The above images were taken by the con-
structor of the process of raising 90’ tall 
steel legs in place to support a building. Site 
access was limited due to the narrow sur-
rounding streets. As an “event” it must have 
been exhilarating to watch. After the fact, 
supposition of the erection process is not 
clear. 
 
The focus of this paper/ discussion/ brain-
storming session intends to look at the de-
velopment and subsequent sharing of con-
struction case studies.  
 
Ingredients of an Effective Con-
struction Case Study 

Thorough case studies are not easily found. 
The majority of glossy publications normally 
include only images of the recently finished 
building, and rarely any construction images 
or connection details. If in the final instance, 
the structure has been left exposed, such 
finished images can be useful when dis-
cussing the building. In the case of con-
cealed structure, finished images give no 
useful information with which to address 
construction and detail related concerns. 
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The type of structural material or system 
might not even be readily apparent. 
 
 
Creating good case studies “from scratch”  
that can address the wide range of issues 
related to the teaching of structural design 
from an architectural viewpoint, requires not 
only dedication, but also “being in the right 
place at the right time”. Access to construc-
tion sites is not always available, nor neces-
sarily, is the time to make repeated visits to 
obtain sequence shots. Student field trips 
are difficult to arrange (although excellent 
opportunities for learning), and rely on a 
certain degree of serendipity – hence giving 
students in subsequent years an uneven 
chance of touring through a “good” building. 
Although constructors are required to 
document the construction process, these 
images are in many cases taken for legal 
protection, and most constructors are not 
willing to share or publicly distribute their 
images for the same reasons. Fabricators 
can also be guarded due to production “se-
crets” (particularly in the case of challenging 
and highly competitive AESS work) – or 
simply don’t take an interest in documenting 
the process. 
 
For a case study to be truly useful, it must 
come close to addressing the entire design 
and construction process. In this way, as an 
educational tool, it can be used to bridge the 
gaps that currently exist between teaching 
areas in most schools of architecture. A 
thorough case study requires: 
 

• knowledge of the design intentions 
of the architect 

• why was this structural or cladding 
system chosen? 

• access to design sketches, models, 
computer renderings 

• detail drawings that show the rela-
tionship between the structure and 
the skin 

• connection development from an 
engineer’s or fabricator’s viewpoint 

• fabrication images 
• transportation images 
• erection sequence images 
• video footage, if possible, that can 

explain the actual erection process 
• completed images 

 
The final case study must be presented or 
available in a form that can be easily 
adapted to the specific course with respect 
to style of teaching/learning, amount of time 
available to address issues and the experi-
ence level of the students. Usefulness also 
unfortunately is dependent upon the tech-
nologies available at varying schools: from 
slide projectors, to DVD, to PowerpointTM or 
video. Based upon conversations with pro-
fessors of architecture, the least easily used 
format seems to be video, particularly if the 
run time exceeds the amount of time avail-
able. The most useful formats would be sets 
of digital images or slides, if accompanied 
by a “script or narrative” that explains the 
project, and CD-ROM or DVD format pres-
entations that allow the instructor to select 
portions of a case study for use if time or 

 

    
 

Figure 12: Erection sequence for HSS legs on OCAD project. Photos: PCL Construction. 
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subject area does not permit the inclusion of 
the full case study. Image based data that 
can be accessed via the internet for either 
download or direct use is helpful as it in-
creases the ease and immediacy of access. 
With every case study presentation, the “a-
ha!” factor is important. There needs to be 
some key, unusual, value adding informa-
tion that is not otherwise, or easily available. 
Anecdotal information is always helpful. 
This is usually only obtained through per-
sonal interaction with the people and pro-
ject/site itself. 
 
Other questions to be asked when prepar-
ing a construction case study: 
 
1. What are the necessary attributes that 

elevates a building to warrant documen-
tation? 

2. Are there different types of case stud-
ies? 

3. Primary ingredients/checklist for this 
case study to include? 

4. Types of documentation: drawings, pho-
tographs and video. 

5. How much material is enough? Do all 
require equal development? 

6. Involving students in documentation. 
7. Exploring the use of multimedia. 
8. Next steps – are we doing enough with 

case studies? 
9. How to maximize the learning potential 

of materials. 
10. Logistical difficulties: site access, legal 

issues. 
 
The Nodding Off Factor Revisited 

In the end sleep deprivation can and will 
govern, and all efforts of instructors to pro-
vide a meaningful, interactive presentation 
based upon unique personal experiences, 
images and video footage will still fail. But 
ultimately, through the fog, students will re-
alize that they missed something important 
– something that cannot be caught up after 
class or through reference to the notes of 
“others”. 
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1 The Swiss Re building was sealed in April 
2005 after a window fell out of its frame and 
crashed to the ground. Wembley Stadium is 
behind schedule due to strikes. GLA has 
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27583&format_id=XML 
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Introduction 
 
We are all familiar with the main issues that 
haunt structures courses in architecture 
schools: 
• students struggle to understand statics 

and with applying mathematical 
procedures to solve structural problems; 

• there is inadequate time to teach 
statically indeterminate structures and 
other systems that are a bit more 
complex than simple beams and 
columns; 

• there is a perceived separation between 
design disciplines and structures 
courses. 

 
The design studio is normally the focus of 
architecture students, and structural design 
is seen as something so different 
conceptually, that it is left out of their design 
process altogether. As Richard Bender put 
it:  “The classical sequence of presenting 
statics, strength of materials, analysis and 
'design' may represent a logical progression 
of information. However, divorced as it 
usually is from involvement with the total 
process of design, this sequence has 
resulted in architectural graduates who have 
no understanding of the basic principles 
involved, cannot apply them, nor retain for a 
significant period after graduation the basic 
core of material encountered.”1 
One way to make structural systems part of 
the "intuitive" design vocabulary of 
architecture students is to remove 
structures from the abstract realm of 
mathematics and bring it into the context of 
building design2. 

Like in any design field, structural design is 
not a precise science: instead, it is an art 
that requires initial assumptions based on 
experience. Students should understand 
that decisions on the structural system often 
have to go through several iterations before 
a precise solution if finalized. There are 
similarities and differences with the 
architectural design methodology, but there 
is a strong interrelationship with the building 
design process in terms of selection and 
configuration, and certainly in the 
architectural use of structures. The initial 
steps of structural design go hand in hand 
with architectural decisions, and they are 
the most interesting and potentially creative.  
There are two approaches to bring this 
structural creativity into the studio: one is to 
make structural design an integral part of 
the studio problem statement. The second, 
which is equally important, is to introduce a 
degree of "realism" into the structures 
courses by teaching around a building 
design project. The "structures project" has 
some resemblance to Edward Allen's 
"second studio" idea3, with emphasis on 
system selection and configuration, but also 
on the understanding of structural materials, 
connections and member sizes. The 
understanding of the structural behavior of 
systems, which is obviously important for 
system selection purposes, can be 
significantly facilitated by the use of 
structural analysis software, allowing the 
students to understand the behavior of 
complex systems and test alternative 
configurations in order to refine their design 
solution.  
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The structures project: emphasis 
on integrated design 
 
Since 2001, the "structures project" has 
been a feature of the structural design 
sequence I have been teaching, covering 
steel, wood, and concrete systems. It is now 
part of the fourth year structures course, in 
a revised curriculum, which includes 
concrete, wood and masonry.  
In the structures project, students are asked 
first to configure a system in the context of a 
basic architectural brief. Then each primary 
element of the system is analyzed, 
members are sized and connections 
designed. Typically the brief requires the 
structure to be exposed, so that member 
shapes and connections became 
architectural design problems. Over the 
years, the structural systems designed have 
been mainly steel and wood long span, and 
steel and concrete multistory frames (Fig. 
1). In both cases the system can be 
statically determinate or indeterminate. In 
the steel structures course, both long span 
and multistory frames were statically 
determinate; in the following course the 
project work has included a concrete rigid 
frame, providing the opportunity for 
comparisons with a steel system. The 
introduction of statically indeterminate 
systems has been the major innovation in 
the course content (versus methodology), 
and it has been made possible by the use of 
engineering software.  
This approach addresses one of the 
somewhat surprising student attitudes: the 
idea that in a structures course they are not 
designers any longer, but only formula 
solvers. There is a frame of mind in the 
student sitting in front of his/her structures 
assignment (which would deserve some 
psychological attention), that makes the 
students forget how to draw and design, or 
think that, because it's not studio work, their 
drawings can be sloppy.  It has been a 
constant effort in my course to make the 
students sketch (Fig. 2) as they think about 
the structural problem, versus jumping 
straight into the formulas. Students are also 

asked to submit structural drawings with the 
same graphic quality (and probably more 
precision) that they would adopt for a studio 
project. 
Having the type of system as a given (e.g. a 
concrete braced frame), there are two  
 

 

 

Figure 1. Types of structures project: long span system 
and multistory frame 

 

 

 

Figure 2. Preliminary sketches for selection and 
configuration of a long span system 
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things students are asked to address as 
they first approach the design of a structural 
system: the configuration and the 
construction. Both have to do with loads and 
with the understanding of how loads are 
transferred to other structural members as 
they travel down to the foundations.  
Loads seem to be one of the hardest things 
for students to figure out, but is this also one 
of the most important aspects of structural 
design: statics calculations can be perfect, 
but if the loads are wrong the results will be 
wrong. Making decisions about construction 
and sketching a wall or roof section helps 
the students to understand how loads are 
supported, and allows them to relate better 
to building technology and architectural 
design (Fig. 3). One could say that an 
understanding of structural design is not 
complete when divorced from knowledge 
concerning materials and methods of 
construction4. 
 
The design process for the projects is 
paralleled by the introduction of related 
topics in the lecture course. In the case of a 

steel long span system, for instance, the 
first members to be designed are the roof 
joists, so the course deals at that point with 
simple bending members. The design and 
the course material then proceed with the 
design of beams, columns, tension 
members (suspension or bracing), and 
finally connections (welds, pins, bolts,  
 

 

 

Figure 4. Steel frame configuration and construction 
detail 

 
plates) (Fig. 4). As mentioned before, the 
students are asked to look at the details of 
the structure as aspects of architectural 
design, and therefore the solutions must be 
elegant and well presented. 
The design of a steel staircase is one of the 
opportunities to engage in some 
structural/architectural details (Fig. 5). It is 
probably the first time students are made to 
think about the components of a staircase 
as structural systems: the stringers, the  
 

 

Figure 3. Preliminary sketches for load calculations: 
long span frame 
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treads, the railings, and the mountings, 
each subject to code requirements. 
 
Structural analysis software: 
emphasis on "systems" 
 
In the current upper level course (ARCH 
418 Structural Systems 3), the concrete 
frame project is a way to introduce statically 
indeterminate systems (Fig. 6). Using a 
design project to discuss this topic helps the 
students to ground it into something 
concrete (pun unintended). The behavior of 
rigid frames is explained visually with a 
series of Multiframe5 workshops, starting 
with simple systems like portal frames and 
continuous beams.  The first two or three 
weeks of the project are spent configuring 
the system, calculating the loads on the 
beams, and analyzing the frame to obtain 
the moment and shear diagrams with 
alternate loads (Fig. 7).  
Students then, as in the projects described 
before, design the main structural members 
(beams, columns, footings, and others) 
including the steel reinforcement. One of the 
primary issues is to make students 
understand the concept of continuity of the 
frame, reflected in the way the steel bars 
are placed at the columns (Fig. 8).    

 
 

                

Figure 5. Steel staircase design and detail of railing 

 

 

Figure 6. Configuration of concrete frame: integration of 
circulation, stairs and ductwork in plan and section 
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The design of the shear walls is one of the 
major issues in terms of integrated design, 
and inevitably revisions of the floor plan are 
necessary at that point (Fig. 9). The design 
method for the shear walls is kept simple 
and does not require the use of the 
computer, but it is an opportunity to discuss 
the frame behavior under lateral loads 
without shear walls, which can be easily 
done with Multiframe. 
There seems to be some degree of 
consensus that the main objective of 
structures courses should be the 
understanding of structural behavior. A 
1995 survey6 indicated that the two primary 
objectives of structures courses were the 
qualitative and intuitive understanding of the 
behavior of building systems, and the 
quantitative (mathematically based) analysis 
skills. 

 
 

 

Figure 9. Revisions on the floor plan due to location 
and sizing of shear walls 

 

Figure 7. Moment diagrams for full live loads and 
alternate live loads on beams 

 

                

Figure 8. Detail of concrete beam design and 
corresponding detail of M diagram envelope: beam 
depth is changed according to M change to 
accommodate HVAC ducts 
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Computer analysis is used in the course to 
teach about other systems, such as arches 
and domes, in addition to suspension 
systems. For a steel system, the software 
has the ability to calculate and visualize the 
deflections, offering an additional tool to 
study the optimal configuration and 
combination of member sizes (Fig. 10). The 
students can also understand how the 
deflections of the long span beams in a 
suspension system depend on the behavior 
of the entire system, including the deflection 
of the columns and the elongation of the 
suspension rods. This type of holistic view 
of the system would be very problematic for 
students if approached with the traditional 
tools and methods. 
 

 

Figure 10. Tests of alternative configurations with the 
same load using the M diagram 
Deflection diagram of long span steel system 

One of the possible criticisms of using 
computer software to solve problems of 
statics is the "black box syndrome": the 
computer analysis produces results the 
students have to use blindly, without 
understanding how they are worked out. In 
order to accept the computer as a valid 
pedagogical tool, we first must ensure that 
the students are introduced to statics and 
have a basic understanding of internal 
forces and deflections. After all, we accept 
similar methodologies in studio: 
perspectives, for instance, are today 
generated by computer (and are much more 
sophisticated than what students could do 
by hand). This is acceptable because the 
students are first taught the principles and 
methods of perspective drawing. In fact we 
understand three-dimensional digital 
modeling as a different, more potent tool 
than conventional perspectives to 
investigate complex issues like light and 
movement in space. Similarly, computer 
modeling of structural systems can be a 
heuristic device to test ideas that could have 
hardly been understandable by an 
undergraduate architecture student before. 
The way students (and I'd say 
professionals) calculate structures is, after 
all, full of "black boxes": from deflection 
diagrams to code formulas for which we rely 
on ACI, AISC, AITC, and other professional 
institutions. We can accept these "black 
boxes" in our design process because we 
understand the principles that lay behind, 
and know when those formulas are 
applicable. In an architecture course, 
students can use structural software to go a 
step further. The use of the software is not 
just to produce design solutions, but to 
understand more - and with less effort - 
about structural systems and the structural 
design process.    
 
Conclusions 
 
Of the three innovations introduced in our 
structures courses, two are about method - 
the project and the computer analysis - and 
one is about content - statically 
indeterminate systems. The methodology 
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has allowed to enrich the course content 
and to reach the two primary objectives: 
 
1) enable the students to see structures as 

part of the design disciplines, and part of 
the architectural design process;  

2) enable the students to learn about 
complex structures previously 
considered  to be beyond their ability 
but, at the same time, very common in 
practice (such as rigid frames). 

 
Before I introduced the use of computer 
analysis, we had four structural design 
courses, and there was not even the 
mention of statically indeterminate systems. 
Students would graduate without any 
conceptual understanding of rigid frames or 
continuous beams. Now we have reduced 
the structures sequence to three courses, 
and yet students are able to discuss a 
multistory concrete frame and even design 
the structural details.  
 
Not all calculations are done by the 
computer: students are asked to go through 
the sizing procedures the traditional way 
(code formulas, pocket calculators, pen and 
paper). However, the most complex statics 
calculations are relegated to machines, as 
Leibniz was trying to do by inventing a 
mechanical calculator in the seventeenth 
century7. Because the course is not really 
about statics but about design of structural 
systems, students can focus on the 
understanding of principles and processes 
of structural design. This helps the students 
to see the mathematical calculations not as 
an end to themselves but a design tool.  
This experimentation is addressing a 
number of pedagogical issues and leaves 
some open questions: 
 

• The attempt to reach the studio 
from the Structural Systems course 
should be mirrored by the same 
effort in studio so that, at least at 
some points, the two courses can 
hold hands together. The problem, 
however, is that in a fourth-year 
studio the architectural design work 

is likely to require very complex 
structural solutions; in addition, it is 
practically impossible for one 
structures instructor to follow the 
individual work of six or seven 
different studio sections with a total 
of over eighty students. 

 
• There should be a more systematic 

exploration of engineering software 
and its appropriateness for the 
classroom, eventually resulting in 
writing structural software packets 
for educational use; the 
applications should not be limited to 
statics8 but could also deal with 
databases, graphic representation, 
and integration with architectural 
CADD software. 

 
 
• We should eventually find a way to 

assess the integration of structural 
knowledge and architectural design 
in the studio work of the same or 
following semester.  

 
In my experience, the teaching of structures 
as a design discipline can be eventually 
more effective than teaching technology in a 
studio, with technology "support" courses. A 
structural design course using design 
projects can provide the necessary degree 
of "rigor and depth required for effective 
integration [of technology in the design 
process]"9. At the same time, the design 
studio is an excellent teaching method to 
follow, because it works based on the 
principle that students truly understand only 
what they discover for themselves10. The 
same discovery approach could be used in 
teaching structures; the reason this does 
not happen in conventional courses is 
because of the mathematical complexity of 
structural analysis once we go beyond the 
most basic systems. The software 
effectively allows using an empirical method 
to explore structural behavior, by testing 
alternative configurations and comparing 
force diagrams and deflections. It is easy to 
demonstrate how in statically indeterminate 
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systems the relative rigidity of members 
alters the distribution of internal forces.  This 
approach is similar to testing physical 
models, which can give a measure of the 
stability of a certain configuration or of their 
strength as visualized by deformations. 
However, computer modeling gives much 
more information with much less demand on 
time and resources compared to physical 
models. 
Both the project and the use of Multiframe 
have been extremely well received by 
students, as evidenced by evaluations 

during the course (with specifically targeted 
questions) as well as the semester-end 
evaluations, and this can be a first (but only 
partial) measure of effectiveness. The 
results of this methodology can be 
summarized by paraphrasing the famous 
sentence by Mies van der Rohe: "less is 
more," or less time can be devoted to toil on 
statics and calculations, while the students 
acquire more knowledge about structural 
design and more understanding of how it is 
relevant to architecture. 

  

Notes: 

1 Quoted by R. Gary Black and Stephen Duff in: “A 
model for teaching structures: finite element analysis 
in architectural education.” 1994: Journal of 
Architectural Education, Vol. 48 No. 1, 38. 
 
2 This topic has been amply discussed by James 
Ambrose, Teaching Structures. 1994: New York, 
distributed by Wiley (unpublished manuscript). 
 
3 Edward Allen. "Second Studio: A Model for 
Technical Teaching." Journal of Architectural 
Education, Vol. 51 No. 2 (November 1997). See also 
Ryan Smith in note (4). 
 
4 This is paraphrasing a statement by Ryan E. Smith 
in his article "Bridging Structures, Construction and  
Studio" in Connector, Vol. XIII No. 1 (Spring 2004). 
The objective of the technology course described in 
this article is to make students discover the logic of 
space organization intrinsic to a construction system, 
reversing the common design process, which goes 
from space requirements to construction system. 
 
5 S.B. Haley, P.E. “Graphic magic’s Multiframe 2D & 
3D.” In Modern Steel Construction, May 1992, p. 14. 
The decision on this application was actually based 
on a presentation by Spiro Pollalis from Harvard 
University at the ACSA Annual Meeting, 1992 and on 
a personal conversation with him. 
 
6 Faoro, Daniel. “ACSA Structures Curriculum 
survey.”1994: North Dakota State University  
(unpublished). Results indicated that the two primary 
objectives of structures courses were the qualitative  
 

 
 
 
 
and intuitive understanding of the behavior of building 
systems, and the quantitative (mathematically based)  
analysis skills (Question 11). Question 13a was a 
review of software specific to structures courses. 
 
7 "For it is unworthy of excellent men to lose hours like 
slaves in the labor of calculations which could be 
safely relegated to anyone else if machines were 
used." 
 
Gottfried W. Leibniz, De Progressione Dyadica, Pars 
I, (MS, 15 March 1679), published in facsimile (with 
German translation) in Erich Hochstetter and 
Hermann-Josef Greve, eds., Herrn von Leibniz’ 
Rechnung mit Null und Einz (Berlin: Siemens 
Aktiengesellschaft, 1966), pp. 46-47. English 
translation by Verena Huber-Dyson, 1995. An 
interesting discussion of this idea by George B. Dyson 
can be found at The Reality Club, www.edge.org. 

8 The use of computers can go beyond statics and 
include a database of systems and methods. See for 
instance Vassigh, Shahin. “Teaching Structures with 
Computer-based Media.” In Connector, Vol. IX No. 2 
(Fall 2000), 8-9. 
 
9 G. Goetz Schierle. "The Pedagogy of Architectural 
Technology," in Journal of Architectural Education, 
Vol. 51 No. 2 (November 1997). This is effectively 
Allen's opinion  when he states the need of a separate 
"technology studio" (note 3).  
 
10 Bowser, Wayland. “Reforming design education.” 
Journal of Architectural Education, Vol. 37 No. 2, 12. 
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A Different Kind of Structures Problem 
Robert J. Dermody 
Roger Williams University 
  

Introduction 

Structures courses in many architecture 
programs have long relied on analytical, 
calculation based problem sets as their 
primary pedagogy.  However, this approach 
is both unrealistic and does a disservice to 
students.  Abstract problem sets do not 
accurately represent the limited role that 
calculations play in developing efficient, 
exciting forms for building structures.  They 
also incorrectly reinforce the notion that 
structural design is all about number 
crunching.  Students, who are challenged in 
studio courses to create beautiful spaces in 
response to practical programs on real 
sites, are often forced to manipulate select 
formulae for abstract examples in structures 
class.  In an effort to refocus the content of 
structures courses on form finding, students 
are challenged with Structural Design 
Exercises. These active learning exercises 
require students to “design” a small building 
on a local site.  “Design” solutions in this 
case include both architectural drawings 
and the corresponding structural 
calculations.  It is evident by students’ 
thoughtful questions and successful 
presentations that teaching structures as 
design by using structural design exercises 
has many benefits.  This paper will explain 
the structural design exercises and describe 
both experiences administering these 
assignments and students’ experiences 
completing them.  Typical questions asked 
by students and some of the challenges 
they encounter will also be discussed.   

Background 

An informal review of structures courses 
offered in architecture programs across the  

 

U.S. reveals that many schools require 
between 2 and 4 “structures” courses.  The 
most common topics covered include 
statics, strength of materials, wood, steel 
and concrete1.  When a curriculum is 
organized in this fashion it is quite common 
to rely on traditional textbooks (often 
engineering) and “problem set” style 
homework assignments as the main 
pedagogy.  However, calculations such as 
the sizing of discrete structural members 
play hardly any role in determining the form 
of a building structure.  The architect’s role 
in structural design occurs early in the 
process during schematic and design 
development phases.  In fact, any required 
calculations are typically done by the 
structural engineering consultant, and they 
are performed after the primary design 
phases, during construction document 
preparation.  Therefore, teaching 
architecture students how to select and 
configure structural systems would more 
closely mimic real world design processes 
and could potentially improve their studio 
design projects. While the underlying theory 
of mechanics and basic calculation 
techniques are quite useful, it is never too 
early to teach structural concepts within the 
context of design.  This is especially 
important in the advanced courses of wood, 
steel, and concrete design.    One of the 
challenges of any structures course is to 
relate it to the rest of the curriculum, most 
obviously, design studio.. By treating 
structures as design, architecture students 
will gain a better appreciation of the 
implications of spatial design on the 
corresponding structural system 
requirements.   
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The Problem with Problem Sets 

The main drawback to traditional problem 
set style homework assignments is their 
abstract nature.  Problems from the back of 
a textbook chapter tend to narrowly focus 
on only one specific aspect of structural 
calculations at a time.  Finding reactions on 
beams, constructing shear and moment 
diagrams, or analyzing trusses are certainly 
useful skills.  However, these types of 
problems are too often performed on 
isolated elements devoid of any 
architectural or structural context. Also, the 
analysis of discrete members is limited to 
one specific, arbitrary loading condition. 
When the loading information is given in a 
problem statement, a very important 
analytical step is already done, and the 
effect of structural configuration on tributary 
areas and load paths is missed.  This is 
another major shortcoming of repetitive 
problem sets. as an investigation of loads 
and loading conditions is fundamental to 
any structural design problem.  Careful 
modeling of the loads and a clear 
understanding of the load paths is crucial.2  
A critical aspect of structural design is the 
interdependent relationship between the 
configuration of structural systems and the 
resulting load paths.  Loading patterns 
directly affect the subsequent selection and 
sizing of members within the system. 
Furthermore, the manipulation of select 
formulae is almost useless in design studio.  
Specific calculation skills learned in 
structures classes are of little use to 
students’ for their studio projects due to the 
vast difference in scales at which students 
work in the two types of classes.  Learning 
to select and configure appropriate 
materials and structural systems to 
accommodate and enhance architectural 
programs is much more valuable to 
architecture students in their studio courses.  
Teaching structures as design is a way to 
bridge this gap between form finding and 
the requisite calculations needed only to 
confirm member sizes.  

A Different Kind of Problem 

Structural design exercises are a dynamic, 
interactive way to teach structures as 
design.  This style of assignment offers 
several advantages over traditional problem 
sets, which are often completed individually.  
The primary benefit of the design exercise 
format is the active learning processes 
these assignments promote. Unlike typical 
homework assignments, the exercises 
emphasize an iterative, integrated design 
process.  Students work in teams of two and 
are required to meet often with the instructor 
as they develop their solutions and come up 
with questions.  The problems are done in 
short phases with preliminary due dates of 
partial submissions closely mimicking the 
traditional schematic design, design 
development and construction document 
phases.  Typical assignment durations 
range from 2 to 4 weeks.  The problem 
statements are easily adapted to different 
levels of student or course topic, but seem 
to work best at the advanced levels for the 
typical wood, steel and concrete design 
classes.  Design exercises also provide an 
opportunity for students to use concepts 
they have learned in introductory structures 
courses.3  Design exercises allow students 
to see the relationship between the spatial 
layout of an architectural design and the 
requisite supporting structure. This 
relationship is manifest directly in the 
analysis of the loads and loading patterns 
on the structures.  Using structural design 
exercises recreates a studio style problem 
even in a lecture course setting.  A typical 
structural design exercise problem 
statement begins with a statement of 
objectives as follows: 

To use the concepts from structures 
sequence classes on load tracing, 
tributary areas, allowable stress 
design, deflection, beam design, and 
lateral stability etc., to design a small 
wood frame structure.  

The specific task of the assignment is stated 
as follows: 
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In teams of two, design a 1000SF, 
one-story, wood-framed structure to 
be supported on a  flat, slab-on-grade 
foundation to contain three spaces; a 
small office / information desk, a 
display / seating area, and a restroom.  
Strive to create a building in which 
architecture and structure are blended 
to enhance the program, and inspire 
delight. Roofs may be flat, sloped, 
curved or multi-level. Spaces within 
the building should relate both visually 
and spatially to the framing of the 
structure.  Include lateral stability 
elements, such as shear walls, and/or 
diagonal bracing.  (Be sure to show 
these in plan.) The pavilion must be 
universally accessible and may be 
partially or fully enclosed. 

A detailed list of submittal requirements is 
also provided in the problem statement: 
(figs. 2-4).  

Please submit all work on 11 x 17 
sheets, using as many as needed. 
Computer OR hand drawings are 
acceptable.  All drawings must be 
done to a scale noted on the drawing. 

1. A clear, concise written description 
of your design, and an explanation of 
the structure….1 page max. 

2. Free-hand conceptual sketches. 

3. Two primary elevations. 

4. Basic framing plan, showing 
configuration, size, and orientation of 
all members. 

5. Lateral stability system diagrams; in 
plan and elevation/section. (See 
Allen.) 

6. A critical building cross-section. 

7. Large scale section through “roof” 
structure. 

8. A typical wall section showing 
relationship between enclosure and 
structure. 

9. State load assumptions…. (dead 
load, live load, snow Load, wind load) 

10. Design calculations for typ.  joist. 

11. Design calculations for a typical 
beam and/or girder. 

12. Design calculations for column 
with maximum load; check axial 
comp. stress and slenderness ratio. 

13. 2 or 3 critical details of different 
connections/joints/supports; in plan, 
section, elevation, & (exploded) axon. 

14. Properly cite all references used. 

15. Carefully compose all of the above 
information into a professional 
presentation.  Also, please submit an 
electronic copy on a clearly labeled 
CD.  Keep a copy for your records.   

Most of the class periods during the span of 
the assignment are devoted to in-class 
consultations with the instructor.  These are 
an important part of the structural design 
exercise experience.  Unlike helping 
students solve specific problems from a 
textbook, these meetings are much more 
interactive. They permit quick feedback and 
further engage students in the design 
process.  The “back and forth” discussion 
during consultations closely mimics real 
world design processes.  A note about 
consultations appears in the assignment 
handout: 

Regular consultations/meetings with 
the professor are required as part of 
this assignment.  These meetings are 
to foster development of your project.  
These may occur during class or 
during office hours.  You are expected 
to prepare appropriate documentation 
/ questions  for each class or office 
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meeting.  A minimum of 3 or 4 
consultations is suggested.  Consider 
all aspects of this project as a 
professional design exercise. 

Results and Experiences: 

Students quickly adapt to the more “open-
ended” style of these assignments after a 
short adjustment period.  One of the early 
stumbling blocks for students is to 
understand that they have control over their 
solution to the problem.  It is not governed 
by simple formulae. Since they are used to 
having most, if not all, of the given 
parameters stated in a problem, they often 
have difficulty in stating their own 
assumptions about their structure or loads.  
The first consultation requires a preliminary 
submission of conceptual sketches and site 
analysis documentation. (fig.1) This 
information is usually enough to begin a 
dialogue with the students regarding basic 
structural systems and load paths. 
Subsequent discussions cover the students’ 
assumptions regarding load magnitudes 
and patterns.  A major breakthrough 
typically occurs when students begin to 
analyze the structure needed for their 
conceptual designs.  Most of the major 
revisions occur soon after this point.  
Students quickly realize that they must 
make sense of their architectural designs in 
order to design the corresponding structure. 
It is interesting to note that most students 
begin by sketching how they want the 
building/structure to look without 
differentiating what is the “structure” and 
what is the “architecture”.  The students 
quickly realize the interdependent 
relationship of form and structure.  They 
also see the influence of structural layout on 
member sizing, but as part of the overall 
design process, not as an isolated, abstract 
problem.  Long spans have larger tributary 
areas, which beget larger loads and 
therefore require deeper supporting 
structural members.  Calculations are 
therefore only used at the end of the design 
process to verify the efficiency of their 
layout of the framing system.  Impromptu or 

mini lectures can be given to the whole 
class when appropriate questions arise 
during consultations with individual teams.  
Students’ early questions often concern how 
to progress from their original conceptual 
sketches to selecting and configuring 
appropriate structural system. This is the 
heart of the matter that these problems 
directly address.  It is all about design.  
Later in the project students often have 
questions regarding lateral loads and their 
resisting systems, as this is typically a new 
topic.  However, the students ask because 
they want to know how to stabilize their 
buildings not because they after the answer 
to a specific problem.   The design of a 
small building is an ideal way to present this 
three-dimensional topic.  They also begin to 
ask more specific and thoughtful questions 
as new challenges arise during the project.  
Some students even admit to enjoying 
structures class! 

 
Figure 1.  Conceptual Sketches by Stephanie Dillon 
and Dan Herchenrother, Spring 2006. 
 

 
Figure 2.  Framing plan by Stephanie Dillon and Dan 
Herchenrother, Spring 2006. 
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Figure 3.  Calculations by Stephanie Dillon and Dan 
Herchenrother, Spring 2006. 
 
 
 

 
 
Figure 4.  Axon by Molly Salafia and Josh Roth, 
Spring 2006. 
 
Conclusions: 

Teaching structures as design through 
structural design exercises has proven to be 
a successful way to actively engage 
students in an active learning environment.  
By refocusing structures courses on form 
finding and only using specific structural 
calculations to check and confirm schematic 
designs, architecture students realize the 
role calculations play in the overall design 
process.  It is apparent, after several 
semesters of assigning structural design 
exercises that students gain a better 
understanding of the role that structural 
design can play in creating great 
architecture.   

Notes: 

1. These observations are based on my 
own teaching experiences, informal 
research of architecture program websites, 
as well as through discussions with 
colleagues at various institutions.   
 
2.  For a clear discussion of the importance 
of load paths see: Taly Narendra, 
“Continuous Load Paths.” Structural 
Engineer Nov. 2003: 36-42. 
 
3.  To date, I have only assigned structural 
design exercises to students who have 
already taken statics and strength of 
materials courses.  However, given the 
fruitful discussions with student teams and 
the positive feedback received from 
students during these assignments it is 
evident that teaching structural concepts as 
design should work at introductory levels as 
well.  
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Structural Education in Design Build Studios: 
Questions of Practicality in Student Design Build Projects 
 
Phillip Gallegos 
University of Colorado 

 
Pedagogical Context 

“Science and technology may change fast 
enough for the media, but built architecture 
and urbanism are typically too slow, compli-
cated, and expensive.  Although the build 
environment is becoming less permanent, it 
is still society’s biggest investment and one 
its longest-lived artifacts.” 1 

In the world of practice and the marketplace 
of ideas, speed of delivery is valued above 
all else.  The market place of architectural 
practice began to deal with the need for 
fast-tracked project delivery and it has 
evolved into design-build under pressure 
from the construction industry.  Design-build 
has grown partially in response for speed of 
project delivery.  One of the current trends 
developing in the design-build environment 
is the integration of disciplines, technolo-
gies, the trades, and management as a 
baseline team for the delivery of architec-
tural and engineering projects in the built 
environment.   

Yet, the act of construction and the individ-
ual skill sets and technical knowledge base 
required to produce fast tracked, fully inte-
grated, on time, under budget and efficient 
buildings or structures remain the same.  
Principles of structures have not changed, 
only the speed of engagement of basic prin-
ciples.  The manner and important primacy 
of calculation is viewed differently in the de-
livery of projects. 

Thus, what has changed significantly is the 
viewpoint; the way design professionals are 
utilizing the basic skill sets of structural 

analysis environmental controls and con-
struction techniques.  Schools of architec-
ture have begun to emulate the market-
place, with experiments in design, materials, 
form-making, and fabrication techniques 
applied in design-build studios, activities, 
and fabrications. 

Critical questions arise regarding structural 
technologies in educational curricula.  What 
is the role of traditional structural technolo-
gies?  How do we deal with traditional, basic 
structural calculations in education when 
they are under pressure for speedy delivery 
of answers?  While analysis techniques 
such as statics, mechanics, structural 
analysis, and material design can be com-
puted at ever-faster rates, in the world of 
integrated delivery of design-build services, 
what are the lessons for the educational en-
terprises?   

Once the foundational structural principles 
are presented to students, a number of pos-
sibilities exist to imbue meaning, under-
standing and purpose to structural princi-
ples. 

Pedagogical Responses 

Typical educational responses to impart 
meaning to structural calculations can be 
categorized in several major areas.   

First, in recognition of the world of rapid 
media, virtual evidence of calculated struc-
tural forms and materials can be modeled.  
Several programs currently exist and con-
tinue to be developed in which spans, 
heights, and composite structural systems 
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can be both viewed, and calculated by stu-
dents.  Textbook publishers have supported 
the exploration of virtual representation in 
structural calculation of components and 
assemblies.  Wire frame representations are 
omni present in structural education. 

Second, in response to the environment that 
favors speed and accuracy, digital fabrica-
tion has also emerged from the virtual world 
with multiple experiments in materials, as-
semblies, and reconfiguration of built com-
ponents for architecture students to explore.  
A wide variety of studio activity currently 
exists that require full-scale fabrication pre-
cisely calculated for exploration of forms as 
structurally important design experiments.  
Fabrication issues deal with the full-scale 
problem of materials, joint calculation, and 
assemblies, even if it only fits in one room.   

Third, in the traditional of the Beaux Arts 
and Modernist movements, real modeling of 
structural behavior to explore basic princi-
ples continues to be a requirement for many 
first year students, as well as capstone ex-
periences.  Many schools still utilize full-
scale sections, scaled models, or compo-
nents that can be tested in simulation of 
structural conditions, joints, and maerials. 

Fourth, the emergence of design-build stu-
dios in schools, as in professional practice, 
has required the integration of multiple 
building technologies with management and 
professional systems.  Structural technology 
and material systems have taken on an in-
creased importance since school projects at 
full scale are often shells or portions of 
buildings that explore building forms.  Shells 
and material forms seem to be a favorite 
since they can be highly expressive and 
open to form manipulation.   

All four of these approaches of structural 
principles have the advantage of immediate 
application of basic calculation and under-
standing at some level for students.  Each 
process can be significant for students with 
a diversity of learning styles.  Design-build 
studios and construction activities have their 

own advantage for educational goals and 
embedding learned structural behaviors.   

University of Colorado Design Build 
History 

At the University of Colorado, as at many 
schools of architecture, a 15-year design-
build program has built numerous student 
designed projects in the summer semester.  
The program began as an outgrowth of the 
structures coursework.  Structures course-
work presented traditional exercise prob-
lems to be solved.  However, students did 
not know how to set up the analysis of a 
problem.  The first exercises engaged 15 
years ago were the requirements for stu-
dents to design a small artifact and then 
provide an analysis.  When a community 
approached the class to build one of the 
artifacts, the design-build program was 
born.  

The program that began as a structural de-
sign exercise became a full-fledged con-
struction program. The program, of neces-
sity, was required to integrate structural and 
building technologies into a design-build 
competition and, later, the studio.  The re-
sultant construction program dealt with a 
microcosm of the entire building process 
with a heavy emphasis on structurally sig-
nificant form and materials.   

Of necessity, the design-build program 
deals with multiple facets of the building be-
yond structural technologies including esti-
mating, scheduling, negotiations, contracts, 
insurance, risk management, project man-
agement, and communications.  Yet, given 
the nature of the original program focus on 
structures, structural technology crosses all 
the disciplines.  In the context of design and 
construction, structural technologies, i.e., 
statics, structural analysis, and material de-
sign react in a fluid process with materials, 
insurance, contracts, costs, and construc-
tion efficiencies.  Since the program is in a 
school of architecture, of course, the pri-
mary driver of exploration is design intent, 
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design investigation, and even some theo-
retical debate, While it is tempting to create 
a design environment in which structural 
determinism and material essentially pre-
dominates all activities, the truth is that all 
facets of design, analysis and construction 
compete for central attention at any point.  
Taken in that context, structural technolo-
gies become as important as material selec-
tion and form.   

The lessons of recent design build activity 
has pointed to delivery systems in which all 
parts of design are simultaneously impor-
tant, central, and, yet paradoxically, subor-
dinate to the goal of collaborative efforts 
and processes that require considerations 
of efficiencies and aesthetics.  Structural 
technology has been required to occupy the 
role of prime importance and simultaneously 
secondary role.  Design-build activity has 
provided legitimacy of structural technology 
in the minds of students since they are 
mandated to a hierarchy of  priorities in re-
sponse to design intent. 

Three Comparison Projects  

The current student design-build studio has 
produced external classrooms and some 
shade structures in public parks for local 
communities.  Students are required to work 
in teams and prepare competitive design 
alternatives to the communities 

The three chronicled student projects for 
comparison are: 

• Denver Fairmount Elementary 
School Outdoor Classroom, 2001 

• Lyons Colorado Park Community 
Stage, 2004 

• Montrose Colorado Cerise Commu-
nity Park Entrance Shelter, 2005 

 

Figure 1.  Fairview Elementary, Denver, 2001 

 

Figure 2.  Lyons Park Community Stage, 2004 

 

Denver Farimount Elementary School was 
designed as an outdoor sun dial with double 
sided roof and strategically placed roof 
openings designed to cast sunlight on the 
ground plane.  Given the requirement for 
control of sunlight, the object was designed 
as a fixed benchmark in space placed upon 
a base of columns.   

The studio design team conducted a full 
classroom discussion on the implication of 
wind.  The intuitive discussion and scaled 
model investigations revealed problems with 
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torsion loads at the base.  The studio di-
vided the problem into straight beam calcu-
lations, the steel arch, and the torsion load 
problem.  One student, a former aerody-
namic engineer, led the group exploration of 
torsion load.  During a site visit to the new 
Mile High Stadium, which was being con-
structed under a design–build program, a 
similar condition was observed.  The group, 
with encouragement, decided to add addi-
tional struts at the column connection and 
strengthened the concrete column.  The 
aeronautical engineer, Bob Dawson, led the 
group in an exercise in which he simulated 
the torsion wind loads.  Details were se-
lected and designed.  One requirement of 
the class placed by the instructor was for 
redundancy in structural design.  This was 
due to the relatively low construction skill 
level of students.  

Lyons Community Stage presented another 
problem for student designers.  The cantile-
ver proposed for the stage cover had to be 

spanned with steel.  Driven by the require-
ment to incorporate donated limestone slab, 
the winning design team responded by can-
tilevering over the large slabs.  The resul-
tant cantilever was not great but presented 
problems students had not encountered in 
previous structures coursework.  

The design team was required to provide a 
team response in which the foundation, the 
compression struts and tension panels were 
all combined to extend the cantilever.  The 
instructor set up the calculations and the 
response team was required to generate 
beam sizes independently of each other.  All 
answerers were compared and reported to 
the class.  Another group was assigned to 
verify the calculation.  Needless to say, the 
foundation required significant sizing due to 
overturning moments.  

At least half of the class did not participate 
in the calculation exercise and simply ac-
cepted the reported results.  However, upon 

 
Figure 3.  Montrose Colorado Park Pavilion 
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installation of the large foundation base, 
students not engaged in the calculation 
asked about the possibility for reduction of 
foundation size.  In the resultant on site dis-
cussion, the design team refused to reduce 
the size of the footing but still reexamined 
the calculations.  Pumping action of the soil 
condition compounded all of the discussion. 

The lessons learned by the lead team and 
the student non-structural questions was 
profound experience for the students.  The 
entire construct could be represented as 
one large force diagram which was compre-
hended by most. It is clear that lessons are 
passed from student to student upon com-
pletion of each project.  There seems to be 
a lore and mystique about the need to solve 
physical structural problems.  However, 
each session seems to end with the possi-
bilities and potential not realized by each 
session.  Since the emphasis is on struc-
tures, each class seems to inspire the next 
to experiment further than the previous 
group. 

Montrose, Colorado Park Pavilion was one 
such experiment that grew from the knowl-
edge that the previous year had produced 
full-scale physical results that could be ex-
panded.  The winning design team pro-
posed a very large span with curved steel 
elements.  When confronted by budget, fab-
rication, and span problems, the group re-
searched, altered and reconsidered as-
sumptions in order to achieve their design 
intent.   

The excessive span condition caused the 
students to transform the curved roof into an 
open shading device.  Thus, there were no 
live loads to carry such as snow.  The ec-
centric connection forced the group to in-
crease the column size and reduce its 
height in order to achieve stability from tor-
sion loading.  The increased column size 
also facilitated connections requirements. 
The curved steel form, which required re-
shaping in the directions perpendicular to 
the X-X axis of the section caused them to 
research and find a manufacturer who could 

accomplished it within the budget.  Fully half 
of the cost of the project was in the rolled 
steel.  In addition, the rolled steel was not 
as accurate as required for construction and 
students had to review calculation in the 
field for the final assembly. 

Conclusions 

Design-build activity in the marketplace has 
responded to requirements for tight budg-
ets, speedy delivery of projects, and central 
managerial control.  Design-build activities 
in schools of architecture have often been 
implemented in order to teach, experiment 
with materials and forms, and create a criti-
cal dialogue between design and construc-
tion.   

Design-build studios do not seem appropri-
ate for teaching primary structural principles 
such as vector analysis, moment or shear 
diagrams.  If this knowledge base is not 
present to some degree in students, the dia-
logue cannot identify significant and critical 
design choices.  Design-build studios or 
competitions do foster significant dialogue 
between calculation, as a basis for under-
standing construction problems, and the 
latitude for change in the field.  In studio ac-
tivity or the market place, speed of deci-
sions, accuracy of information, and effi-
ciency of construction means are para-
mount.  It is clear that structures can be a 
group consensus based upon individual 
preparations and ordering of the problem 
sets.   

Speed of calculation does not guarantee 
accuracy of construction or efficiencies.  In 
a fluid decision making environment of con-
struction, rapid answers with acceptable 
variations on material response is required 
in order to make decisions.  In the final 
analysis, students do not yet have all the 
experiences that may tell them what the ac-
ceptable range for variations in construction 
may be possible.  Many structures courses, 
my included, are very linear and sometimes 
give the impression that all calculation and 
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resultant details are linear, logical and with-
out many alternatives.   

In order to make field decisions, architects 
and builders must be use experience gained 
from many works to make rapid and critical 
decisions that will guarantee structural 
safety.  Without a full-scale project such as 
those in design-build education, students 
cannot enter the profession with confidence 
to take leadership positions in the construc-
tion industry.  The best result of the design-
build studio activity is to understand the in-
tegrated decision making implications of the 
project as a whole.  Equally important is an 
appreciation of the simultaneously impor-
tance and subordinate role of structure and 
materials.  Structural principles must be 
honored to insure safety, but design can 
guide the selection of the range of possible 
physical responses.  These are all things 
the practicing profession and instructors are 
acutely aware, but students gain a deeply 
embedded understanding when the also 
must respond in a guided, yet urgent fash-
ion during the design-build construction 
phase. 
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Introduction 

The profession of architecture began as the 
practice of all things relating to building and 
building construction, including materials, 
structure, design, program, clients, and 
code. There was no differentiation between 
the architect, the engineer, the surveyor, 
and the contractor; as Vitruvius indicated in 
his treatise they were all one and the same. 
In Kiernan and Timberlake’s book, Refabri-
cating Architecture, they define the idealized 
architect as one of master builder. A master 
builder combines the role of architect, 
builder, engineer, and scientist. Kiernan and 
Timberlake point out that until the recent 
few hundred years, most buildings were de-
signed and erected by master builders (29).  

Because of a dramatic increase in available 
materials, building components, electrical 
and plumbing systems, and environmental 
controls there are too many components for 
today’s architect and so they are no longer 
master builders. As Kieran and Timberlake 
point out, “Most buildings are no longer 
simple vessels, shells formed around a use, 
but machines of enormous complexity, 
coursed through by numerous systems that 
control the environment of its interior and 
connect it to the external world” (29). It is 
this complexity of the profession that has 
lead the architect to relinquish primary con-
trol of the art and science of building. We 
are no longer the master builder, testing and 
controlling all aspects of the design. Instead 
we have relegated ourselves to the only as-
pect we feel adequately capable to con-
trol—the building’s appearance.  

 

Unlike the earlier days of the master builder 
and a more simplified building process, ar-
chitects cannot be responsible for all as-
pects of construction. Architects need to 
delegate the work and responsibility of de-
signing our complex buildings by utilizing 
the expertise of engineers, contractors, and 
product specialists in order to design the 
specifics of their systems. Architects should 
not however, rely on those consultants to 
integrate their systems into the building de-
sign. Instead, the architect should be able to 
utilize fundamental concepts from these ar-
eas for the overall building design. It is 
these concepts that affect the architectural 
form of the building. The architect should 
not be the marginalized role of aesthetician, 
but should be the building’s form-maker. Not 
only does the building’s aesthetics affect 
building form, but so too do the environ-
mental, structural, and tectonic systems. 
Because of this we need to bring the re-
sponsibility for the fundamentals of those 
areas back into the architectural profession.  

In order for the architect’s role to shift into 
one of form-maker, we need to alter the 
teaching of our architectural students. The 
typical pedagogy of the past has been to 
pressure architecture students into under-
standing and calculating all aspects of the 
building through their support classes. In 
Environmental Controls, Building Technol-
ogy, Acoustics and Lighting, and Structures, 
we tell the students that they will be liable 
for their consultants’ decisions. This fear of 
liability is perpetuated by academia by the 
professors we typically hire to teach those 
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technology classes. For an environmental 
controls class the department may hire an 
engineer or someone with a building sci-
ence degree and often structural engineers 
teach the structures classes. These profes-
sors are very qualified to teach the subject 
matter and may spend a great deal of the 
class time on a in depth study and quantita-
tive analysis of the problems, without relat-
ing the issues to the qualitative nature of the 
architect as form-maker. In the end these 
professors are amazed and frustrated by 
the lack of enthusiasm that their students 
have for their class, finding themselves in a 
constant battle with the studio course work-
loads. To help combat what is seen as stu-
dent apathy, the professors insist that their 
class information is inherent to the student’s 
success as an architect and without it they 
will not succeed. What academia does not 
promote is that by understanding the tech-
nology fundamentals, without an in-depth 
knowledge of the subject, one can still be a 
successful architect. 

The architect as form-maker reinforces the 
education of the architect as one of prob-
lem-solver. The architect is required to 
quickly assess problems from a variety of 
trades and come up with a design solution 
that best addresses those trades along with 
his or her architectural agenda. To broaden 
the education of the architect not only as a 
designer or technological manager, we 
need to bridge into the area of problem solv-
ing. We need to bring the concepts from our 
architectural support classes by engaging 
them with the design process. Historically 
the support classes, especially environ-
mental controls and structures, have fo-
cused on the quantitative aspects of the 
topic without addressing some of the more 
qualitative practices. By combining both the 
quantitative and qualitative, we can utilize 
concepts from the support courses to teach 
our students a more integrated design proc-
ess.  

Quantitative and Qualitative Ap-
proaches 

In order to imbue our architecture students 
with the ideal of the architect as form-
maker, we need our technology support 
courses to engage the students through the 
design process. By illustrating the courses’ 
connection to the architectural design proc-
ess, we will cease battling with the studio 
workloads and begin engaging our students 
by demonstrating the link between technol-
ogy and design. Technology should not 
something that is applied to a building once 
the design has been completed, but instead 
should affect the shape, expression, and 
organization of the overall form. This under-
standing of architect as form-maker will lead 
us away from the focus of the technology 
support courses from a quantitative class to 
one that also focuses on the qualitative 
concepts.  

It is the quantitative aspects of our courses 
that specifically size our building compo-
nents; however, in practice, it is rare that the 
specific size of any component has a major 
impact on the architectural form. During the 
early design phases, sizing ducts to handle 
the acceptable CFM or finding the correct 
section modulus of a beam have little rele-
vance to either the architectural student or 
the architect. For the early phases, it is the 
concepts from these courses that affect the 
building form and thus the design process. 
Later, as the building’s design progresses, 
the specifics of those trades can have an 
impact on the building's dimensions and be-
cause of that, architecture students need 
the fundamental language and tools of the 
consultants in order to work with them to 
finalize the building. 

For most programs, the battle between the 
technology support courses and the studio’s 
design focus is most clearly exemplified by 
the structures sequence. Historically, this 
course has been math-based in its focus 
and those students who are less skilled in 
advanced math find themselves struggling 
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with the quantitative content, lost in the in-
formation, and thus disconnected from the 
subject’s fundamentals. As educators, our 
failure is this disconnect. In the end it is of-
ten these frustrated students who ask, “Why 
are we learning this?  Isn’t this why we hire 
structural engineers?” Students need to 
know that although they may have difficulty 
with their calculations, they can still design 
using a building’s structural fundamentals, 
creating buildings that are tectonic, logically 
organized, and structurally coordinated. 
These structural fundamentals are not the 
responsibility of the engineer, but are the 
responsibility of the form-maker. 

It is difficult to find one textbook that prop-
erly mixes the required amount of quantita-
tive study, analysis, and problem solving 
with an engaging amount of qualitative or 
fundamental work for many of the architec-
tural support courses. Usually, the quantita-
tive texts are written by engineers, who at-
tempt to thin the material for the architecture 
students. For our structures classes, we use 
books titled with the phrases “Simplified En-
gineering” and “Elementary Structures”1. 
These texts tend to be quantitatively fo-
cused, statically solving structures and siz-
ing the members. They also tend to have 
less of a relation to the architect’s role in 
structural design, but are instead more fo-
cuses on the engineer’s interrelationship 
with the architect. Finally, these texts often 
utilize the abstracted free-body diagram, or 
FBD, for developing solutions rather than 
the architectural reality of the structure.  

Schodek, in his textbook titled Structures, 
states that the FBD “shows the complete 
system of applied and reactive forces acting 
on a body” (42). The FBD is an abstraction 
designed to reduce the structural compo-
nents into isolated elements in order to 
make mathematical computations easier. 
Oftentimes, in order to teach the mathemat-
ics, the FBD’s of the given problem are too 
complex, demonstrating a particular loading 
that would be rare in the reality of building 
design. See Figure 1. The FBD is the first 
step for structural designers to find the 
loads, stresses, and strains on structural 
members, but often the FBD is the only 
presentation of a problem and thus is the 
only exposure that students have with the 
required computations. They no longer un-
derstand the FBD as a necessary abstrac-
tion that is created to find the solution, but 
understand it as the problem itself. This is 
not to say that the FBD is at fault for this 
lack of connection; it is a powerful tool, 
stripping a structural problem down to its 
essential elements. However, we need stu-
dents to also learn to relate the FBD to the 
structure and the architectural design. 

Almost all of the quantitatively focused 
structures texts tend to focus on the break-
ing down of their information into easily di-
gestible chunks for the students. For 
beams, FBD’s are used to find the beam’s 
reactions. If given a particular loading on a 
beam and its reactions, students are asked 
to draw the beam’s shear and moment dia-
grams. If given a maximum moment, stu-
dents are asked to find the beam’s maxi-
mum bending stress. The texts and the 
homework problems are often presented in 
this step-by-step process, building the learn-
ing of one task upon the other. At the same 
time, in order to alleviate our assessment of 
our students, we tend to test the student’s 
learning though a breakdown of the problem 
into easily regurgitated pieces. Our as-
sessment for the minimum standards of the 
architectural profession, the Architecture 
Review Exam (A.R.E.), also is an illustration 
of this piecemeal approach. According to 
the Ballast’s Guide to the A.R.E. “For the 

Figure 1. Free-Body Diagram problem, typical in ar-
chitectural structures classes (Onouye, 372). 
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structural portions of the exam, extensive 
complete calculations of a structural prob-
lem are usually not required…. Instead, you 
should expect to do portions of a calculation 
in order to answer a question.” (xii). Be-
cause of this, students find it difficult to un-
derstand how each of these steps relates to 
the overall solution for the building’s struc-
tural components and the overall building 
design. 

Despite the quantitative approach of many 
structure textbooks, there are structures 
books written by architects that are much 
more qualitative in nature. These texts tend 
to demonstrate the inherent link between 
architecture, structures and design, using 
existing architectural buildings to demon-
strate their structural concepts. These 
books have titles such as “Shaping Struc-
tures” and “Understanding Structures”2. Fo-
cusing less on the mathematical computa-
tions, these texts illustrate clear structural 
principles by discussing structural concepts. 
These books use either existing buildings to 
teach the structural concepts (supported by 
limited mathematical work) or they discuss 
the design of a few simple buildings through 
potential structural systems and detailing.  

Although these texts do cover a great deal 
of the subject’s concepts they also use 
mathematics to support those concepts. 
The books limit the use of the FBD. Instead 
of relying on mathematics for solving reac-
tions and force components, they use the 
less precise and often confusing graphic 
approach. These textbooks often also focus 
on the building statics, while devoting little 
attention to material strengths, designing 
structural members or testing connections. 
Because of these shortcomings these texts 
provide good companion material for the 
course sequence, but often do not provide 
enough information to be the sole course’s 
textbook. 

Lessening structure’s quantitative approach 
for one inclusive of its qualitative aspects 
better demonstrates to the students their 
role in the architectural profession. Archi-

tects tend to spend little of their career 
completing calculations for their designed 
buildings and instead often employ a struc-
tural engineer. This may be due in part to 
building designs leading to an increase in 
structural complexity, a fear of liability, or 
the prolific availability of sizing charts for 
fabricated members.  

Conversely, focusing solely on structure’s 
qualitative issues instead of the quantitative 
components will not teach the subject’s fun-
damentals either. Through the mathematical 
equations, students can predict how build-
ing or building components will behave and 
can help them in the structural material and 
size selection process. The concepts of the 
equations can answer questions such as 
“Should you raise or lower a column’s slen-
derness ratio to carry more load?” or “Do 
you need to select a beam with a higher or 
lower section modulus?” It is the combina-
tion of quantitative and qualitative ap-
proaches that is the subject’s fundamentals. 

Teaching both quantitatively and qualita-
tively encourages a variety of student 
strengths. Students who find it easy to com-
plete the mathematical computations should 
also understand the descriptive subject mat-
ter and those students who excel at the de-
scriptive aspects should use those aspects 
to better understand the mathematical com-
ponents. The A.R.E. study guides and exam 
also reinforce studying the subject’s funda-
mentals. The study advice offered in the 
Ballast’s Guide states, “You are generally 
better off reviewing the concepts of all the 
divisions of the test than becoming an over-
night expert in one area.” (xiii). The exam’s 
intent is to test the beginning architect’s 
ability to select what is needed to solve a 
problem rather than the solution of the prob-
lem itself. 

I have developed my structures course by 
engaging the students in the fundamentals 
and reinforcing the ideal of the architect as 
form-maker. I teach the second structures 
course of a three-course sequence. This is 
a materials structure course focusing on the 
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design of wood and steel beams, columns, 
and connections. As part of the class, I 
teach vertical load tracing and review other 
statics work, including shear and bending 
diagrams. For this course, I have developed 
two student projects. The first project is a 
structural research project. Completed early 
in the quarter, it is the analysis of an exist-
ing architecturally and structurally significant 
building. The students are required to re-
search the building, study its structure, and 
create a diagrammatic structural model that 
is a tectonic representation of the original 
building. Through this project students con-
ceptualize the load path for the building, ab-
stract material properties and joinery, un-
derstand potential structural weaknesses, 
and hypothesize structural improvements. 
The second project, which starts at the mid-
dle of the quarter and is due on the last day 
of class, is a structural design project. Here 
the students are asked to architecturally and 
structurally design a building. Architectur-
ally, the design project is fairly simple and is 
required to use steel as its structural mate-
rial. The focus for this project and the most 
difficult aspects for the students to master is 
not the actual sizing of the beams, columns, 
connections, and foundations, but instead is 
the iterative process of architecturally de-
signing a building with its structural system. 

Structural Research Project 

In pairs, students are asked to research the 
building’s structural systems, focusing on 
either the entire structure or a significant 
structural component, and present their find-
ings to the class. The student presentations 
may contain an architectural overview of the 
project, with the majority of the presentation 
on the building’s structure. A variety of is-
sues can be addressed such as materials, 
loading conditions, construction sequencing, 
structural failure, and/or structural unique-
ness. The buildings researched for this pro-
ject are fairly complex and would require an 
engineer to fully design the building’s struc-
tural members.  

The list of potential buildings is organized 
around structural typologies and covers a 
large historic range, allowing the class to 
have an exposure to a variety of structures. 
Because this project occurs at the beginning 
of the quarter, the focus for the students is 
less on the quantitative tools that they will 
learn as the quarter progresses, and instead 
focuses on the qualitative information such 
as material properties and structural shapes 
discussed in the first few classes.  

It is a requirement that the construction of 
the model is consistent with the building’s 
construction. For example, if the building 
uses a post and beam system, where the 
columns are separate from the beams, the 
students are not to build that bay out of a 
continuous material such as chipboard; or if 
the building’s structure is concrete, a con-

Figure 2. Tommy Nickoloff and Katie Walker’s testing 
of the Brooklyn Bridge by John Roebling. Still image 
from video 
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tinuous or cast material should be used. 
Recording the testing process with a video 
camera, the students are asked to load the 
project similarly to the actual loading of the 
building. Because of some building’s 
shapes and because of potentially complex 
loads, loading the model is a creative task 
for many projects. If the model does not 
break, additional or under-designed loading 
types are applied until destroyed. (An ex-
ample on an under-designed loading would 
be adding a lateral load to a post and beam 
structure.) Teams are to note where struc-
tural failures and extreme deflections occur, 
and to provide potential solutions to ward 
against future failures.  

Through this project students learn how 
building form dictates structure, but also 
how the structure informs the building’s 
shape. Tommy Nickoloff and Katie Walker’s 
study of the Brooklyn Bridge illustrates this. 
See Figure 2. The existing structure uses a 
combination of suspension and cable stays 
to support the bridge deck. Similar to the-
cable anchoring of the actual bridge, Nicko-
loff and Walker provided diagonal support at 
the end of the model to resolve the lateral 
and vertical forces exerted by the main ca-
bles. As the cables were tightened, a bend-
ing stress was produced on the deck, caus-
ing a camber in the structure. It was this 
prestressed camber that counteracted the 

added live load during the testing process, 
thus resulting in a lowered bending stress 
for the deck and ultimately a higher load for 
the structure.  

Students are also required to think dynami-
cally in order to solve the problem of apply-
ing complex loads or loads to a complexly 

Figure 4. Lauren Mollica and Peter Adams’ testing of 
the Olympic Games Tent by Gunter Behnisch. Still 
images from video. Shown are 30 mph wind, 50 mph 
wind, and final failure due to uplift. 

Figure 3. Joe Feys and Caitlin Hill’s testing of the 
Denver International Airport. Still image from video. 
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shaped structure. To test vertical live loads 
caused by snow on the roof of the Denver 
International Airport, Joe Fey and Caitlin Hill 
used bags of sand. See Figure 3. The sand 
acted similarly to the snow, by settling into 
the valleys of the structure while placing 
less of a load on the roof peaks. Post-failure 
discussion concluded that the building’s de-
sign for a non-symmetrical tensile roof form 
resulted in uneven lateral loads on the 
masts, thus introducing a bending stress. 
Instead of changing the iconic form of the 
building by re-orienting the masts to bisect 
the roof’s angle, the students suggested 
that the mast’s moment of inertia should be 
increased to reduce bending stress. Stu-
dents also noted that the central masts car-
ried a larger load than the exterior masts 
because of their larger tributary areas.  

Lauren Mollica and Peter Adams also stud-
ied a tensile structure though their analysis 
of the Olympic Games Tent in Munich, 
Germany. See Figure 4. They tested their 
diagrammatic model in heavy wind condi-
tions, by placing it on the cab roof of a 
pickup truck and driving with an ever-
increasing speed. They hypothesized that 
the tension members’ connection at the 
base would fail. In their model they had 
glued the tension members into the base, 
protecting those members from uplift; how-
ever they had hooked the tension cables 
into the top of the compression mast, 
thereby not protecting the connection—and 
ultimately the structure—from uplift forces, 
causing final failure. 

Through their diagrammatic models, stu-
dents are also asked to indicate actual 
building material properties by the selection 
of proper model materials and abstracted 
joints. Abstracting materials requires that 
the student understand the actual structural 
material properties and connection 
strengths while conceptualizing those mate-
rials and joints used for the model construc-
tion.  For some students it is difficult to 
separate the finish material from the proper-
ties of the structural materials. In the dia-
grammatic model constructed by DJ Benn 
and Sonia Carias of Dulles International 

Figure 5. DJ Benn and Sonia Carias’s testing of the 
Dulles International Airport. Resistive compression 
forces in the roof prevent the building’s columns from 
collapsing inward. 

 

Figure 6. Brian Green and Stacy Sheridan Alamillo Bridge by Santiago Calatrava. Failure for testing occurred at the 
pin connection of the mast. 
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Airport, they utilized plaster-of-Paris to rep-
resent the terminal’s concrete roof. See 
Figure 5. This model’s material represented 
the finish of the concrete of the roof, but 
failed to represent the tensile nature of the 
actual roof structure’s steel cables. Because 
of this, the deflected shape of the model 
during testing was an unrealistic representa-
tion of the building. 

Brian Green and Stacy Sheridan studied the 
Alamillo Bridge, by Santiago Calatrava. 
They constructed an elaborate model that 
represented the compression member of 
the singular mast, the tension members of 
the cable stays, and the central beam of the 
bridge deck. See Figure 6. To abstract the 
assumed pin connection of the singular 
mast to its foundation, they used two steel 
L-brackets screwed to both sides of the 
mast. For loading, Green and Sheridan 
chose to stand on the free end, adding a 
great deal of live load at a distance far from 
its support; thus creating a large moment at 
the joint. Because of the correct abstraction 
of the joint as an assumed pin connection, 
the structure quickly failed at this joint. The 
class discussed the typical loading issues 
for this bridge through the model’s failure. 
The compressive mast and its weight resist 
the bridge loads, but as is typical with most 
bridges there is a very high dead load rela-
tive to a proportionally low live load. Be-
cause of this, an engineer can predict the 
majority of loading that the structure will ex-
perience and thus design the mast with a 
pin connection to resist the bridge’s vertical 
loads. It is only when the live loads become 
proportionately higher than the dead loads 
that a resistant moment must be created at 
the joint for the structure to remain stable. 

As demonstrated through the student ex-
amples, this structural research project is a 
powerful teaching tool for teaching struc-
tures qualitatively. It should be noted how-
ever, that the project does have some 
drawbacks. Because these are diagram-
matic models, they neither depict the actual 

building structure nor the actual potential for 
building failures. Teams that diagram and 
test buildings selected by earlier teams will 
find that their model will not fail in the same 
manner.  The diagrammatic model is merely 
an abstraction of the structure and so the 
model testing is only indicative of potential 
structural weaknesses for that building type. 
The focus for this project is qualitative in 
nature, and does not allow for any quantita-
tive testing. This is partially due to the 
aforementioned abstraction of structure and 
building materials but can also be attributed 
to the square-cube effect. Simply put, the 
allowable stress of a member is based on 
the cross-sectional area of that member and 
the units of measurement is squared 
whereas the weight of the scalable model is 
a function of density and volume and is ex-
pressed in cubic units. Because of the 
square-cube effect, there is not a linear rela-
tionship between strength of the model rela-
tive to its scale.  

Many of the researched buildings for this 
project would have required an engineer to 
fully resolve the building’s structural compo-
nents and systems. However, this project 
demonstrates that the architect, by under-
standing the architectural form, its relation-
ship to the structure, and the applied loads, 
can discover the building’s structural fun-
damentals and can easily understand a 
building’s potential structural strengths, 
weaknesses, and failures. 

 Structural Design Project 

The second of the two projects is introduced 
in the middle of the quarter and is com-
pleted on the last day of class as a cumula-
tive assessment of the students’ learning. 
This project teaches more of the subject’s 
fundamentals—both the quantitative and 
qualitative tools learned throughout the 
quarter. Even though students have to trace 
the loads and size structural members and 
connections to complete this project, its fo-
cus is not on their quantitative solutions, as  
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they are provided with the American Insti-
tute of Steel Construction (AISC) Manual 
charts and graphs that reduce their arithme-
tic to a minimum. Instead, this project links 
the structures class to the design process 
and teaches students that decisions cannot 
be made structurally that do not affect the 
architecture and vice versa. 

This project’s description calls for a fictional 
building design set in Goshen, New York. 
The project is architecturally fairly simple—
usually an office building or a small YMCA. 
Both buildings use rolled sections for their 
horizontal spanning members, with the 
YMCA also using long-span joists over the 
gymnasium and swimming pool. A non-
composite steel decking with a topping slab 
is to span between the beams and/ or joists. 

Rolled sections are used for the columns, 
and bolts and clip angles are used for the 
standard connections. Holes in the floor 
structure must be provided for two fire-stairs 
and an elevator. Depending upon the build-
ing assigned, four or six Trane HVAC units 
are to be placed on the roof. Cut-sheets are 
provided to the students for load and size 
reference. Geotechnical information for the 
site is also provided to size the foundations. 
Various supporting charts are given to them, 
including: weights of elements of building 
construction (for dead loads), building code 
requirements for uniform live loads, mini-
mum roof live loads, soil bearing capacities, 
and excerpts from the Vulcraft catalog to 
specify the required decking and steel joists. 

 

Figure 7. A Structural Design Project completed by Nicolas Loeper and Ryan Meres, showing their first floor structural 
plan for a small YMCA. Comments on the drawing are by the author. 
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Students are required to design a building 
that meets the criteria established by the 
program, the applicable codes and, that 
once built, would be structural sound. They 
are to determine all of the loads on the 
structural members—including, but not lim-
ited to: decking, beams, girders, columns, 
foundation and connections. Because this is 
a structures course, students are asked to 
focus on the structure for the building, rather 
than the architecture. However, it is impor-
tant that they demonstrate that the structure 
has been coordinated with the architectural 
plan and that coordination is illustrated in 
both plan and section.   

As part of the final presentation, students 
are to provide a foundation, architectural 
and structural floor plans; one elevation, to 
denote exterior finish materials; and a 
transverse section, to indicate floor-to-floor 
heights. Dimensions, direction of decking 
and joists, and a structural grid must also be 
included. Students are not required to size 
every structural member for their building, 
but are asked to focus their efforts on the 
members that carry the largest loads.  

Through this project, students learn to cre-
ate a structural grid, and coordinate that grid 

with the building’s architectural plan. Often, 
because it is something with which they are 
very familiar, the students begin with the 
architectural plan and then attempt to or-
ganize the structural bays around their ar-
chitectural plans. For the first pass, the stu-
dents usually place columns within a major-
ity of the interior walls, wherever they may 
be located, creating a very complicated 
structural grid and a very inefficient struc-
tural organization. See Figure 7. Here, be-
cause of the designed joist orientation, very 
deep joists are required to span the sev-
enty-two feet from grid line A to grid line F. 
Simply re-orienting the joists to span the 
thirty feet between lines 1 and 2, and 5 and 
6 would have allowed for joists with much 
less depth. Also, the students restricted 
their horizontal members to a four foot 
module over the building’s support spaces. 
When the building dimensions were in con-
flict with their established structural module, 
they simply introduced another beam, es-
sentially doubling the structure. This can be 
seen in Figure 7 along grid lines 2 and 5.  

To combat organizational issues early, we 
have an interim student pin-up to review 
their initial designs. Students are encour-
aged to reorganize their architectural plans 

 

Figure 8.  Joshua Younger’s first floor structural plan for an office building.  
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so that there is a consistency in plan for the 
beam, girders, and columns, reducing the 
required calculations. This iterative process 
of the building design is one of the most dif-
ficult aspects for the students to master and 
often they are amazed that the sizing of the 
members took the least amount of effort, 
whereas most of their energies are concen-
trated on the integration of the building’s 
design and its structural clarity. See Figure 
8. 

 Sometimes for the students, the structural 
concept may actually lead the design proc-
ess. See Figure 9. For the design of a small 
YMCA, DJ Benn and Tommy Nickoloff, de-
signed their building using beams with a 
single overhang. The overhang reduced the 
maximum moment of the beam, allowing for 
a smaller section modulus than that of a 
simply supported beam. Not only did this 
concept inform the quantitative analysis of 
their design though the selection of the steel 
sections, but also helped drive the organiza-
tion of their building’s design through sec-
tion. 

Because of the project’s description is fairly 
loose, students are allowed and encouraged 
to explore different aspects to their design 
and calculations. Wanting to use a skylight 
over their central atrium, Peter Adams and 

Porter Wincuinas researched skylights 
manufactures and included the cut sheets 
and estimated dead loads in their calcula-
tions. See Figure 10. Because it is outside 
the scope of this class, students typically 
use the easier Method 1 from the Uniform 
Building Code to calculate the building’s 
snow loads3. Occasionally students will in-
vestigate more precise methods for calculat-
ing a building’s snow loads. Josh Younger, 
in his design for an office building specifi-
cally researched how to calculate the snow 
load requirements for Goshen, NY, by re-
searching New York States’ building code. 

Conclusion 

These two projects focus on the teaching of 
the fundamentals for an architectural struc-
tures course, rather than concentrate on the 
traditionally quantitative aspects of the 
course. Through the structural research pro-
ject student learn problem solving skills fil-
tered though the creation of a diagrammatic 
structural model. Students are asked to ap-
ply complex loading to potentially complex 
shapes, abstract building material and con-
nection properties, and analyze potential 
solutions for the structure’s failure, present-
ing their findings to their fellow classmates.  
During the second half of the quarter, stu-
dents are asked to complete a structural 
design project. Typically, the building is 
fairly simple architecturally in order for the 
students to focus on the building’s structural 
solution. By designing the building’s archi-

Figure 9. Tommy Nickoloff and DJ Benn’s concept 
sketch and building section for a YMCA. Comments 
on the drawing are by the author 

Figure 10. Peter Adams and Porter Wincuinas’ build-
ing section through the manufactured skylights over 
their central atrium. 
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tectural and structural plans, they are able 
to understand the interrelationship between 
these two disciplines. At the same time, the 
students size all of the building’s beams, 
girders, columns, connections, and footings, 
bringing together all of their quantitative 
skills that they learned throughout the quar-
ter. Because of this project’s loose descrip-
tion, it is as much as the students make of 
it. For some students, the structural organi-
zation leads the overall concept for the 
building’s form and for others, they com-
plete additional research for some of the 
calculations. Both of these projects encour-
age the students to think outside of the box 
in a class that is typically concerned with 
how one keeps the box up. 

To teach the fundamentals for this struc-
tures course, I have integrated quantitative 
and qualitative approaches through the 
creation of these projects. I feel that this 
fundamental approach can be applied to all 
of the architectural support courses. By un-
derstanding the fundamentals and integrat-
ing them into design, architects can retake 
the leadership position in the design proc-
ess. This will establish the architect as the 
form-maker; one who can provide a com-
prehensive aesthetic solution to a building 
while still allows consultants to perform the 
specifics of their tasks.  
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 “…Desire to borrow tools and tech-
niques from elsewhere can only be satisfied 
effectively  when we fracture inviolable 
discipline boundaries, a change requiring a 
significant cultural shift.” 
      
    -Mark Burry1  
 
Every good designer has realized that an 
idea alone, no matter how potent or innova-
tive it may be, is unable to develop into a 
successful project without both an under-

standing of the design’s dynamics, and ulti-
mately the ability to express the design to 
others.  It is at the intersection of these fac-
ets that first year design students often face 
their greatest obstacle.  Neither familiar with 
how the idea may be brought to reality, nor 
skilled in the proper conventions of articula-
tion, these students become overwhelmed.   
Yet specifically in architecture, the tradi-
tional pedagogic paradigm for the synergy 
of these elements has relied on experience, 
exposure, and development over time.  

 
Figure 1: A sampling of projects from a typical first year architecture program that do not directly integrate with each 
other.  (From left to right) A design studio investigation in architectonic form, a residential building construction exer-
cise, and a digital case study model introduce discrete facets of an architectural education.2 
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Worse still, many academics and profes-
sionals alike lament the “compartmentaliza-
tion” of knowledge that has plagued design 
education over the past two decades, still 
hoping to see a more holistic and integrated 
perspective.3   A change in design peda-
gogy is required.  Rather than see Design 
as autonomous and “above” the other 
courses they take, first year design students 
must approach Design as an intersection 
and culmination of all courses in their pre-
scribed curriculum.  Recent modifications to 
the first year program at our school of archi-
tecture have brought about a paradigm shift, 
integrating multiple facets (design, technical 
construction, and digital design and presen-
tation knowledge) to be considered simulta-
neously rather than autonomously.  This 
paper will discuss how a coordinated, inte-
grated approach to architectural design for 
beginning students was implemented by 
following a specific joint project that epito-
mized the process. 
 
The motivation behind this divergence from 
traditional design pedagogies comes from 
the desire to integrate a wider spectrum of 
tools, knowledge, and techniques to assist 
first year students in realizing a higher level 
of design excellence.  Far too often first 
year design students are only able to de-
velop their work to an underdeveloped state 
due to unfamiliarity with a certain production 
practices and often also because of a lack 
of an adequate foundation in proper expres-
sion and technology.  The two courses 
taught in the first year program which this 
paper investigates are building construction 
and digital visual communication.  Though 
traditionally segregated from design studio, 
these courses were coordinated to supple-
ment the students’ design process.  The 
annual Steel Structures Education Founda-
tion (SSEF) student design competition pro-
vided an excellent opportunity to instigate, 
and subsequently illustrate the success of 
this pedagogical shift. 
 
The SSEF competition embraces the ideals 
of an integrative design process whereby 
students draw on knowledge in structures, 

fabrication, and materiality in exploring their 
conceptual design.4 Students were required 
to design a single span pedestrian bridge 
that not only met aesthetic objectives and 
expression, but also had to exhibit proper 
building construction knowledge and steel 
detailing.  To cater to these design objec-
tives, pertinent courses were coordinated to 
ensure students would design with technical 
as well as execution considerations.  The 
bridge was not simply a design exercise; 
rather it was the convergence of several 
disciplines.   
 
The first aspect of the project students had 
to face was the design itself.  Unlike many 
early formative design projects adopted in 
design studio courses (such as explorations 
in patterns, light, or massing), the SSEF 
bridge required students to address a func-
tion as well as a form.  Students conceptual-
ized their designs in sketches and quick 
models.  One previous exercise in their par-
allel design studio required students to sus-
pend the weight of a large ball steel bearing 
using thin wooden dowels, thread, and glue.  
Many students learned (with a resounding 
crash) that the laws of physics can be the 
harshest design critics.  Rather than imme-
diately focusing on traditional fundamental 
aspects of architectural design studio such 
as scale or functional programming, it was 
invaluable for students to begin experiment-
ing with how structures work in a design 
context.  Far too often is this neglected at 
an introductory level and perpetuated into 
the industry.5  By intersecting knowledge 
from other “non-design” courses with their 
SSEF designs, students would ideally come 
to understand the curriculum as intact rather 
than in disparate elements. 
 
The building construction course covers a 
wide spectrum of material ranging from ma-
sonry to building code with an inclination 
towards residential construction practice.  
Despite this, many students in the past have 
neglected to apply such knowledge in their 
residential design studio projects and were 
met with severe criticism.  Within the coor-
dinated building construction course, a deep 
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investigation into steel detailing, construc-
tion techniques, and modern precedents 
were stressed over traditionally discussed 
topics such as material overlapping with 
other courses (the historical development of 
metal in architecture) and overly technical 
aspects  
(engineering specifications).  Emphasis on 
the nature of steel including its modularity of 
fabrication, rapid erection procedures, 
strength of components, and the opportunity 
for architectural expression, encouraged 
students to consider these aspects for their 
entries into the SSEF bridge competition.  
Clearly a focus was put on integrating the 
knowledge to the students’ designs rather 
than “learning in a vacuum”.  Traditionally a 
large problem many first year design stu-
dents face in design (both in studio and in 
the industry) is the credulous optimism with 
which their designs begin, only to have it 
dashed by the realities of technical details.7  

If one of the largest problems facing first 
year design students, specifically in archi-
tecture, is the jarring leap they must take 
when leaving academia for entry into the 
industry, then the adoption of an integrated 
interdisciplinary teaching approach is abso-
lutely critical.   
 
The digital communication and design 
course was coordinated with the students’ 
design process and building construction 
course.  Conventionally similar courses in-
struct students on the use of computers as 
a tool for expressing a resolved design 
(whether one of their own or as a case 
study) through two and three-dimensional 
representation at varying degrees of photo-
realism.  However the true power of com-
puting is its potential as a design tool.  De-
spite the shift of industry and pioneering 
academics to do so, most design schools 
fail to capitalize on this ability.8  Perhaps out 

 

Figure 2: Students investigate aspects of form and function in a pragmatic structure design exercise.6 
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of fear that students will become restricted 
in their early design process or seduced by 
imagery over substance, computer use has 
been a divisive issue among many design  
instructors.  For decades advocates of CAD 
have bewailed the fact that it has been rele-
gated to generate imagery alone because 
many traditional instructors refuse computer 
use on such a premise.10  Within this course 
not only was there instruction on traditional 
means of CAD (computer aided/assisted 
design), rendering, and photo manipulation, 
but also a focus on the potential of iterative 
component design.  Students could develop 
their relatively primitive structural investiga-
tions at a higher level in CAD and articulate 
the finer details and assembly of connec-
tions without physically constructing them.  
The introduction of CAD has often been re-
ferred to as “one of the most radical shifts in 
architectural history concerning their im-
mense formal and procedural implica-

tions”.11  The digital realm also afforded stu-
dents the ability to constantly update, ex-
periment, and alter their designs through the 
use of parametric tools.  In addition to de-
signing their work in CAD, the quick visuali-
zation with OpenGL rendering enabled stu-
dents to view their details in real-time, from 
all angles.  In doing so, students could criti-
cally see how their bridge detailing worked 
(or did not work) and appreciate the process 
of assembly by rotating and zooming in to 
parts of their model.  With the ability to gen-
erate a finer rendered output with Quicktime 
VRML’s, students were able to not only 
visualize the massing and form of their de-
sign but also investigate different qualities of 
materiality and lighting traditionally very dif-
ficult to translate with conventional studio 
techniques.   
 
This process opened up the potential for 
students to use digital media in a multitude 

 
Figure 3: Emphasis on detailing and properties of steel in building construction courses fostered a higher degree of 
creative comfort for Beginning Design students in their design process.9 
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of design applications from conceptualiza-
tion to presentation.  Furthermore, rather 
than learning basic commands in various 
applications, students were able to use 
these skills in preparing their final presenta-
tion.  As the SSEF competition required 
submissions of the design in context, stu-
dents readily used their knowledge in digital 
photo montaging to situate their projects in 
a specific location and activity.  Layout and 
presentation boards were generated for the 
SSEF entries with applications students had 
learned in the digital visual communication 
course. 
 
Ultimately the coordinated integrated design 
approach proved to be a remarkable suc-
cess where the class had achieved the 
highest overall averages in both building 
construction and digital visual communica-
tion in years – as a direct result of the high 
quality of the integrated approach as re-
flected in this, their final term project.  The 

higher volume of output and quality of work 
were all clearly a result of students’ avid in-
terest in what they were studying.  The stu-
dents understood the significance the multi-
ple intersections their design endeavors had 
made with knowledge from other courses.  
The convergence of knowledge proved to 
be both an academic and competitive suc-
cess.  The national competition has steadily 
seen an increase in participants and though 
official registration into the competition was 
not mandated from any course, nearly all 
the students involved in the integrated de-
sign curriculum chose to enter the official 
competition.  When the bridge designs were 
juried for this national competition, half of 
the top eight entries were Beginning Design 
students from this program whose projects 
were the direct result of the integrated 
coursework. The other finalists were pre-
dominantly 3rd year and higher students.  
Some of these first year students’ projects 
are to be published in an upcoming CAD 

 
Figure 4:  Modifications to the digital visual communication curriculum focused on the use of computing as a tool for 
design rather than simply representation.12 
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journal.13  The coordinated, integrated de-
sign curriculum was a resounding success.  
Building upon the successes of the past 
2005 SSEF results, the students entered in 
the 2006 SSEF once again competed 
against, and beat out several upper year 
students from other universities and col-
leges.   
 
In this modification of traditional architec-
tural design pedagogies, first year design 
students were simultaneously taught design 
principles, building construction, and archi-
tectural media in an integrated format. Only 
through coordination between building con-
struction and architectural media courses 
was the success of the students’ designs 

possible.  Whereas within traditional peda-
gogical systems that tended to compart-
mentalize curriculum, students would often 
be exposed to indirect material in other 
courses, this integrated design approach 
strived to coordinate information on visuali-
zation and presentation techniques and 
technical construction knowledge with the 
design and detailing as a central point of 
focus.  This exemplifies the paradigm many 
design academics and practitioners have 
been calling for - “the falling boundaries 
razed by a partnership” which are the un-
derpinnings for the development of this ap-
proach.14  In this instance the boundaries 
between design and other coursework were 
broken by a bridge. 
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Introduction 

Current architecture curricula generally 
make mention of the need to integrate tech-
nology and design coursework.  After a 
generation in which representation pushed 
technology aside in design studios, practi-
tioners, students, and faculty today recog-
nize—hopefully—that the problems we face 
in building today demand a more fully com-
prehensive approach to resource efficiency 
and building performance.  At the same 
time, we have a new set of tools—both ma-
terials and design processes—that should 
make this sort of design engineering easier.   

Iowa State has, like most other schools, 
looked carefully at how we might encourage 
students to take a more integrative ap-
proach, to see technology as a vital element 
in not only getting things done, but also in 
conceiving designs. Circumstances have 
pushed us toward two apparently unique 
solutions, both of which have given us in-
sight into the links between design and 
technology courses, and the learning styles 
they require and suggest.  These two cur-
ricular innovations have led to demonstrable 
changes in our department’s culture; tech-
nology has been mainstreamed as both a 
subdiscipline and as a conceptual center for 
much of our teaching at the graduate and 
undergraduate level. 

The unique circumstances involved both 
faculty hiring and NAAB-led changes in our 
department’s offerings.  Major changes to 
the faculty and departmental administration 
in 2000 introduced new personnel, several 
of whom had come from practice seeking 

mid-career moves.  This gave us—almost 
by accident—a group of so-called ‘utility in-
fielders’ who could move easily between 
design and technology courses, where their 
expertise lay, and history and theory 
courses, where their research agendas 
were heading.  At the same time, we had 
two major curricular changes—the introduc-
tion of a dedicated Comprehensive Design 
semester to our B.Arch. program, as per 
NAAB standards, and the complete over-
haul of our M.Arch. program, based on a 
desire to reconstitute the program to focus 
on what we call ‘critical practice’.  Blending 
new requirements with an existing urban 
design studio led to a uniquely productive 
approach in the former case, while in the 
latter an opportunity to re-think the tradi-
tional ‘tech’ curriculum from first principles 
led to what we believe is a profound im-
provement on technology pedagogy, one 
that accommodates the wide variety of 
learning styles found in a first professional 
degree program such as ours. 

In both cases, there are lessons to be 
learned from the admittedly young results.  
By ‘pushing’ technology out of the lecture 
hall and into the design studio in the gradu-
ate program, and by ‘pulling’ it into studio in 
our Comprehensive Design semester, stu-
dents report an amplified appreciation for 
these linkages and overlaps, and that their 
understanding of architecture as an inher-
ently interdisciplinary practice has been nur-
tured by these experiences. 
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PUSH—Graduate SCI-TECH 

In 2003 an ad hoc group of faculty was 
charged with reviving what had become a 
moribund graduate program.  We took this 
opportunity to rebuild, from scratch, a pro-
gram that would be both pragmatic and ide-
alistic, and we focused on a model that 
could connect practice with society, culture, 
and the environment as our three primary 
issues of focus.  However, we were con-
cerned that these issues be addressed 
throughout the curriculum, and not in sub-
disciplinary ‘silos.’  Therefore, particularly in 
the initial two years of the three-year pro-
gram, we proposed a tripod structure.  
Rather than repeating the common format 
of a massively credited studio with a large 
number of smaller, less credit-intensive 
classes, we proposed three courses with 
equal credit hours—a five-credit design stu-
dio, a five credit Seminar, and a five credit 
science and technology course.  This last 
course, dubbed SCI-TECH, was charged 
not only with delivering the requisite NAAB-
mandated technology work, but also with 
drawing connections between that work, the 
other two classes, and the primary themes 
of the program. 

Because our program is a first professional 
degree, our pedagogy for SCI-TECH had to 
be flexible.  Our students have a wide vari-
ety of backgrounds, from jazz musician to 
psychiatric nurse, and from civil engineer to 
neurosurgeon.  We therefore had to find 
ways to appeal to a number of different 
learning styles, to a range of mathematical 
abilities, and to a range, frankly, of interest 
levels in more technical material.  Jason 
Alread and I were given responsibility for 
developing this coursework, but it has been 
productively and consistently challenged by 
the other members of the faculty, and the 
result is, we believe, a unique and success-
ful delivery strategy. 

Fundamentally, SCI-TECH can be de-
scribed as a spiral ramp.  We move be-
tween four basic areas—human factors, 
structural design, environmental response, 

and materials.  Each of these are revisited 
in the four-course sequence, and we have 
intentionally layered these themes so that, 
for instance, materials-based course mod-
ules on steel and concrete can occur near 
those on beam design, and those on alumi-
num near curtain walls.  Throughout, we 
emphasize socially and environmentally re-
sponsible practice.  Materials coursework 
constantly emphasizes issues of embodied 
energy, for example, while building codes 
are discussed in the context of ethics versus 
efficiency.  Coursework is also tied to the 
other two major course elements—
anthropometric design, or design for people, 
is paired with a studio project to redesign 
the working or meeting space, while a 
summary of structural design topics in-
cludes a history of Chicago School architec-
ture designed to tie into a field trip in that 
term’s history and culture-based seminar.  
This emphasis on the interconnectedness of 
the four technical themes amongst them-
selves, and to the curriculum’s other two 
areas of study, enables students to under-
stand the fluid roles of technique and per-
formance. 

Day-to-day, SCI-TECH is structured to ap-
peal to varying learning styles and mathe-
matical abilities.  We typically organize 
themes into one-week modules, making 
them interchangeable as the course struc-
ture evolves.  Mondays are typically de-
voted to pure lecture setups, although the 
small size of our classes—12 to 16 stu-
dents, makes even these feel more like 
seminars.  Students are encouraged to 
raise issues and to ask questions during the 
lectures, and this size enables a comfort 
level with discussion that has led to a much 
more free-flowing dialogue between faculty 
and students, and often amongst students 
themselves.  Wednesdays are generally 
dedicated to either case studies or exam-
ples, connecting the historical and theoreti-
cal emphasis of the Monday classes to real-
world situations.  Here, we take advantage 
of SmartBoard technology that permits the 
integration of written and graphic informa-
tion.  Multi-page displays enable us to go 
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through examples in great depth, or to 
quickly copy base information for use in re-
lated examples.  During our week on Mo-
ment of Inertia, for example, one of the most 
challenging structural concepts to absorb, 
we calculate I for various depths, widths, 
and thicknesses of material, adjusting a set 
of basic, shared dimensions with each ex-
ample.  SmartBoard enables us to go back 
and forth between pages, comparing the 
results for small variations in dimensional 
conditions. 

On Fridays, students engage the topic to 
hand with a ‘laboratory’ session, where we 
physically test the basic principles that 
we’ve covered during the week in an intui-
tive, hands-on fashion.  Sometimes this in-
volves a field trip—to a local water tower 
fabrication shop during the steel classes, for 
instance—but the signature experiences of 
the sequence are definitely those where we 
test principles of architectural science using 
scaled-down situations.  To emphasize the 
role of moisture on human comfort, for ex-
ample, the students build a ‘swamp cooler’ 
with a wet towel and a fan, experiencing the 
cooling effect of the evaporating moisture.  
During structural design weeks, we illustrate 

complex theoretical ideas by building 
beams, columns, and frames out of chip-
board and basswood.  We then test these 
for various aspects of structural sufficiency 
using both scientific weights and, for larger 
assemblies, donated Sweet’s catalogues.  
We keep an intentionally light tone during 
these labs, with students naming their con-
structions and keeping ‘score’ to see which 
teams can build the strongest, the lightest, 
and the best looking test subjects.  These 
labs are consistently noted by students in 
end-of-course evaluations as the course 
sessions that really ‘brought home’ the ab-
stract theoretical material we’ve covered 
earlier in the week. 

As important as the course logistics, our 
working relationship with studio instructors 
has allowed students to put SCI-TECH 
coursework into ‘play’ right away.  Even in 
the first semester, studio coursework is 

 

 

Fig. 1.  Smartboard “index” summary of structural 
shapes.  Common parameters are used to emphasize 
the importance of sectional location in figuring Mo-
ment of Inertia. 

 

 

Fig. 2.  “Laboratory testing” of a cardboard beam 
shape using Sweet’s Catalogues. 
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tuned to allow students to explore issues of 
anthropomorphics, circulation, and elemen-
tary solar design.  Later studios add re-
quirements for structural design, environ-
mental response, and code compliance as 
these issues come up in SCI-TECH, and the 
two instructors are regularly included on 
project reviews to help bring technical is-
sues into the mainstream of design course-
work. 

Fig. 3.  SCI-TECH problem solving using Smartboard. 

The approach we have adopted for SCI-
TECH has formed the basis for a new text-
book, to be published this Fall by El-
sevier/Architectural Press, entitled Design-
Tech: Building Science for Architects.  This 
book will be organized as both a stand-
alone textbook, and as a studio reference, 
with material organized to match the typical 
pace of a studio project—covering in turn 
site and program analysis, circulation, struc-
tural design, environmental response, and 
detailing.  Throughout, our emphasis is that 
of the SCI-TECH sequence, seeing tech-
nology’s connections to design, to history, 
and to social factors as primary issues in 
connecting the ‘how’ of building with 
broader questions of ‘why’. 

Pull—The Montreal Project 

By happy coincidence, we have adopted 
precisely the opposite strategy in our un-
dergraduate program.  Where SCI-TECH 
‘pushes’ technology out of the classroom 

and into studio, our comprehensive design 
studio ‘pulls’ technology into student design 
work by means of a structured approach 
that relates technical issues to socio-cultural 
and aesthetic values, that provides a ‘scaf-
fold’ to ensure that students address these 
issues at appropriate times during the se-
mester, and that uses an intentionally diffi-
cult program and a provocative site to bring 
these issues to the forefront. 

In 2001, after feedback from our last NAAB 
accreditation visit, we recognized the need 
to create a dedicated Comprehensive De-
sign project.  We initially looked at three op-
tions: a dedicated ‘tech’ studio, revising the 
requirements for what was then our fifth 
year Diploma Project, and reconfiguring our 
technology course sequence to include 
space for a purely ‘tech’ driven project.   

For various reasons, none of these options 
appealed to our desire for a truly integrative 
experience.  In particular, we reacted 
against the idea of Comprehensive Design 
being shuttered away in our tech sequence, 
and against the idea that our largely theo-
retically-based Diploma Project might have 
a few desultory requirements tacked on.  
Instead, we looked at the possibility of radi-
cally expanding our existing fourth year stu-
dio. What is now the ‘Montreal Project’ be-
gan as an urban design studio that focused 
on sites in complex urban environments 
with diverse cultural influences; New Or-
leans and Montreal were cities chosen for 
their unique manifestations of urban forms 
that showed  the influence of French design 
and planning. Looking at this existing studio, 
Matt Fisher and I wondered whether we 
could make “Comprehensive Design” truly 
comprehensive, requiring students to re-
spond to technical issues not in isolation, 
but within the mix of urban, civic, represen-
tational and contextual concerns that the 
Montreal project had provided.  We realized 
that this could give us an opportunity to talk 
about technology in context, to see the 
links, for example, between façade strate-
gies and climatically-based building tradi-
tions, between structure and street-front 
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‘patterning,’ between internal circulation and 
urban pedestrian routes.  Working with a 
hybrid faculty team—half of them veterans 
of the urban design studio, the other half 
more technology-based—we expanded the 
existing program for a digital research labo-
ratory with new requirements dealing explic-
itly with life safety, structure, enclosure and 
environmental response. Other aspects of 
the earlier studio remained; students were 
required to respond in meaningful ways to 
the immediate urban context and to larger 
issues of identity and culture that are em-
bedded in the character of Montreal.  That 
first group responded enthusiastically to the 
challenge, leading us to further expand the 
requirements for the program, and to begin 
to develop additional coursework that would 
further ‘pull’ these issues into the studio. 

The result was a workshop course dedi-
cated to supporting the notion of ‘integrated 
design’ in the studio.  This course is an op-
tional 3-credit class that can be taken in 
conjunction with the design studio.  We 
cover six major topics in a sequence that 
parallels what we believe students should 
be focusing on at various stages in their 
semester-long design projects’ evolution: 
Program Analysis, Site Analysis, Circula-
tion, Structure, Environment, and Cladding. 
For each segment, we offer ‘refresher’ 
classes that emphasize practical applica-
tions, we take students through a handful of 
case studies that show not only how these 
elements are ‘solved,’ but also how they can 
inform and influence design, and we invite 
students to present their own design pro-
jects, offering group critiques in smaller set-
tings.  Students are required to submit three 
‘client binders’ throughout the semester 
showing how each of these six themes are 
incorporated in their design work, with an 
emphasis on graphic and textual explana-
tion.  These binders are also typically used 
during studio reviews, and the diagramming 
exercises they incorporate have proven to 
be valuable tools not only for presentation, 
but also for refining designs throughout the 
semester.  

In studio, the Montreal Project has evolved 
into a flagship semester for our program.  
We have changed the site roughly every 
other year, and have modified and altered 
the program to both clarify the structural is-
sues we want students to grapple with, and 
to emphasize the civic nature of the studio.  
Currently, the program is for a ‘Media-
theque’ incorporating long-span cinema 
spaces, multiple levels of heavily loaded 
book stacks, light-sensitive digital media 
spaces, and significant public areas that 
must relate meaningfully to the dense sur-
roundings.  Beneath all of this, the program 
asks for just enough parking to efficiently 
cover the site, forcing students to balance 

 

Fig. 4.  Pages from ‘client binder’ submitted for the 
Montreal studio’s ‘scaffold’ class.  Alissa MacInnes. 
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the complexity upstairs with the need for a 
regular grid below. 

All of this technical work, however, must be 
seen within the context of Montreal.  We 
take the group there about five weeks into 
the term—long enough that students will 
have made preliminary studies into the pro-
gram, and some initial guesses as to its 
massing on the site.  We spend four days in 
Montreal, documenting the site, but also 
experiencing the city’s unique architectural 
heritage, its rich mixture of cultures and lan-
guages, and its intense nightlife.  Almost 
invariably, students’ projects are profoundly 
influenced by the experience of seeing 
Montreal first hand, and the diagrammatic 
‘solutions’ to the program very quickly take 
on real meaning after the trip, as students 
try to balance those objective needs with 
the very understandable desire for their 
schemes to acknowledge and support the 
vibrant city life they’ve seen. 

The Montreal Project has evolved its own 
unique studio culture, which supports its 
foundational ideals of integration.  In par-
ticular, the project has become a predomi-
nantly collaborative one, with students pair-
ing up for the semester.  This is helpful 
given the intensive requirements that we’ve 
developed, including ones for large 1:50 
section models, but interestingly it has also 
led to students recognizing the inherent 

benefits to discussion and debate within the 
design team.  Very often, students will pair 
up based not on similar skill sets or values, 
but on conscientiously different ones; a 
‘tech-head’ will often seek out a skilled de-
signer and vice versa.  Needless to say, 
these are often the most rewarding and 
most successful collaborations.  This sense 
of interdisciplinary collaboration extends to 
the faculty; our backgrounds range from 
practice to history and theory, and we con-
scientiously employ one another’s expertise 
as guest reviewers, lecturers in the work-
shop course, and tour guides in Montreal.  
Likewise, we make sure to arrange midterm 
and final reviews with juries composed of 
various backgrounds and interests, drawing 
on professionals from Chicago, Des Moines, 
Minneapolis and Kansas City, but also li-
brary directors from campus and nearby 
cities, historians, theorists, and even phi-
losophers.  Students know that they must 
respond to the multitude of interests and 
values that these groups represent, and 

 

Fig. 5.  1:200 site model, Mediatheque du Montreal 
project.  Tonia Sorenson & Kristin Jensen. 

 

Fig. 6.  1:50 detail model, Mediatheque du Montreal.  
Jason De Vries & Ben Foth. 
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typically respond with projects that demon-
strate their agility as designers alongside 
their mastery of technical issues. 

Student assessment takes place on an indi-
vidual basis with studio instructors, but we 
have also instituted a group walk-through 
after reviews to discuss, as a faculty, the 
semester’s projects and ways in which the 
studio might improve either logistically or 
pedagogically.  This allows us to learn from 
one another’s experiments in scheduling, 
review requirements, or in-class exercises.  
Feedback from students via the University’s 
evaluation process is typically supple-
mented by written questionnaires.  In gen-
eral, we have been consistently surprised at 
our students’ enthusiasm for the challenge 
level of the project—most report that the 
studio is not only the hardest one they’ve 
had, but also that they feel the project is 
their strongest work to date.  Numerical 
feedback in the fifteen categories measured 
by Iowa State has been higher than colle-
giate and University averages by an aver-
age of 10%.  Perhaps more importantly, re-
cent graduates tend to report that the Mont-
real project most closely resembles the ho-
listic thinking that is required in practice. 

Conclusions and Future  
Experimentation 

We believe our two-fold experience in link-
ing technology and design may hold impor-
tant lessons for pedagogy in both areas.  In 
particular, we have been impressed by how 
positively students have reacted to course-
work that conscientiously demonstrates how 
technology can be applied to—and how it 
can inform—architectural design.  Our ex-
perience in SCI-TECH has suggested that 
the depth of traditional technology curricula 
can be productively shifted towards an em-
phasis on breadth.  Such a re-focusing re-
flects both the wide availability of expertise 
in engineering and construction to the pro-
fession today, and the discipline’s own shift 
toward more holistic, integrative roles.  
Amongst students, this has obvious benefits 
for those whose own interests and skill sets 
are more design- than tech-oriented, how-
ever we have also found that students with 
backgrounds in engineering and physics 
enjoy and are challenged by the need to 
connect what might be familiar knowledge 
to design situations.  Likewise, we have 
found in the Montreal project that design 
studios can productively incorporate rigor-
ous technical requirements if students are 
supported in their efforts by a thoughtful 
course structure, assistive ‘scaffold’ class-
work, and instructors who are both knowl-
edgeable and persistent in challenging pro-
jects to constantly focus on broad integra-
tion and detailed development. 

As these courses continue to evolve and 
change, we anticipate several ongoing ex-
periments to refine and improve them.  SCI-
TECH is just now undergoing a major over-
haul to try to better connect various course 
units.  Students have pointed out that con-
stant shifts in emphasis can be confusing 
rather than integrative, and we have thus 
attempted to re-organize the offerings in 
larger groups of about 5-6 weeks, instead of 
3-4.  Likewise we are attempting to use 
more laboratory and field trip sessions, as 
students consistently report that these are 

 

Fig. 7.  The field trip to Montreal includes walking 
tours of significant precedents in integrated design 
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the most useful elements in terms of under-
standing real-world applications and devel-
oping intuitive appreciations for how theo-
retical information can connect with design 
work.  The Montreal project, meanwhile, is 
due for a programmatic overhaul, as the 
Mediatheque problem is now familiar to in-
coming students each year.  We have dis-
cussed the possibility of changing to a long-
span problem, or to a similar institutional 
problem but with a different program.  We 
are also re-designing the ‘scaffold’ course to 
incorporate a broader mix of studio faculty, 
in response to suggestions from students 
that the course is too tightly annexed to in-
dividual studio professors’ schedules, in 
particular. 

These refinements are, however, ultimately 
tactical, and we continue to believe in the 
pedagogical strategies for both SCI-TECH 
and the Montreal project.  Both elements 
have helped bring technology into the main-
stream of our graduate and undergraduate 
programs, and both have demonstrated 
convincingly that technology might be best 
discussed as an adjunct or partner to design 
studios, where conceptual and pragmatic 
information can be tested and applied right 
away.  Moving from the lecture hall to the 
studio and the laboratory table has been an 
important element in Iowa State’s curricu-
lum.  We believe it has the potential to serve 
as a model for other programs interested in 
transitioning from traditional modes of tech-
nology coursework to ones that might better 
serve students whose mid-career point will 
be somewhere around 2030, when integra-
tion, sustainability, and high performance 
will have moved beyond buzzwords and will, 
instead, be crucial aspects of everyday 
practice.  



 Case Studies in Studio-based Learning 251 

 

Case Studies in Studio-based Learning 
Bruce Lonnman 
American University of Sharjah 

 

Introduction 

Precedent research in design has a long 
history in studio teaching and is sometimes 
used as a first assignment to jump-start a 
design project and provide students with 
some basic knowledge and visual refer-
ences pertaining to the problem. In the 
study of structure, precedent or case study 
research can be extended as a methodol-
ogy encompassing a wide range of activities 
including structural behavior model studies, 
hypothetical transformations of structural 
assemblies, visual analyses of form, as well 
as the use of quantitative analysis to under-
stand or verify structural design assump-
tions. In fact, the use of carefully selected, 
well-documented case studies can support 
the active-learning environment of the de-
sign studio in a number of useful ways that 
focus on building structure and its relation-
ship to other design considerations.  

Active Learning in Design  Education 

Active learning is a term that has come to 
describe the unique approach to design 
education that architecture schools have 
long embraced. The studio setting, which is 
key to this approach, is part lab, part class-
room. Sometimes it simulates a design of-
fice, while at other times it is a place for tu-
torial exchange. More often it is akin to a 
workshop. It operates under a different 
premise than a typical classroom. It is a 
place where learning occurs in the context 
of problem solving and the making of things 
(or of the making of representations of 
things to be built). In Donald Schon’s termi-
nology, the studio “is a kind of practicum, a 
virtual world that represents the real world 

of practice but is relatively free of the pres-
sures, distractions, and risks of the latter” 
(Schon, 17).  

Mark Gelernter provides insight into the na-
ture of studio-based education and how it 
differs from the conventional university 
model typified by the lecture hall and based 
on a positivist view of objective knowledge 
and the scientific method.  Positivism 
viewed education as a passive activity, one 
in which the primary goal was transmitting 
to students the objective facts discovered 
through empirical research. Architectural 
education on the other hand has been 
shaped by alternative theories of learning 
(e.g. John Dewey and Jean Piaget) that 
emphasize the active role of the individual in 
constructing a “self knowledge” based on 
perceived usefulness (Gelernter, 284). The 
differences between these two forms of 
education is striking and helps to explain the 
difficulty students encounter adjusting be-
tween studio courses and the various non-
studio classes that generally follow the posi-
tivist, lecture-based model of passive learn-
ing. 
 
In a design studio, learning is instigated and 
directed by a problem, normally a building 
design project. Students are challenged to 
create a solution that addresses many 
separate and sometimes conflicting issues. 
Fundamental to this process is the genera-
tion of a hypothesis. A hypothesis in archi-
tecture is a design proposal, a three-
dimensional form that is tested for its suit-
ability in meeting the conditions of the prob-
lem. These conditions range from objective 
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facts such as area requirements of the brief 
or conformance with the laws of gravity, to 
more subjective criteria related to expres-
sion and aesthetic character. 

This aspect of the design process involves a 
kind of visual speculation that is guided by 
experience and knowledge. Obviously, with 
practice and the acquisition of knowledge 
one becomes better at generating workable 
design alternatives. The paradox for the de-
sign student, however, is that to learn how 
to design it must be attempted and gener-
ally the student lacks the requisite knowl-
edge and skill needed to create an accept-
able design proposal. This usually leads to 
frustration and immobility. To overcome this 
impasse a student needs to be coached 
through the process. The design critic fulfills 
this role either by example or through di-
rected actions (e.g. “create a simple mass-
ing model of the major volumes”). A second 
form of design aid is through the introduc-
tion of specific knowledge that can provide 
resource material to serve as a point of de-
parture. This might be in the form of a par-
ticular design precedent or a set of typologi-
cal components (e.g. various long span 
structural systems) relevant to the problem. 
 
Despite the advantage that knowledge or 
‘content’ might seem to offer in assisting the 
design process, many studio critics resist 
this approach. Some maintain a traditional 
view that studio focus exclusively on the 
synthetic aspect of design and assume that 
relevant knowledge is obtained in non-
studio courses. In this approach a student 
working on a design project and faced with 
the need to select and configure a structural 
system would rely on the knowledge gained 
in a separate course on structures or build-
ing technology. The timing of such a course 
as well as the relevance of the course con-
tent typically do not match the studio re-
quirements. Objective knowledge or facts 
learned in a passive context and not applied 
to problem solving are quickly forgotten. 
Also the constant revision and shifting of 
curriculums as well as the migration of stu-
dio teachers between levels further erodes 

the possibility of establishing coordination 
and continuity. 
 
On the other hand, a design curriculum that 
adopts the studio-based learning model ex-
clusively must carefully outline the se-
quence and content of studios to insure that 
a minimum level of skill, knowledge, and 
conceptual understanding required for pro-
fessional competency (e.g. the topics identi-
fied by NAAB) is provided to all students. 
Studio projects would need to be designed 
to meet learning objectives across the cur-
riculum and sequenced accordingly. The 
difficulty of implementing such a scheme 
probably makes a total studio curriculum 
unachievable. On a limited scale, Ed Allen’s 
description of a second and parallel studio 
for technical teaching is an experiment in 
incorporating technical content into a design 
studio setting (Allen). Despite the advan-
tages of this approach, it is improbable that 
any program would devote the manpower 
resources required to convert large lecture 
class teaching to the relatively inefficient 
studio-based model. However the lessons 
pointed out in Allen’s essay can be incorpo-
rated into large, non-studio classes with cer-
tain adjustments and compromises. The 
essential point is that a design problem cre-
ates the need for specific knowledge to de-
velop and test a design, and that this inter-
action of knowledge acquisition and applica-
tion enhances learning.  

  

Figure 1.  The studio as a place of active learning. 
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The Case Study: Content for Design Studio 

A well chosen, carefully documented case 
study supports the design process by pro-
viding useful knowledge specific to the de-
sign problem at the time when it is most 
needed. If a case study is made by students 
in the context of a design problem they are 
working on, it takes on a role much different 
than a research assignment in a non-design 
oriented course. The value of knowledge 
gained in the exercise becomes clear as 
students make the connection between a 
hypothetical design project and an actual 
built design. Most important, the exercise of 
making the case study is a valuable teach-
ing opportunity that provides the design in-
structor a chance to discuss the relevance 
and relationship of specific issues (e.g. 
building technology) to the design problem 
at hand. In addition, a rigorous examination 
of a built work will inform an understanding 
of the design process itself. learning.  

The Tectonic Case Study:         
Integrating Technology and Design 

The following is a description of a case 
study exercise used in a mid-level architec-
tural design studio focused on building 
technology, specifically structure and enve-
lope.1 Emphasis on exposed well-detailed 
structures, materials, and their expression 
led to the assignment being called the Tec-
tonic Case Study. Although the technical 
aspects of the case study project are high-
lighted, documentation and analysis of the 
building design is not restricted to these is-
sues. 
 
In the first phase of the assignment students 
form teams and select a case study from a 
list of available choices. The list is com-
posed of contemporary built works that have 
certain characteristics coinciding with topics 
explored in studio design project. 
These include:  
 
1) medium to long-span roof design.   
2)  repetitive structural bay system.   

3)  structural framing and assembly.  
4)  natural lighting and/or passive environ-     

mental design features. 
 
Additionally each case study must have ex-
cellent documentation such as detailed 
plans and building sections, extensive 
views, development drawings of key details, 
etc. The availability of documentation is the 
first issue considered. Books, journals and 
other publications containing information are 
reserved. In some cases construction 
document sets are used. The last criterion is 
that the case study should be an exemplary 
building design. Typically the availability of 
documentation through monographs and 
high quality journals ensures that selected 
projects are all recognized for their design 
excellence. 
 

  

Figure 2.  Study model (Moundstand Lords Cricket 
Stadium, Michael Hopkins Architects.) Golsa Naghi-
zadeh and Sanez Malek. 
 
With resources at hand in the studio, the 
actual exploration of the case study begins. 
Precedent analysis requires certain skills 
that develop with practice and guidance. 
There are many techniques for investigating 
a precedent, yet perhaps the most valuable 
is asking the right questions. In studio, dis-
cussions between the team members and 
the instructor follow a format similar to a de-
sign critique. Verbal reasoning is supple-
mented by visual thinking in the form of 
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freehand drawing and sketch models. At 
this stage it is important that the instructor 
actively participate in the process by dem-
onstrating from experience how a designer 
uses drawing as a tool for exploration and 
discovery. It is worthwhile to emphasize that 
the same technique of analytical drawing is 
used in the design process to visualize, test, 
and explore potential design solutions 
whether at the scale of a parti or a construc-
tion detail. In either case freehand drawing 
should strive to be proportionally accurate 
and clearly legible. 
 
During an interview recorded on camera the 
architect Santiago Calatrava provided a 
vivid demonstration of his drawing skill 
(Adda). At one point in the film, Calatrava 
visually explains the structural system of the 
soaring entrance hall of his Satolas TGV 
Station in a series of freehand sketches that 
accurately describe the curvature and pro-
portions of the enclosure and structural ar-
mature. Throughout his career Calatrava 
has often revealed his skill in drawing. A 
study of his design drawings shows that the 
proportions and profiles of his preliminary 
structural design sketches are generally 
very close to those of the final engineered 
structures.  

  

Figure 3.  Study model (Hall 4, Hannover Exhibition.   
von Gerken, Marg, & Partners.  Engr: Jorg Schlaich)    
Abeer Khatid and Engi Gaber. 
 
Throughout the first exploratory phase stu-
dents are encouraged to create simple, dia-
grammatic models of a structural bay of the 
project. Extremely basic and reductive in 

detail, these quickly constructed sketch 
models are a necessary first step in visualiz-
ing the three-dimensional form of the struc-
tural system. Often they provide clues into 
the behavior of the system, especially with 
regard to stability. Complementing these 
physical models are three-dimensional 
drawings that articulate the structure and 
enclosure systems. These begin as free-
hand drawings and are then refined into 
layered computer-drafted digital models. 

  

Figure 4.  Cutaway Axon (Exeter Academy Athletic 
Facilities, Kallman, McKinnell & Wood. Engr. Wm. 
Lemessurier) Julie Macar and Waleed Hashim. 

A period of about two weeks is needed to 
meet with all the case study groups twice 
and uncover most of the building’s myster-
ies. Most of the basic structural issues such 
as framing, load path, means for ensuring 
lateral stability, and so forth are discussed 
and diagrammed. Likewise questions about 
the building envelope and other systems are 
addressed. What is the position of the enve-
lope relative to the structure? What does it 
consist of and how is it assembled? How 
does the design control air temperature? 
Although conversations of this type tend to 
be lengthy (and not very time efficient), the 
dialog is one of the most effective ways to 
motivate students and connect building 
technology with design. Often students from 
other teams drop in and out of the discus-
sion and pick up on comments that apply 
equally to their case study research.  
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At this stage each team begins the design 
and construction of a detailed physical 
model of a single structural bay depicting 
structure and envelope. In a real sense this 
becomes a design project as many details 
of the model, such as the depiction of con-
nections or the fabrication of formally com-
plex elements has to be studied and an ap-
propriate strategy for making it needs to be 
explored. In some cases the fabrication of a 
component will require a specially designed 
secondary device either to support or guide 
the shaping of the piece. This is a concept 
we tend to stress; that something might 
have to be designed in order to make some-
thing else. 
 

  

Figure 5.  Forming trusses. (Fuhlsbuttel Air Terminal, 
von Geran, Marg, & Partners) Pooja Satish and 
Reeny Thomas. 
 
Generally the models are constructed of 
high-density particle board (MDF) in part 
due to the precision of cutting that is possi-
ble. In some cases soldered metal tubing, 
Plexiglas, and other materials are used. The 
connection to the woodshop and the intro-
duction of hand tool and machine shop 
practices is a conscious decision to extend 
the means of exploration available to stu-
dents and further emphasize the value of 
learning by making. The size of a model is 

determined by the scale, either 1:50 or 
1:100 depending on the building’s span. A 
typical project with a 90 m span will produce 
a model of about a meter in length at a 
scale of 1:100. Building a scale model of 
this size and using materials that require 
fabrication with small tolerances and proper 
joinery is analogous in many ways to a real 
construction project. Numerous issues con-
fronted in the model design and its con-
struction are not intrinsically different from 
those that are routinely encountered on the 
job site. 

  

Figure 6.  The woodshop is an extension of the de-
sign studio. (Fabricating arches for the glass roof of 
the New Parliamentary Building, Michael Hopkins 
Architects) Tariq Nour. 

The Structural Transformation Diagram  

The structural transformation diagram is a 
tool that helps students understand the con-
cept of structural efficiency. Although most 
of the case studies have structural systems 
that are fairly legible, nearly all of the pro-
jects have some interesting innovation or 
sophisticated handling of the load path that 
can be seen as an improvement over a 
more conventional design. To begin a con-
versation about the design features that re-
sult in an efficient, highly refined structure, 
the student team attempts something like 
the equivalent of reverse engineering. The 
structural transformation diagram is an 
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imagined process of enhancement begin-
ning with the most basic form of the struc-
tural span and by stages, transforms it into 
the actual structure of the case study.  
 
A typical example is the diagram created for 
the Exeter Academy Sports Facility, an ele-
gant gymnasium center designed in the 
seventies by the firm of Kallmann Mckinnell 
and Woods. Beginning with a basic four 
column frame that defines the bay, succes-
sive structural improvements involve trans-
formation to a subdivided framing system 
with deep edge beams, replacement of the 
deep beams with open web trusses, dis-
placement of the trusses to the top side of 
the roof, transformation into 3-D trusses, 
and finally, transformation of the single col-
umn support into paired columns supporting 
each upper chord member of the truss. The 
number of “improvement” stages and the 
specific order is an aspect of the design of 
the diagram. Although the invented trans-
formation does not intend to represent the 
original engineering design process, in 
some cases it may approximate it. The real 
value of the exercise develops out of the 
discussion regarding the structural logic of 
each successive design improvement. 

Structural Behavior Performance Model  

Another parallel activity in the case study 
assignment involves an exercise in verifica-
tion of structural behavior. Termed the 
structural behavior performance model, 
each team of students identifies a structural 
behavior associated with their case study 
and designs a simple performance model 
that will visually demonstrate the assumed 
action. The choice of behavior can range 
from conditions of member stability to prov-
ing the efficiency of a member section.  
 
To enhance the visualization of the behavior 
for demonstration purposes, soft flexible 
materials such as polystyrene foam and 
cardboard are used in the model. Joints are 
simulated by various means (pins, nuts and 
bolts, wire, etc.) and loads are placed or 
hung on the model. The use of polystyrene  

  

Figure 7.  Structural Transformation Diagram. (Exeter 
Academy Athletic Facilities) J. Macar & W. Hashim 
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foam (PSF) enables large deflections to oc-
cur with small weights.2 It is also a material 
that has thickness and comes in large 
sheets (insulation), can be shaped easily 
with a hotwire, and is economical.  
 

  

Figure 8.  Testing a structural PSF behavioral model. 
Mona Ganjineh and Barrak Al-Babtain. 
 
There is no real need to make the structural 
behavior model look like the structure of the 
case study that it represents. Only that it 
has the correct characteristics so that the 
behavior can be tested. In some cases sev-
eral models are constructed so that one pa-
rameter can be modified to test the effect on 
the behavior. For example, three identical 
trusses except for the proportions of the 
panels can be made to test an assumption 
about how trusses resist shear force. Upon 
testing it becomes clear how panel propor-
tions (and the inclination of the diagonal 
member) directly influence the shear capac-
ity of the truss. 
 
This type of active participation in designing 
the test, constructing the model and the test 
setup, and finally testing the structure in 
front of the class causes this assignment to 
be the most popular project of the semester. 
The testing requires good communication 
skills on the part of the instructor if the les-
sons about structure are to be absorbed by 
the class as a whole. Students generally 
become overly concerned with the breakage 
and need to be reminded of the structural 

principles that resulted in the failure. Outlin-
ing structural relationships on the screen, 
asking the class to make predictions, and 
taking measurements and plotting results 
are some of the ways to focus students’ at-
tention on the learning how structures be-
have. Including questions about the tests on 
a quiz is also effective!  

Documentation of the Case Study 

Following the completion of the wood “Tec-
tonic Model”, the major finished product of 
the assignment, each team prepares a set 
of posters (A2 or approximately 18in x 24in) 
summarizing the research on the case 
study. Documentation of the case study 
building includes views, selected published 
drawings as well as new drawings prepared 
by the team. New constructed drawings 
vary with each project but are created to 
dissect the building in three dimensions and 
describe the systems analytically using cut-
away sections, transparent volumetrics, 
pulled apart axons, and layered digital mod-
els. Some rendered computer models are 
created to clarify systems. Representational 
renderings are discouraged unless they 
serve to illustrate the tectonic qualities of 
the design. Often the rendered view of a 
complex joint explains the logic of the de-
sign and the artistry of its production. 
 
Perhaps even more important than the 
model, the documentation of each case 
study contributes to a digital precedent re-
search document that is distributed to each 
member of the studio. This visual reference 
material provides specific examples with 
detailed analyses that are specific to the 
functional and formal characteristics of the 
new design project the studio will begin 
work on. 
 
Conclusion 

Case study or precedent research is a stan-
dard method for introducing knowledge or 
content into design studio education. The 
case study assignment provides a frame for  
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creating a foundation of knowledge appro-
priate to the task at hand. The task may be 
a design problem with greater focus on a 
limited range of issues. In the example re-
ferred to here, an emphasis is placed on 
building technology, specifically structural 
span, envelope, and passive environmental 
controls. Consequently, the Tectonic Case 
Study targets these issues and identifies a 
broad selection of contemporary buildings 
notable as exemplary works that artfully ad-
dress technical questions and provide inno-
vative design solutions. 
 

 

Figure 9.  Final Model of a Case Study. (Lyons-
Satolas TGV Station, S. Calatrava) Laila Barakeh & 
Tagoug El-Hag. 
 
In conclusion it is observed that students 
develop a passionate attachment to an in- 
depth research project focused on an ex-
emplary building of the student's choice. 
Whether the project is presented as a stu-
dio-based case study exercise or a term 
project in a structures lecture course has 
implications on the timing, schedule, and 
the form of teacher-student interaction. In 
either format, however, the commitment and 
intensity of interest on the part of the stu-
dent confirms case study learning as an ex-
cellent pedagogical method for teaching 
structures. 
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Notes: 

1 This case study assignment is given at the 
beginning of the semester in a third year 
design studio class at AUS. Third Year 
Level has approximately 32 students di-
vided into two sections taught by separate 
instructors. However, the syllabus of both 
studios is identical allowing students and 
faculty to work and teach across sections. 
The assignment lasts approximately five 
weeks and is followed by an eight week de-
sign project that addresses similar issues. 

2 The author is indebted to Richard Kellogg, 
now Emeritus Professor of Architecture  at 
the University of Arkansas for the inspiration 
of creating simple test models from  polysty-
rene foam. His research on psf model dem-
onstrations was presented at the first Struc-
tural Teachers Conference in Milwaukee, 
WI, in July,1996.    
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Figure 10.  Example of a Case Study Documentation. (Badalona Sports Hall, E. Bonell & F. Rius)  Adnan Ul Haq & 
Sevinj Kianyan. 
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Figure 11.   Case Study Final Model. (Badalona Sports Hall, E. Bonell & F. Rius)  Adnan Ul Haq & Sevinj Kianyan. 

 

 

Figure 12.  Case Study Final Models: Structural Bay, Detail Model, & Digital Model. (Financial Times Printing Facility, 
Nicolas Grimshaw & Partners)  Nour Asayed, Borzoo Mehrzad, Arash Ravari, & Sina Trama. 

 

 

 

 

 

 

 

Figure 13.  Case Study Final Model. (Waterloo Rail Station, Nicolas Grimshaw & Partners) Sawsan Al-Qasimi & 
Amar Kalo.  
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Figure 14.   Case Study Final and Study Model. (Zurich Pavilion, Le Corbusier)  Nasreen Tamimi & Amina Ahmadi.  

 

Figure 15.  Case Study Final Model. (Hall 26 Hanover Expo, Thomas Herzog & Partner) Nemat El-Suloh & Zaki Ajjawi 
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Abstract 

In The Reflective Practitioner, Donald 
Schön concluded that the “technical ration-
ality” whereby professionals passively in-
corporate new technologies should be tem-
pered by a more reflective approach which 
focuses on ‘problem setting’, rather than 
merely ‘problem solving’.  This paper pre-
sents the results of collaboration over two 
years between an undergraduate architec-
tural design studio and a structures course.  
The goal of this collaboration was to inte-
grate a structural system into a building 
where the main interior space was gener-
ated with a primary focus on daylight or the 
three-dimensional projection of a pattern. 
This approach was intended to emphasize 
the conflict between the standardized struc-
tural solution and the architectural implica-
tion of the students’ original design. This 
studio was unique in that students used 
daylight models to study complex relation-
ships between the light source and the inte-

rior surfaces which defined the space and 
the effects of light filtered through a three-
dimensional construction.  The use of large-
scale physical models to study daylight is 
not new, but they have been generally lim-
ited to building science courses.  The goal 
of this project was to help students to un-
derstand the mutability and interrelationship 
of architectural space and structural design, 
rather than imposing integration on the de-
sign process. 
 
The Reflective Practitioner 

In the February 2001 Journal of Architec-
tural Education devoted to “Technical and 
Place”, Kenneth Frampton, one of the most 
astute writers over the past three decades 
on the relationship of architectural technol-
ogy to culture, provided an introduction es-
say; Technoscience and Environmental Cul-
ture.1  Frampton opens the article with a 
quotation by R.L. Rutsky stating that  “the 
consequences of techno-cultural processes 
are not inevitable” because “in this realm, 
nothing is inherently stable, secure guaran-
teed”2.  The article attempts to come to 
terms with the role and responsibility of the 
architect in this “unstable field of continually 
fluctuating data and mediatic images”, 
which he refers to as the ‘technological sub-
lime’3.  As one solution to these problems,  
Frampton proposes the “place-form” which 
has been one of his preferred solutions 
since he first wrote on critical regionalism 
nearly a quarter of a century ago.4  In this 
article, the ‘place-form’ takes on a socio-
political dimension by contrast with the 
“productform”.  The term “productform” de-
rives from the “Swiss architect Max Bill, who 
employed it to refer to industrial design ele-
ments, which are determined by constraints 
of production rather than by ergonomic or 
functional considerations”.5  What is inter-

 
 
Figure 1.  Pattern developed into Water Tower 
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esting in this context is the way in which 
Frampton is able to relate this to the politi-
cal; by noting “the way in which such a 
technological ‘value-laden’ sensibility comes 
to be gradually incorporated into the every-
day culture may be suggested by citing the 
way in which placeconscious, sociocultural 
benefits come to be incorporated into build-
ing legislation”.6   In other words, the site-
specific place-form, in contrast to the level-
ing of sites for development is an act of re-
sistance against “the homogenizing ten-
dency of universal consumerist technology 
has the potential to become an exemplary 
work eventually influencing building legisla-
tion”.  It is not clear that this advocating of 
the place-form is more effective than the 
avante garde approach which he later criti-
cizes as ‘the continual attempts made by 
the profession, ever since these 1960’s, to 
legitimize its practice in terms of technologi-
cal fetishism’.7 
 
The significant question raised by “Tech-
noscience and Environmental Culture” 
emerges in the final section subtitled “Re-
flective Practice” in which Frampton asks 
the following; “…what should be the ethical 
role of the architect in the face of the tech-
nological sublime…?”8  Although Frampton 
provides neither a clear definition nor biblio-
graphic references as to the source of the 
term ‘technological sublime’9,  it is clear that 
the ‘technological sublime’ is not restricted 
to mediated images, but encompasses the 
broad spectrum of the problems presented 
by human development.  Acknowledging 
that architects ‘are only responsible for less 
than 10 percent of the build environment’,10 
Frampton proposies that there are ‘two 
choices facing the profession and schools of 
architecture’.11  The first, an approach the 
profession seems increasingly to adopt, is 
to embrace the technique of the spectacu-
lar.  Frampton sees this approach repre-
sented by architects seeking plastic visual 
effects derived from digital processes and 
the use of high-tech materials.  The second 
choice which represents “a more objective 
and ethically responsible alternative” is to 
“maintain a distance from the technoscience 

whirlwind without denying the potential ca-
pacity of advanced technology and the un-
avoidable effects of its influence”.12  Framp-
ton acknowledges that this second ap-
proach is based on concepts first proposed 
by Donald Schön in his 1983 book; The Re-
flective Practitioner: How Professionals 
Think in Action.   
 
The Reflective Practitioner was one of the 
most prominent and important studies of 
professional practice published in the 
1980s.  The original study focused on what 
Schön believed was a problematic dichot-
omy between scientific theory and the appli-
cation of scientific theory to practice.  As a 
sociologist responding to the increasing 
skepticism of ‘professional expertise’ by the 
general public, Schön studied several pro-
fessions to uncover what he believed was 
the underlying difference between ‘theory’ 
and ‘practice’.  The problem he saw, shared 
by all the professions, consisted of the ap-
plication of scientific theory and technique in 
instrumental problem solving, which he 
termed ‘technical rationality’.13  In his view, 
technical rationality had imposed upon pro-
fessional practice an unreflective process of 
problem ‘solving’.  Problems of choice or 
decision were inappropriately solved 
through the selection of available means, 
which resulted in pre-established ends.  
Schön believed that the ‘problem solving’ 
application of technical rationality often lead 
professionals to define the specific problem 
in terms of the available scientific theory or 
technique.  Through this emphasis on prob-
lem solving, professionals were ignoring the 
process of problem ‘setting’.  In other words, 
the process by which they predefined the 
decision to be made, the ends to be 
achieved, and the means which may be 
chosen, based on technical rationalism 
rather than an appropriate response to real 
needs.  As he conducted his research, 
Schön concluded that, “increasingly we 
have become aware of the importance to 
actual practice of phenomena-complexity, 
uncertainty, instability, uniqueness and 
value-conflict which do not fit the model of 
technical rationality.”14  In real-world prac-
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tice, according to Schön, problems do not 
present themselves to the practitioner as 
givens.  The unique solution required in pro-
fessional practice must be constructed from 
the materials of problematic situations which 
are puzzling, troubling, and uncertain.  For 
Schön, professionals were increasingly 
coming to see ‘problem setting’ as central to 
practice. In order to convert a problematic 
situation to a problem, a practitioner must 
do a certain kind of work to make sense of 
an uncertain situation that initially makes no 
sense.  Even though “problem setting” is not 
itself a technical problem, Schön developed 
the concept that “problem setting” was an 
activity necessary for technical problem 
solving.  Its importance can best be summa-
rized by his statement that “when we set the 
problem, we select what we will treat as the 
‘things’ of the situation, we set the bounda-
ries of our attention to it, and we impose 
upon it a coherence which allows us to say 
what is wrong and in what direction the 
situation needs to be changed.  Problem 
setting is a process in which, interactively, 
we ‘name’ the things to which we will attend 
and ‘frame the context in which we will at-
tend to them’”.15 
  
The significance for architectural education 
of The Reflective Practitioner lies in Schön’s 
assertion that “technical rationalism” had 
become the primary justification and de-
scription of professional knowledge.16 
Schön believed that this resulted in a divi-
sion of labor between those who were the-
ory-oriented and those who were practice-
oriented.  The result of this was that “re-
searchers are supposed to provide the ba-
sic and applied science from which to derive 
techniques for diagnosing and solving the 
problems of practice.  Practitioners are sup-
posed to furnish researchers with problems 
for study and with tests of the utility of re-
search results”.17  This division was also 
reflected in the ‘normative curricula of pro-
fessional education and the institutionalized 
relations of research and practice’.18.  His 
review of curricula within the various profes-
sional schools found that the basic and ap-
plied sciences were taught first and com-

prised the primary educational experience.  
The skills required of real-world problems of 
practice were placed at the end of the cur-
riculum sequence.  For Schön, this order of 
curricula reflected the model of “technical 
rationality” and reinforcing a belief that ‘real 
knowledge lies in the theories and tech-
niques of basic and applied science’, and 
‘skills are the ambiguous, secondary kind of 
knowledge’.19 
For Frampton, Schön’s ‘Reflective Practice’ 
is important in that in that it provides two 
interrelated levels at which reflection-in-
action needs to take place.  The first is the 
relationship between the architect and the 
client, in which the client should participate 
actively in the design discourse along with 
the architect and the various technical con-
sultants.  The second level is the civic re-
sponsibility of architects to relate their de-
signs to the larger general principles which 
shape their resolution, thereby engaging the 
‘body-politic’ in the formation of environ-
mental policy.  For Frampton, Schön’s re-
flection-in-action when put in practice be-
comes democracy-in-action, providing a 
guide for the ethical role of the architect in 
society. 
 
The Implications for Teaching 

It has been nearly a quarter of a century 
since Schön wrote ‘the Reflective Practitio-
ner’.  It is debatable whether many of 
Schön’s underlying assumptions still apply 
to all of the professions he studied.  It is 
also debatable whether The Reflective 
Practitioner can provide the basis for an 
ethical approach to architecture as applied 
in Kenneth Frampton’s article.  It is also de-
batable whether any specific design meth-
odology can be asserted as more or less 
ethical as any other methodology.  Despite 
this, The Reflective Practitioner made a sig-
nificant contribution to the study of the pro-
fessions and Frampton’s reference to this is 
especially relevant in light of the increased 
awareness of the responsibility for sustain-
ability.  In light of this (and beyond the 
scope of this paper) there would be value in 
revisiting The Reflective Practitioner with 
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regard to three significant issues.  The first 
issue is the relevance of “refection-in-action” 
to current professional practice.  Much of 
Schön’s argument is based on a dichotomy 
between ‘theory’ and ‘practice’ which may or 
may not still apply.  For Schön, the “reflec-
tion-in-action” of the practitioner provided an 
antidote to isolated theory, however, a sur-
vey of the American landscape leads one to 
question if the current dilemma is not be-
tween ‘theory’ and ‘practice’ but the thought-
less repetition of standardized solutions by 
many practitioners.  Second, Schön’s study 
was remarkably broad in its scope, which 
often lead to general conclusions which are 
assumed to apply across very diverse pro-
fessional fields.  Although there have been 
several excellent studies which focus spe-
cifically on the professional practice of archi-
tecture, none have addressed the topic of 
“refection-in-action” within the field of archi-
tecture.  The third issue, related to the sec-
ond, is that Schön’s working definition of 
“reflection” is often hard to pin down.  Within 
the fields of philosophy and critical theory, 
‘reflection’ has a very specific meaning 
about which volumes have been written.  In 
re-reading The Reflective Practitioner, it is 
not clear that what he observed and de-
scribed did not fall into more sociological 
descriptions such as ‘creativity’ and ‘non-
linear thinking’. 
Despite these shortcomings, Schön’s The 
Reflective Practitioner highlights the prob-
lem of assuming that technological solu-
tions, especially solutions developed in en-
gineering disciplines, can simply be incorpo-
rated or smoothly integrated into the archi-
tectural design process.  For Schön, what 
made the practicing professional an inter-
esting study were the ‘puzzling, troubling, 
uncertain and problematic situations in 
which they were placed’.  With regards to 
pedagogy, this might mean the develop-
ment of projects which initially lead students 
in one direction so that they might have to 
later struggle with the technological implica-
tions of their initial decisions.  It is with type 
of ‘critical resistance’ that the following pro-
jects were developed. 
 

Studio Pedagogy 

Over the past four fall semesters, the faculty 
of the Junior Year has developed a series of 
projects which begin by having students 
generate a particular space, focusing on the 
unique spatial conditions produced through 
such tools as large-scale daylight models.  
These individual spaces are then multiplied 
and/or incorporated into a larger complex  
building program.  This approach has been 
developed based on an agreement that the 

introduction of a complex building program 
presents a unique dilemma.  Broadly stated, 
when faced with a complex program, stu-
dents often move away from a unique gen-
erative and transformational process, and 
instead, begin to rely on normative assump-
tions about how a particular program (in this 

 
Figure 3.  Pattern projected into three-dimensions 
 

 
Figure 2.  Canopy for Farmers’ Market 
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case a hotel) should ‘look like’ or be organ-
ized.  Restated as a pedagogical question, it 
would be how to introduce a building with 
complex programmatic requirements which 
builds upon the foundation of design fun-
damentals and exploration introduced in 
previous semesters while questioning nor-
mative assumptions.  During the fall Junior 
Year, students are also enrolled in the re-
quired structures class which focuses on 
steel construction.  As a requirement of the 
structures class, students  are required to 
develop a framing plan for the final building 
project designed in the studio.  In addition, 
students are required to detail several struc-
tural connections.  The work and projects 
presented here are from the fall 2004 and 
fall 2005 studios. 
 
The first project of the fall 2004 studio was a 
canopy for a farmers’ market (Fig 2).  Stu-
dents selected a two-dimensional pattern 
and built a three-dimensional projection of 
this pattern (Fig 3).  Students then studied 
the structural possibilities presented by this 
projection, how this construction filtered 
daylight (Fig 4), and the material implications 
of weather-protection.  The second project 
of the semester was a 30-room hotel lo-
cated on a riverfront site overlooking down-
town Pittsburgh.  Drawing from the tradition 
of designing through empirical knowledge 
established in the first two years of the pro-
gram, this project was intended to encour-
age students to draw inspiration from per-
sonal experience.  This experience is inten-
tionally mutated by the distance and distor-
tion that can be attributed to reliance on 
memory.  The documentation of a window 
that is significant to each student lays the 
foundation for the project.  A narrative  
written about the window is used as a gen-
erative tool for the analysis and transforma-
tion of that window.  The narrative and the 
window are intended to generate a frame-
work that controls the design development 
of the building, in this case a hotel, concep-
tually, formally, and tectonically.  In this 
process the students were asked to use 

language to see their windows anew.  They 
used the narrative to guide their eyes in a 
re-reading of the drawing of their window.  
Issues emerging from the narratives lead to 
the alteration of the form and function of the 
window.  The conventional use of a window 
is challenged by the emerging structures 
that sometimes function in ways contrary to 
it.  Conditions of window as a viewing 
mechanism, a light source, a break in the 
boundary between exterior and interior, etc 
are challenged and pushed to extremes.  

The interaction of public and private space, 
circulation, site orientation, relationships of 
interior and exterior, and other decisions 
made during the design of the hotel are 
measured against the guidelines laid out by 
the narrative and the transformed window.  
The work documented here, represents 
ways in which the window transformations 
develop significant ideas that challenge the 
building program. 
 

 
Figure 4.  Shadow study of three dimensional pattern
 

 
Figure 5.  Pattern and model developed from pattern 
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The fall 2005 studio began with a project 
similar to the previous year.  Students se-
lected a two-dimensional pattern and built a 
three-dimensional projection of the pattern 
(Fig 4).  In the second project, students were 
required to attach their three-dimensional 
projection horizontal onto the top edge of a 
projection screen and to study the shadows 
cast by the projection in natural light.  The 
pedagogical intent of this project was two-
fold.  The horizontal configuration of the 
model required that the model be attached 
to and cantilevered from the projections sur-
face; which required the three-dimensional 
pattern to accommodate the forces placed 
on it.  In addition, since the final presenta-
tion for this project was limited to a photo-
graphic image which included only the 
shadow, not the construction itself, students’ 
attention was drawn to the solid-void con-
figuration of the model.  In the third project, 
students further developed the structure of 
their pattern transformation as a wall sys-
tem.  Students were asked to consider the 
primary, secondary, and tertiary structural 
members which might need to be added to 
the pattern to ensure the system’s vertical 
stability.  As additional material was added 
to the construction, students were to con-
sider how this material would relate to the 
original At the final presentation for this pro-
ject, the structural stability of these 12” X 
18” models were tested by placing a high-
velocity fan 10’ away from the model.  For 
the fourth project, each studio group (15 
students) constructed a large scale model 
(1/2” = 1’-0”) of Diefendorf Hall, a late-
modern classroom building designed by 
Edward Durrell Stone which is located 
across the quad from Crosby Hall, the build-
ing which houses the architecture studios.  
The assignment was to replace the existing 
screen wall with a new wall which further 
developed the three-dimensional pattern 
from the previous projects.  The new screen 
wall was to be structurally self-supporting  
pattern.  and to have as few connections to 
the existing building as possible.  The pri-
mary consideration of the new screen was 
the modulation of light entering the existing 
classrooms and the mediation of both inte-

rior and exterior views through the wall (Fig 
6).  In the next major project, Containment, 
students were required to construct a con-
tainer or a series of containers/bladders that 
held one gallon of water.  The intent of this 
project was to expand upon the three-
dimensional pattern construction to include 
volume and weight.  Students were pro-
vided a triangular site on the campus adja-
cent to the power plant and the old gymna-
sium.  Students were to expand on their ex-
plorations of ‘containment’ to develop a ‘wa-
ter tower’ which would both hold and display 
water.  The final presentation requirements 
included a scale model which held one gal-
lon of water, and a series of photo-collages 
which juxtaposed the project onto the exist-
ing site.  The above projects were com-
pleted within the first half of the semester.  
The remainder of the semester was devoted 
to a complex building program; and aquatic 
enter located on a site adjacent to the uni-
versity campus. 

 
Figure 6.  Screen wall derived from pattern
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Abstract 
 
The two disciplines of architecture and en-
gineering have departed in recent history 
and it is the growing need to bridge this gap 
on which primarily architectural curricula will 
have to focus on. This paper outlines why 
there is a need for integration and where it 
may happen, and explore examples of how 
it can evolve. 
 
Workshops of physical models, from The 
Chinese University of Hong Kong and Syra-
cuse University, are used to demonstrate 
the various approaches. These models are 
of indispensable value to design studios but 
are also essential to the visualization of ba-
sic structural principles. Important differ-
ences between small-scale and large-scale 
models are addressed in this paper. New 
rapid prototype technologies are capable of 
building models with embedded structural 
properties.  
 
Introduction 
 
Is it a brick or a bridge? It may well be a lit-
tle brick bridge, comprising a structure and 
a material that illustrate well the indispensa-
ble relationship between architecture and 
engineering. A little bridge needs structural 
and architectural attention to emerge in an 
attractive and pleasing form. Masonry is su-
perior in compression; thus, an arch might 
be a natural form. Brick is part of the ma-
sonry family and is a truly dual-purpose ma-
terial, capable of carrying complex loads 
and articulating architecture. It allows for 
endlessly creative and pleasing architecture 
through combinations of unit shapes, tex-
ture, and color. There is no other material 
that serves both architects and engineers at 

the same time, which could well be the rea-
son why brick as the first manmade material 
has survived and is still widely used in con-
temporary design. 
 
Typically, buildings with small spans are 
predominantly designed by architects, fol-
lowed by engineering designers. Bridges 
and large-span structures are areas in 
which engineers generally take the lead. 
Steel and concrete are usually the materials 
of choice for larger buildings, while glass 
and masonry are typical choices for clad-
ding and building expression, and wood, 
amongst other materials, is the choice for 
openings and interior design. 
 
This is the general pattern of design for the 
majority of common building types. For in-
novative and nonconforming architecture, 
there is a need for a nonconformist ap-
proach. Architects and engineers need to 
join together in the early stage of prelimi-
nary design, as outstanding architecture 
frequently emerges from outstanding col-
laboration. This paper focuses on modes 
through which we can cultivate this collabo-
ration, in the educational process of future 
architects. 
 
Cultivation of Creative Architecture 
 
The first question is why do we need to cul-
tivate collaboration between architects and 
engineers? In the past, they were one pro-
fession, but with evolving complexity, it split 
into more professions, never reintegrating 
subsequently. Architecture as an art may 
lead to the creation of fascinating forms. 
Computer parametric programs can gener-
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ate shapes that were hard to explore just a 
few years ago. However, creating some-
thing new and extraordinary may lead to the 
creation of “useless” forms. The imagination 
and intent of architects may never be real-
ized if they don’t stand-up. No matter how 
great an idea is, it has to be feasible, eco-
nomic, and safe. There are no “great” archi-
tects without the work that promoted their 
recognition in the first place. In other words, 
paper can take anything but reality cannot, 
and structure is a check on reality. Not 
much has changed since the 1st BC Vitruvi-
ous perception of architecture as “beautiful, 
convenient, and solid.” The “solid” stands 
for structure and is an integral part of all ar-
chitecture. 
 
Unfortunately, in the US, due to lack of sup-
port from studios, technology is mostly con-
sidered as an area that supports architec-
ture curricula and not an integral part of it. 
Yet today, creative built pieces of architec-
ture demonstrate the opposite, perhaps be-
cause most of the world’s leading architects 
are not educated in the US. Imminent drive 
of new technologies may modify approach 
to architecture. 
 
The second question is where to cultivate 
this collaboration. Structural engineering 
curricula offers a rather deep understanding 
of the subject and quickly submerges into 
areas such as material properties, structural 
analyses, foundation, fracture mechanics, 
reliability, and so on. Experts for each of 
these areas rarely are the experts for the 
entire field of structural engineering. The 
curricula faces its own challenges concern-
ing integration. Architects seek just a tiny 
fraction of integral engineering knowledge; 
thus, the architecture curricula is a more 
logical area through which to respond to the 
needs of the discipline. 
 
The third question is what structural topics 
are essential if future architects are to pro-
voke fruitful collaboration between cross-
disciplines. Some topics are unavoidable, 
such as the selection of structural systems 
and understanding their behavior, strengths, 

and weaknesses. The systems are combi-
nations of individual structural elements, the 
approximate sizes and shapes of which may 
be decided using the rule-of-thumb, prelimi-
nary calculations, or intuition. Connections 
between the structural elements are essen-
tial to the performance of the elements, and 
to the system as whole. The system needs 
to efficiently sustain gravity and lateral loads 
and convey them to the foundation. Material 
selection is based on the specifics of mate-
rial properties and the specifics of the sys-
tem. All of these selections have to blend 
with architectural intention, construction effi-
cacy, and safe structure, as the conse-
quences of structural failure are far more 
costly than the consequences of architec-
tural failure. 
  
These topics are commonly fragmented. 
Architectural design is a rather complex task 
of many simultaneous aspects. The integra-
tion of structure and architecture and inten-
tion of using structure to enhance architec-
tural design are generally the least covered 
issues in studio design yet they are what 
architects will certainly need to consider in 
their practice. This does not come as sur-
prise, as first, neither engineers nor archi-
tects are educated in how to teach this inte-
gration. They are good in repeating the 
methods that they were taught during their 
own educational process, and so the oppor-
tunity to excel is missed. Today, examples 
of sparkling architecture are produced 
through practices in which the benefits of 
close collaboration between the two disci-
plines are fully recognized. 
 
The fourth question is how to bring structure 
into the process of architectural design. This 
is a controversial issue, one with many chal-
lenges. Who is most suitable to teach the 
subject? What are plausible ways of doing 
it? How is it blended with architectural de-
sign? Structures as engineering subject re-
quire special attention in the implementation 
of architectural curricula. Unfortunately, in 
reality structure is given the least attention 
due to the lack of focus from the faculty 
body as whole, though this may well be the 
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only place where students of architecture 
may have to apply some quantitative skills 
architects should have. Engineers are used 
to analytical learning, they learn principles 
that are applicable to any engineering de-
sign, and they have more of a knowledge-
based approach. On the other hand, archi-
tects are better trained in the visual, they 
are focused on learning from precedents 
and they take more concept-based ap-
proach. 
  
For architecture to take full advantage of 
structures, it is of the utmost importance 
that the faculty teaching structures fully un-
derstands the engineering aspect of struc-
ture as well as the architectural needs. Un-
fortunately, such a profile does not come 
ready-made in any curricula. Whoever en-
ters this area of teaching has to have addi-
tional education and an adjustment period. 
Usually, the teachers are self-taught with 
regard to how to motivate the students for 
the subject, how to convey the knowledge, 
how to make the subject interesting and 
meaningful, and how to collaborate with the 
design studio faculty. If the subject is mar-
ginalized and taught by a faculty with 
blurred knowledge of the area, it may be 
rather confusing and the opportunity for en-
hancing architectural design may be 
missed. 
 
Structure Courses and Thematic 
Studios 
 
The main focus of the structure courses at 
The Chinese University of Hong Kong 
(CUHK) is to explain external loads such as 
gravity and the lateral and efficient architec-
ture needed to transfer them to the ground. 
Structure responds to external forces 
through the development of the internal 
forces of structural elements. Understanding 
the concept of decomposition of internal 
forces is crucial to the creative design of 
structures. There can be no meaningful dis-
cussion about structure if internal forces 
such as tension, compression, shear, and 
moment are not understood. It would be 

similar to teaching architecture without un-
derstanding space, function, environment, 
or relationships. 
  
Elements respond to internal forces through 
deformation. Through the visual presenta-
tion of various deform patterns, students 
can appreciate the importance of internal 
forces. Physical models are used to visual-
ize the presence of internal forces to better 
understand their effects. Figure 1 shows 
teaching models used to demonstrate the 
concepts of axial, shear, and moment re-
spectively. 
 

 
Figure 1. Visualization of axial, shear, and moment 
force 
 
As shown in Figure 1, axial force acts per-
pendicularly at a cross section and tends to 
extend or contract the element. Buckling is 
a phenomena associated with compression 
as opposed to bending, as often confused. 
Shear force acts parallel at a cross section 
and tends to slice the element. Moment 
force rotates at a cross section and tends to 
bend the element. As the result, deforma-
tion is proportional to the magnitude of the 
internal force. 
 
Once the presence of internal forces is well 
understood, the next step is to study their 
distribution throughout structural systems. It 
is important to emphasize that the distribu-
tion of internal forces is directly related to 
the selection and type of structural system, 
the size and shape of the individual ele-
ments, and the method and amount of ma-
terial used in their connections. 
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One way to blend subject courses and de-
sign studios is to have curricula of thematic 
studios. For example, at the Chinese Uni-
versity of Hong Kong structures are offered 
as required courses and are tested in the-
matic studio environments. The thematic 
studios are habitation, urbanization, tecton-
ics, and technics. Each studio has three 
sections. Students have to take all four stu-
dios but may select the sequence them-
selves. Students from various years working 
together create a dynamic design studio 
environment. 
 
Of the four thematic studios, the technics 
studio is the one associated with the crea-
tion of buildings as it explores natural forces 
such as gravity, wind, light, air, thermal, and 
sound. This is the place where, for example, 
material, structure, and fabrication, steer 
design exploration. Two projects are as-
signed per semester: the studio project and 
the school project. The studio project is 
structured to incorporate the study of spe-
cific issues as common theme to the entire 
studio. This is followed by the school pro-
ject, which integrates the issues in a final 
design exercise. 
 
The technics studio relies on physical mod-
eling and digital tools as means of explora-
tion. While physical models may well serve 
the purpose, it is important to be aware of 
their limitations within the studio setting. 
What students make is not the end product 
but rather a materialized stage of the proc-
ess. Models are of utmost value when it 
comes to understanding space and special 
relationships, and are also indispensable in 
understanding structure, behavior, and rela-
tionships among structural elements. Yet 
there is large discrepancy between the ac-
tual structural performance of full-scale 
buildings and the structural performance of 
the models. The discrepancy comes from 
the scale factor, when the properties of the 
materials and sizes of the elements are not 
properly scaled. As a result, models are 
substantially oversized and stronger. 
 

To address this issue in the studio, two 
workshops were carried out. A recipient of 
the Gold Medal from the British Institute of 
Engineers, Tony Hant, was invited to inspire 
and challenge the students. 
 
In the first workshop, students were asked 
to make a paper bridge. The bridge was to 
span 11 inches and be freely supported on 
the sides. The students could use four 
sheets of A4 paper and glue, but the glue 
could not be used as additional reinforce-
ment. The bridge was to carry a point load 
at its center and the goal was to construct a 
bridge that carried the largest load. 
  
It was pleasing to see students explore dif-
ferent shapes and forms of paper to develop 
a firmer bridge. Entertaining ideas emerged, 
yet important lessons were also learnt. 
Some of the paper bridges are shown in 
Figure 2. 
 

 
 a b c 
 
Figure 2. Paper bridges models 
 
The model shown in Figure 2a explores the 
idea of depth. Paper itself is very thin and if 
used as a horizontal plane cannot take sub-
stantial loads. Yet it does have certain 
strengths if crafted in bundles of vertical 
sheets that resemble beams or the waffle 
slabs system. A similar idea is carried for-
ward by the model shown in Figure 2b, for 
which paper is bundled in tubular forms to 
create a grid of horizontal beams. The tubu-
lar shape is favorable, as it prevents buck-
ling. Here the elements are stronger and the 
bridge is stiffer. In both examples, the 
bridges were designed as beams ignoring 
weak material bending strength. 
 
The model in Figure 2c capitalizes on domi-
nant paper properties. Paper is rather 
strong in tension but extremely week to 
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buckling in compression. The load was 
hung from the center of the bridge and 
transferred by a single sheet of paper to the 
upper plane, where tubular beams acted in 
compression. Horizontal mid-bracing helps 
to decreases the buckling length of the 
compressive cord. It is interesting to note 
that vertical bars actually decrease the ca-
pacity of the bridge due to additional mid 
span bending of the compressive cord. Sur-
prisingly enough, the bridge took about 8 lb 
in weight. The overall shape of the bridge is 
efficient and resembles a moment diagram 
for a mid point loaded beam. 
 
In the second workshop, students were 
asked to design and build a real bridge. The 
bridge was to span a 9 feet gap, and only 
natural material, such as bamboo, wood, 
rope, and cotton, could be used. Students 
worked in groups and once finished, a “vol-
unteer” member of the group had to walk 
over the bridge. If the bridge sustained the 
load, it remained in the competition, and the 
lightest bridge among those was the overall 
winner. 
 

 
 
Figure 3. Construction of real bridges using bamboo, 
wood, and rope 
 
Figure 3 shows the students assembling 
bridges using bamboo and wood as the 
core materials. The importance of connec-
tion was recognized from an early stage, 
and it become clear that with the use of 
rope, the fixed connection capable of trans-
ferring moments between elements could 
be realized only through parallel layout of 
the elements. Two members were stronger 
than one member if forced to deform to-
gether, and members were bundled up with 
rope. 
 

A variety of design strategies were ex-
plored. Figure 4a shows a hybrid wood and 
bamboo bridge, the design of which was 
based on the concept of space truss. It 
worked well since with the rope it was easy 
to create hinge joints. The top and bottom 
cords were curved to resemble the shape of 
a moment diagram of a uniformly-loaded 
simply supported beam. The top cord had 
two members, to provide a platform for 
walking, but also to improve the buckling 
capacity of the bamboo members in com-
pression. Surprise came at the very end 
when it was realized that two pinned sup-
ports could not provide torsional stability of 
the bridge. Issues of torsion are often over-
looked in studio projects.  
 

 
a b 
 
Figure 4. Space Truss Concept Bridge and Hesitant 
Beam Bridge 
 
The bridge in Figure 4b is an example of an 
unsuccessful attempt at increasing the 
depth of the structure by suspending the 
deck from the top cord. The two top cords 
acted as independent beams and could not 
carry the bending. 
 
Figure 5b shows an astonishing solution, 
based on a modified cable-stayed bridge 
concept; that is, the bridge length was re-
stricted to 9 ft. That created a problem for 
anchoring the tie-back cables. The students 
resolved the issue by extending the col-
umn’s height and using tie-down cables in-
stead. Ultimately a solution hardly seen be-
fore resulted in the best performing bridge. 
Because of a large shear force, an impor-
tant detail was the hinge between the 
beams and columns, constructed by drilling 
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columns and inserting a bamboo stick 
across the holes. 
 

 
 
Figure 5. Ingenious Rope-Stated Bridge in Self-
Equilibrium 
 
By doing the workshops, students were ex-
posed to hands-on learning experience of 
how to discover forms and shapes that will 
stand up. These types of exercises allow for 
better understanding of how loads are car-
ried by structures, what are the challenges, 
and how we can respond to them. It is es-
sential that these exercises be properly util-
ized, in order to provide maximum benefits 
to students. They need to fully demonstrate 
and explain certain structural concepts and 
not to become self-serving exercises. 
 

 
a b c 
 
Figure 6. Samples of Studio Projects 
 
The theme of the recent technics studio was 
“A Place of Transport.” Material, structure, 
and fabrication played critical roles in creat-
ing a space with sentiments of motion, pur-
pose, and excitement. Year two engaged in 
the exploration of weather bus-stop shelters 
and year three the exploration of subway 
train stations and the remodeling of existing 
platforms. Master students were involved 
with the building of a habitable bridge con-
necting the city and the waterfront ferry. 
Figure 6 shows some typical models.  
 

Figure 6a shows a model of subway plat-
forms carried by two set of frames, with 
wood used as the primary material. Main-
frames hold together the entire structure, 
while smaller sub-frames are incrementally 
rotated to create a dynamic space, and the 
rotational force is controlled by a set of ca-
bles spanning between the main frames. 
The concept of the proposed structural sys-
tem is appealing and attractive. Figures 6b 
and 6c show a thesis project that deals with 
Hong Kong’s high-rise, high-density envi-
ronment. A mega structure concept is inves-
tigated for which lattice shear walls or dou-
ble spiral forms are used to increase stabil-
ity. Wood and polymers were selected as 
the material of representation. 
 
New technologies allow for the creation of 
advanced methods for making models di-
rectly from digital data. The sandy plaster 
type of material enables production of mod-
els of quality and accuracy far superior to 
that of classical physical models. Therefore, 
visualization and exploration of structure by 
rapid prototype models is elevated to a new 
level. 
 

 
a b c 
 
Figure 7. Rapid Prototype 3D Models 
 
Figure 7a shows a rapid prototype model of 
a bus stop shelter. A folded plate concept in 
longitudinal direction, combined with a 
spherical shell in transverse direction, was 
used to create the carrying capacity of the 
roof. The columns are tapered towards the 
roof, and more material at the top of the 
columns was required to collect the mo-
ments from the roof. Inclined columns re-
duce gravity moments at the support. The 
fragility of the model best illustrates the criti-
cal points in the structure. Figure 7b shows 
a habitable bridge concept where the cable-
stayed idea is used to hold space truss, 
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which in turn supports the platform. Split 
inclined columns respond well to the bi-
directional bridge space pattern. 
 
Figure 7c demonstrates the full advantage 
of new technology. A sophisticated three-pin 
arch system is explored, in which the center 
pin is in the form of an upper platform. A 
double-curved lamella approach creates 
exuberant structure. The arch cross-section 
is u-shaped to increase the strength by in-
creasing the moment of inertia.  
 
The fragility of the models in all three exam-
ples reveals the potential fragility of struc-
ture itself. This would have be rather difficult 
were it not impossible to achieve using 
widely used wood models. 
 
The Controversy of Masonry 
 
A plain masonry building is complex struc-
tural assembly and potentially rewarding 
architectural material. Steel is a homogene-
ous material in which the properties of ten-
sion and compression are equal. Concrete 
is a heterogeneous material, superior in 
compression but in need of additional mate-
rials, such as steel bars, to take tension. 
The structural complexity of masonry comes 
from complex wall assembly and the addi-
tional layer of mortar joints, not present in 
steel or concrete. 
Masonry falls between the professions of 
architecture and engineering. It encloses 
space and provides load bearing. That dual 
role led to the current situation; that is, that 
masonry is considered in some schools of 
architecture and in some schools of engi-
neering but unfortunately not as cross-
disciplinary course. There are vast numbers 
of curricula in which masonry is not suffi-
ciently covered, as it is assumption that it 
will be covered by the other discipline. 
 
A structural engineer teaching in architec-
tural curricula has the opportunity to bridge 
the gap. An elective masonry course at 
Syracuse University is developed with a 
balanced architectural-engineering ap-
proach. The course brings together educa-

tors, designers, contractors, producers, and 
officials to share their experience with stu-
dents. 
 
Field trips to factories and construction sites 
are common, yet the most attractive com-
ponents of the course are hands-on ses-
sions and a model competition. Students 
work with trowels and build mockup ma-
sonry details with the help of experienced 
journeymen. For the final project, they work 
in groups, first to design and then to build 
masonry details such as an arch, a wall with 
an opening, a corner wall, a column, or 
sculpture as shown in Figure 8. The models 
are built on campus so they can be seen by 
the wider university community. Bricks, 
blocks, stone, and tiles are donated by local 
producers. 
 
 
 

 
 
Figure 8. Masonry Model Competition 
 
Last year students’ projects were inspired 
by and thematically allied to the existing 
sculpture “Six Curved Walls” by acclaimed 
artist LeWitt that is located on campus. One 
of the main benefits of these masonry de-
tails is that they are the full scale models 
assembled from the real size units with in-
tact structural properties. 
 
The course, which is one of the largest ma-
sonry elective courses in the US, was very 
well received by students. Masonry is ex-
plored not only in terms of its conventional 
role of building material but also as an ma-
terial of expression, for example, in practice 
a little brick bridge has attributes of both 
structure and architecture.  
 
Summary 
 
The disciplines of architecture and engi-
neering departed from each other in the last 
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century. There is currently a growing reali-
zation of the importance of bridging the gap 
between them. It is more reasonable to ex-
pect of architectural curricula to be modified 
in order to serve the needs of architecture 
than engineering curricula.  
 
The paper explains why there is a need to 
integrate structure and architecture, where 
that need may be addressed, and what are 
the most important issues that architects 
need to know, and it presents an example of 
how this integration can be carried out. 
 
Physical models are of indispensable value 
in design studios to understand special rela-
tionships but they are also central to explain 
basic structural principles. The important 
differences between small-scale, large-
scale and full-scale models are addressed. 
New rapid prototype technology models of-
fer embedded structural features. 
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Introduction 

Structural analysis software has now  been 
commonplace in teaching architectural 
structures for many years. The advantages 
in visualization and indeterminate analysis 
are widely recognized and accepted. 

The most widely used analysis programs 
are intended for commercial engineering 
design: programs such as RISA (RISA 
Technologies) and Multiframe (Formation 
Design Systems). The great majority share 
two key characteristics: 

1. Interaction: These programs are based 
on a three-stage model of interaction: 1) 
model the structure, 2) analyze, and 3) 
interpret results. 

2. Theory: Most programs are limited to 
linear elastic theory. Even those that 
model aspects of non-linear behavior 
are still based on the direct stiffness 
method, which mathematically requires 
that the stiffness matrix be invertable. 
Physically, this means that the structure 
must be stable. 

Experience has shown that a wide range of 
useful teaching can be done despite the 
limitations imposed by these characteristics.  

This paper describes a program, called 
Arcade, which takes a different approach to 
the user interface and to the underlying 
theory to create a new kind of structural 
analysis program, which enables new 
modes of teaching with analysis software.  

The interaction model and the computation 
methods of Arcade are both derived from 
computer games. For the interface, this 
means that the analysis and interpretation 
stages are merged, making it possible to 
interact with a model while an analysis is in 
progress. It is possible to make changes to 
the model and then see the effects instantly, 
the way that a game player sees a game 
respond to input from a controller. 

Accordingly, Arcade’s computation method 
is one widely used in computer games to 
model the physics of moving objects with 
greater visual realism. The method is 
commonly called a physics engine or 
particle system (Hecker; Witkin). This 
method makes it possible to model non-
linear large-displacement phenomena such 
as the changing shape of a hanging cable, 
or the buckling of a frame (Martini 2006). 

The program was developed by the author 
and has been used in architecture courses 
at the University of Virginia (U.Va.) and Yale 
University, as well as engineering courses 
at U.Va. The following discussion describes 
examples and experiences in using Arcade 
in an introductory structures course for 
architecture students. 

Elementary Statics Examples 

It is widely accepted that students should 
learn statics before they begin working with 
structural analysis software (Black and 
Duff), based on the reasoning that without a 
knowledge of statics, students will be 
unable to understand what the program is 
doing. 
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Model of particle with force, before the simulation 
begins. 

 
Stop-motion rendering of the simulation, showing the 
response of the particle to the force. 

Figure 1.  Simple particle mass with force. 

Experience with Arcade has shown that it 
can be used to teach statics from the first 
day, because of the program’s basis in the 
fundamental physics of F=ma. Figure 1 
shows an Arcade example that is used in a 
lecture demonstration. The upper part of the 
figure shows the basic model: a single 
particle of mass with a force applied. The 
lower part of the figure shows a stop-motion 
rendering of the animated motion when the 
simulation is run, the particle accelerates in 
the direction of the force. 

This primitive example illustrates some 
fundamental characteristics of a program: 

• Dynamic simulation: The program 
models all phenomena as dynamic 
events unfolding over time. 

• Particle masses: A structure is 
modeled as a collection of particle 
masses. The dynamic computation 
is done by stepping through time 
and solving F=ma for each motion 
degree of freedom of each particle. 

A structural framework is modeled by 
connecting particle masses with springs, in 
the form of elements similar to those used in 
conventional analysis. 

 
Model of two particles with different force systems. 

 
Stop-motion rendering of the simulation, showing the 
response of the particles to the forces. 

Figure 2.  Two particles with equivalent systems. 

Figure 2 shows another example from this 
series, this one illustrating the parallelogram 
rule. 

The upper part of the figure shows the initial 
model. By counting squares of the 
background grid, it can be demonstrated 
that the single force on the right is on the 
diagonal of a parallelogram formed by the 
two forces on the left. When the simulation 
is run, the animation shows that the two 
particles move in exactly the same way. 

Of course, F=ma and the parallelogram rule 
are usually not among the most elusive 
concepts for architecture students, so it is 
reasonable to question the value of these 
demonstrations. The answer is that it 
enables a different perspective on force 
systems, shifting greater emphasis on 
thinking about how the particles will behave, 
with less emphasis on the values of the 
vectors. An example of this shift is shown in 
figure 3, with another slide from this series.
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The upper part of the figure shows two 
particles. With this slide on the screen, 
students are put the following question: 

One of these particles will move 
when the forces are applied, while 
the other will remain stationary. 
Determine the one that moves. If 
you do that, then describe how it will 
move 

Students are given a few minutes to discuss 
the problem in pairs, and most pairs 
correctly identify that the forces on particle 
A are unbalanced and will move the particle 
to the left. Students use the technique of 
counting grid squares to check the balance 
of horizontal and vertical components. The 
grid counting technique is of course not 
practical for more complex problems, but is 
effective in a lecture setting because it 
allows the discussion to focus on concepts 
of force balance rather than details of vector 
component calculation. More important, 
students are focusing on a question of 
physical behavior (How will the particles 
move?) rather than on one of mathematical 
properties (What are the vector resultants?). 

Figure 4 shows an extension of this 
approach to the statics of bodies. In this 
homework problem, students begin with an 
Arcade model where a body is represented 

by particle masses connected by stiff beam 
elements. The force system is configured so 
that the horizontal and vertical components 
balance, but the body rotates under the 
action of the forces, as shown in the right 
part of the figure. Students are given the 
task of adding exactly two forces to the 
figure which put the body in equilibrium. The 
correct answer is any two forces that 
produce a counterclockwise couple of 800 
kip-feet (the grid in the figure has a module 
of 10 feet). 

As with the particle examples, this problem 
places the emphasis on the physical 
behavior rather than mathematical 
properties, although both must be 
understood. Free body diagrams are often a 
difficult concept for both architecture and 
engineering students, in part because 
students have little life experience dealing 
with free floating bodies with forces applied. 
The author has found that a group that has 
been taught statics with Arcade becomes 
quite quick to answer correctly when 
presented a free body with unbalanced 
forces and asked the question “how would 
this move?”; this is probably because these 
students have seen a dozen or more 
examples of free bodies moving under 
unbalanced forces and most begin to 
develop intuition based on that experience.

 

 

Two particles with different force 
systems. One is in equilibrium and 
one is not. 

 

Stop-motion rendering of the 
simulation. Particle A has an 
imbalance of horizontal force 
components, while particle B is in 
equilibrium. 

Figure 3.  Predicting which particle will move, and in what direction.  
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Structural Frameworks Examples 

Figure 5 shows an application of Arcade to 
a conventional truss structure. The 
rendering options are set so that the width 
of the member indicates the magnitude of 
the force, and the color indicates the sense 
of the force, with red indicating compression 
and blue tension. 

Figure 5.  Truss rendered to indicate force 
magnitudes in members. 

This rendering supports discussion of the 
overall patterns of forces and how the truss 
is working. It also shows clearly that some 
member have near zero force, which raises 
the traditional topic of zero force members, 
covered in most introductory texts on 
structures and statics. Traditionally, texts 
teach that in a system of three forces with 
two in-line, equilibrium requires the third 
force to be zero. This fact of statics is used 
to explain zero force members, and it is 
usually mentioned that the zero force 

members are necessary for secondary 
bracing. 

Arcade allows the topic of zero force 
members to be cast in a new light, with its 
“Element disable tool” (more commonly 
known as the “bomb tool.” ) 

When this tool is clicked on an element 
during a simulation, the element is removed 
from the model immediately and the 
structure responds accordingly. Figure 6 
shows a stop-motion rendering of the truss 
after one of the “zero force” members is 
removed. 

During a lecture presentation, the bomb tool 
is used to remove different zero force 
members, and it becomes clear that 
removing some members causes collapse, 
while removing others does not. The class 

  
Body with rotationally unbalanced force system. Stop-motion rendering of the simulation, showing the 

response of the body to the force system. 

Figure 4.   Body with unbalanced forces. Students must add  two forces which put the body in equilibrium 

 

Figure 6.  Stop-motion rendering of truss after a “zero 
force” member is removed. 
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is asked to explain why that is. Before long, 
an astute student will note that in the case 
where the zero force member meets two in-
line compression members, the structure 
collapses, but when the in-line members are 
in tension, the truss does not collapse.  

This observation allows the traditional 
textbook explanation to be elaborated as 
follows: 

While it is true that for three forces 
with two in-line, equilibrium requires 
that the third force be zero, in a real 
structure, nothing is exactly in line, 
because the structure deforms under 
load, and probably wasn’t built 
precisely in line to begin with. When 
the off-line “zero force” member is 
removed, compression in the 
remaining two will make them fold 
together, leading to collapse, while 
tension will make the members 
straighten out and stabilize. 

This interpretation gives deeper insight into 
truss behavior than the traditional treatment 
of zero force members, and underscores 
the importance of small members that brace 
major compression members. 

 

Figure 7. Stop-motion rendering a frame after a 
column is removed. 

The bomb tool is also useful for illustrating 
broad aspects of frame behavior. Figure 7 
shows a stop-motion rendering of a 
conventional building frame after a first-
story column is removed with the bomb tool. 

The lecture presentation goes on to 
compare the behavior of this frame of that 
with more redundant frame configurations 
that can withstand the sudden removal of a 
first-story column 

Brief Design Exercise 

Ultimately, the reason for teaching 
structures to architecture students is to 
instill the ability to make informed decisions 
that recognize the interactions between 
structural form and behavior. Such teaching 
requires generative exercises, where 
students create original solutions in a 
design context with objectives and 
constraints. Despite the importance of 
generative exercises, the demands of studio 
projects on student time often make it 
difficult to include them in a structures 
course. 

The following discussion outlines a brief 
(90-minute) computer-based exercise done 
in a computer lab setting where students 
generate a structural form using a highly 
simplified design context, objectives, and 
constraints. The outline of this project was 
published as an essay in the Connector 
newsletter in 2001. At that time, the RISA 
program was used for analysis [RISA 2006], 
and it could be carried out with that or other 
commercial software. The presentation here 
includes new aspects of the project that 
have emerged with the use of Arcade. 

Figure 8 shows an abridged version of the 
problem statement. Students work in pairs 
at their own pace while the instructor and 
teaching assistants roam the room, 
assisting pairs that ask for help. Figure 9 
shows a photograph of the lab room while 
the exercise is underway, and figure 10 
shows a photograph of a student pair at 
work. During the exercise, there is a buzz of 
conversation in the room as pairs discuss 
their work. 
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Figure 9.  Brief design exercise in progress 

Figure 10.  A student pair discusses design decisions. 

One of the key features of this problem is 
that it does not involve member sizing, 
which is completely unrealistic, but forces 
students to focus on the relationship 
between form and behavior, where the 
consideration of behavior is artificially and 
deliberately limited to reactions and 
displacement. 

One common trend in this exercise is that 
students begin with structures that have far 
more members than are required for the 
narrowly defined problem. As the instructor 
and teaching assistants talk with pairs, they 
can ask whether there are any members 
can be eliminated, and then use the bomb 
tool to remove the members and check the 
response. Figure 11 shows an example. 

The left part of the figure shows a student 
model in progress. The vertical members 
are ineffective because they are have a 
support at each end, the horizontal 
members appear ineffective because there 
is no horizontal reaction at the middle 
support. Four clicks of the bomb tool quickly 
reveal that the members are in fact 
unnecessary. Removing the members 
makes clear the primary behavior of the 
structure, which in the case of figure 11 is 
effectively two independent chevron-shaped 
structures, one for each load. 

  

Working in teams of two people at one computer, 
consider the conceptual design of a structure to 
suspend a platform from a cliff face, according to the 
geometry shown below. 

 

The platform is to be supported by suspension rods 
that attach to the structure you will design. Assume 
each hanger rod exerts a downward force of 20 kips. 

CRITERIA 

Use Arcade to design the structure using the 
following highly simplified criteria. 

• The maximum downward deflection of the 
structure should not exceed 2 inches. 

• No single horizontal reaction should exceed 60 
kips. 

• No single vertical reaction should exceed 30 
kips. 

• All members should be steel, with a cross area 
of 20 in2, and a moment of inertia of 700 in4. 

You should try to minimize the weight of your 
structure while meeting the performance criteria.
  
Figure 8.  Abridged version of problem statement for 
design exercise. 
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Exercise Follow-up 

An essential part of the exercise is a follow-
up session, done as part of a lecture during 
the following week. In this session, the 
following points are projected on the screen 
and discussed: 

The problem highlighted some important 
aspects of design  
• Design is a process of search within a 

constrained space.  
• Design is iterative and cyclic, not linear 

and direct.  
• Some things just don't work.  
 
The problem had good and bad points:  
• Good: Allows broad exploration of 

design space, focusing on behavior 
rather than calculation details.  

• Bad: The problem was pure model 
manipulation without any sense of a real 
structure and how it would be detailed 
for construction, braced in three 
dimensions, or how the structure would 
look in an architectural context. It was a 
"stress invaders" video game.  

• Good: The problem allowed you to 
discover why trusses are used, and how 
to look carefully at the assumptions and 
constraints of a problem.  

• Bad: The constraints were very 
incomplete, since they did not include 

checking the strength of the members, 
particularly buckling. 

• Good: The problem offers an 
opportunity to show the value of back-
of-an-envelope calculations to make 
decisions about overall form. 

 
The purpose of this review is to make sure 
that students understand the significant 
limitations of the exercise. 

The follow-up session also includes a 
review of some of the typical design 
approaches in order to learn more general 
lessons. Figure 12 shows a few such 
examples, organized in a progression from 
worst adapted to best. Example a) shows a 
common approach in design practice: take a 
conventional structural configuration, and 
then modify it (in this case by adding a 
diagonal braces) so that it meets the 
criteria, resulting in an inefficient design. 
Example b) is slightly better than a), with 
example c) illustrating a good solution. 

The lecture then derives the moment 
diagram for the load and span condition and 
notes that the overall profile of solutions 
such as that in figure 12c) is similar to the 
shape of the moment diagram in that its 
depth varies as the moment diagram varies, 
although the structure has both legs sloped, 
which is necessary to keep the individual 
vertical reactions within the constraints. 

 
A student design with  ineffective members, indicated 
with the bomb tool icon. 

The structure after the members are removed with the 
bomb tool, the reactions and displacement are still 
acceptable. 

Figure 11.   Illustrating the use of the bomb tool to identify ineffective members in a framework. 
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The moment diagram can also be used to 
calculate the required depth of the structure 
at the supports. That depth times the 
maximum allowable horizontal reaction 
should equal the maximum moment for the 
cantilever. This calculation is an example of 
a back-of-the-envelope calculation that an 
experienced engineer would do, interpreting 
the global statics of the situation to estimate 
bounds and  overall form. 

Of course, the primary benefits of this 
exercise do not rely on the special features 
of Arcade, and can be achieved with 
conventional structural analysis software. 
Arcade brings two primary advantages: 

1. Familiarity: Students begin using 
Arcade from the earliest stages of 
the course (e.g. statics of a particle), 
and those initial assignments serve 
as introductory tutorials so that 
students become familiar with the 
program without needing a special 
tutorial session to learn to operate 
the program. 

2. Interaction: As discussed above, 
the ability to remove members and 
immediately and see the resulting 
effects is highly effective in 
illustrating the load-carrying action of 
a framework. This is a key benefit of 
Arcade’s game-like interaction. 

Limitations of Arcade 

The limitations of the Arcade program in 
teaching include the following: 

• 2 Dimensions: The program is 
limited to 2-dimensional analysis; 
this is not a limitation of the 
computation method, but of Arcade’s 
current implementation of it. A 3-
dimensional version is planned. 

• Small problems: Because the 
analysis runs in real time, it is 
computationally demanding, so that 
the program is limited to small scale 

a) An ineffective design that adapts a conventional 
solution. Self weight 26 kips 

b) A design that is somewhat better adapted to the 
problem condition. Self weight 18 kips 

c) A design that adapts well to the constraints and 
objectives of the problem. Self weight 8.6 kips 

Figure 12.  Sample results from the brief design 
exercise. 
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problems (typically something less 
than 100 nodes, depending on the 
mass and stiffness properties of the 
structure). This is a significant 
limitation for commercial application, 
but is less of a limitation for 
teaching. 

• No section library or code check: 
The program does not include 
common commercial features such 
as standard section libraries and 
code checks. Code checking would 
not be appropriate for Arcade, since 
the focus of the program is realistic 
behavior, but section libraries would 
be a useful addition. 

In general, Arcade is designed toward 
supporting the work of teachers and 
students in a classroom rather than the 
work of an engineer at a desk, since there is 
already a wide range of high-quality 
software to support working engineers.  
Arcade is not intended to supplant the 
useful role that commercial programs can 
play in teaching, but rather to complement 
that role with capabilities that are not easily 
accessible with commercial programs. 

Conclusions 

The application of non-linear dynamic 
analysis in teaching elementary statics 
challenges two long-standing teaching 
assumptions for both architecture and 
engineering students. The first assumption 
is that students should learn statics before 
they learn computer-based structural 
analysis. Experience with Arcade has 
demonstrated that computer-based analysis 
can be an effective tool in teaching the most 
fundamental concepts of statics. 

The second assumption is that when 
students do begin learning computer-based 
structural analysis, they should begin with 
linear elastic static analysis, and then 
progressively work toward mathematically 
more complex methods. Experience with 
Arcade demonstrates that its non-linear 

dynamic analysis method can be an 
appropriate entry point for learning 
structural behavior and analysis. 

The key is that although non-linear dynamic 
analysis is mathematically more complex, it 
is physically more intuitive. Physical 
phenomena in real life are not linear, they 
are not ideally elastic, and they are not 
strictly static. The real-time interaction of 
Arcade’s non-linear models is closer to 
student’s physical experience than the more 
stark abstractions used in conventional 
analysis methods. The greater 
mathematical complexity of non-linear 
dynamic analysis combined with real-time 
interaction is exactly what makes its results 
more accessible to novice students. 

The development of Arcade is ongoing, and 
the program can be freely downloaded from 
the project web site [Martini 2006]. 
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Introduction

As predominantly visual thinkers, many ar-
chitectural students find courses in struc-
tural technology distant and abstract, espe-
cially when presented as mere “watered-
down” versions of comparable courses 
taken by their peers in civil or mechanical 
engineering. While they may learn to do the 
mathematics with some proficiency, com-
plaints can also be heard simultaneously 
that they have no idea what it all really 
means, or that they don’t see the connec-
tion to actual built structures in the stick dia-
grams of beams and so on that they learn in 
class. This is both a shame and a missed 
opportunity, because of all of the allied en-
gineering disciplines, structures is at once 
the most immediate (i.e., no structure 
means no architecture), as well as poten-
tially the most form-shaping of all. 

It is my contention that everyone to a 
greater or lesser degree possesses some 
amount of structural “instinct” or “gut sense,” 
simply because our very own bodies are 
physical structures subject to the forces of 
gravity and wind, among others. The basic 
act of walking, for example, is an incredibly 
complex feat of balance and motion that 
young children of a certain age nonetheless 
perform subconsciously with ease. And yet 
for all our advanced technology, even to-
day’s most sophisticated robotic devices 
have yet to truly master this task. While 
conscious awareness of this structural gut 
instinct varies widely among individuals, it 
can nonetheless be stimulated and  lever-
aged as an aid to conceptual  structural un-
derstanding, as well as itself strengthened 
through reflection and practice. Further- 

 
more, it is possible to draw upon this sense 
in connection to the mathematical calcula-
tions associated with the discipline to aid in 
making sense of what could otherwise be 
perceived as  abstract notions. 

What’s Haptic-ning? 

I’ve always liked the sound of the word 
“haptic.” These days It’s all the buzz in vir-
tual reality circles, with devices that are 
enabling users to interact with computer 
systems by using resistive joysticks, sens-
ing gloves, and a host other mechanisms in 
development. These devices can provide 
tactile feedback in a virtual computer simu-
lation of the world much as one would ex-
perience resistance in actual direct contact 
in the physical world. The word itself derives 
from the Greek haptesthai, which means to 
touch. We gather information about the 
world though our senses, and the sense of 
touch is the most fundamental of all.  

Accordingly, encountering resistance in a 
material is inherently different from merely 
reading about the same property in a text-
book. It is this feedback loop of material 
contact that is capitalized upon when we 
incorporate hands-on experiences into 
coursework. More than 150 years ago 
American naturist/ philosopher Henry David 
Thoreau made similar observations of stu-
dents in his own day when he wrote “Which 
would have advanced the most at the end of 
a month,—the boy who had made his own 
jackknife from the ore which he had dug and 
smelted, reading as much as would be nec-
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essary for this,—or the boy who had at-
tended the lectures on metallurgy at the In-
stitute in the mean while, and had received 
a Rogers' penknife from his father? Which 
would be most likely to cut his fingers?” 
(Walden 65) 

The use of physical models in education is, 
of course, nothing new and is a time-hon-
ored tradition to teaching in the sciences, 
such as in physics classes. In carrying on 
this tradition, then, there are a variety of 
simple lab exercises, classroom demonstra-
tions and experiences I introduce to begin-
ning structures students periodically through-
out each of our two-semester sequence. 
Some of these are full-fledged lab experi-
ments with a more formal rigor, while others 
are designed to illustrate concepts that are 
often difficult for new students to grasp, 
such as moment of inertia or restrained col-
umn buckling. Not only do they aid in con-
ceptual understanding, but students who 
find technical courses challenging often ex-
cel at the hands-on experiences, and fur-
thermore the perceived dryness and drudg-
ery of structures as a discipline can be less-
ened. In addition, design can be allowed to 
enter in and an element of playfulness 
added. 

Nowadays, “active learning” is the term 
used to describe an educational environ-
ment that encourages the participatory in-
volvement of students in the their own learn-
ing experience. So now, a century and a 
half after Thoreau, academia has finally 
caught up with his forward thinking and ac-
tive learning is itself a domain of pedagogic 
scholarship.  

Hands-on lab classes thus form an impor-
tant active-learning component to my struc-
tures classes. Typically, I try to create con-
ditions of failure that can be analyzed and 
discussed to better understand how to cre-
ate safe structures. This paper briefly de-
scribes several of the types of experiences 
that been used over the years in conjunction 
with the more traditional lecture period. 
Each type of project uses simple and readily 

available materials to keep costs down, 
while at the same time not cutting short the 
educational value. The lab assignments 
normally require a brief write-up to ensure 
both accountability and to facilitate reten-
tion, not to mention serving also as a 
checkpoint on student attendance.  

Elasticity Lab: The Power of Plastic 

The elasticity lab capitalizes on the proper-
ties of ordinary plastic bags to simulate a 
material tension test with results that very 
closely mimic those of structural steel.1 You 
don’t need a massive and expensive Tinius-
Olson test machine to reinforce the basic 
concepts of elasticity when common trash 
bags will do the trick just as well.  

This lab evolved out of an observation I 
made many years ago of certain types of 
plastic bags. I found that when cut into 
strips and stretched, they would exhibit a 
mild amount of elastic behavior and would 
return to their original shape when the force 
was released. With continued increase in 
force, however, I noticed a decided yield 
point where permanent deformation would  
set in beyond a certain level of stress. Fur-
thermore, I noted that with continued force 
application the yielding would continue 
throughout the length of the strip until the 
entire length was yielded (with a surprising 
amount of elongation). After this point, the 
material entered a strain-hardened phase 
whereupon the “stretchiness” became con-

 
Figure 1. Elasticity lab using strips from plastic bags 
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siderably less and the material noticeably 
tougher, with a significant increase in force 
capacity. Further increase of tension  on the 
plastic, though, eventually resulted in a very 
sudden rupture of the strip with a strong 
“snap!” 

This at first was a random observation that 
worked on various materials like bread 
bags, shopping bags and so on., but defi-
nitely not all. Finally after considerable ex-
perimentation the ideal material for my pur-
poses was determined to be heavyweight 
industrial-strength black plastic trash can 
liners. It was obvious that its force/ deforma-
tion behavior mimicked structural steel to 
such an extent that it would be worthwhile 
formulating in a lab fashion. Furthermore, 
this material has the very nice characteristic 
of changing to a light shade of grey (almost 
translucent, in fact) that makes recognition 
of the yield point very obvious. It also turned 
out to be an extremely affordable learning 
experience as well. Besides using a mate-
rial that from its very inception is destined 
for a landfill, the only additional supplies 
needed were a linear spring scale, a yard or 
meter stick, and duct tape. (Figure 1) 

In conducting this as an in-class lab experi-
ment (and even knowing that the character-
istics of this material were so similar to 
structural steel) the outcome was surprising 
even to me. As can be seen in Figure 3, the 
resulting force/deformation graph for the 
plastic is strikingly similar to a typical stress/ 
strain graph for mild structural steel found in 
any elementary text on structures.2 

By having students take the force/deforma-
tion measurements and create this graph, 
related discussions of material elasticity and 
stress/strain diagrams take on an added 
dimension beyond a cursory reading; stu-
dents begin to develop a feel for a common 
building material that would not otherwise 
be possible, simply because of the magni-
tude of force needed for similar experiments 
in steel.  Nevertheless, as important as this 
outcome is, I don’t stop with just creating 
the graph. Many additional valuable lessons 
can come from this simple experiment. 

Having completed the experiment and 
logged all measurements, students are next 
required to compute the approximate struc-
tural properties of the plastic material. 
Knowing the amount of force at the yield 
point and the cross-sectional area of the 
plastic strip (they are simply given the bag 
thickness as being 4 mils), the stress level 
at yield may be calculated. Having meas-

 

 
Figure 3. Comparison between lab class graph results 
(upper image) and stress-strain diagram for mild 
structural steel (lower image). 

 
Figure 2. Moment of yielding in plastic strip 
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ured the amount of deformation at yield 
relative to its original undeformed length, 
the strain be computed. Now, having calcu-
lated these two values, the approximate 
elastic modulus for the plastic can be de-
termined as stress divided by strain. Nor-
mally, I will also give some of this informa-
tion in mixed units (e.g. the plastic thickness 
and width in inches and the force and de-
formation in SI) to reinforce the process of 
dimensional analysis in calculations. 

After computing the yield stress and elastic 
modulus for the plastic, the next step is to 
make comparative  calculations with the 
material they’ve been replicating, structural 
steel. In calculating the ratio of stress and 
elastic modulus of structural steel to that of 
plastic, students learn that  while steel is 
close to 100 times the strength of the plas-
tic, it is on the order of tens of thousands of 
times stiffer than plastic. And so the signifi-
cance of, and the distinction between, 
strength and stiffness is facilitated by this 
exercise—a common struggle for many new 
students to otherwise understand when pre-
sented in the abstract. 

In addition to all of the above, there are yet 
more lessons to be wrung from this experi-
ment. From here we may proceed to dis-
cuss other important related phenomenon in 
a conceptual manner. First, many of the 
strips will (despite taking care in cutting) end 
up with irregularities that result in premature 
failure before the entire length has yielded. 
The concept of stress concentration then 
becomes vividly significant.  

Second, discussion of the concept of iso-
tropic versus anisotropic materials is also 
possible. Although it seems natural to as-
sume that, since the plastic is apparently 
uniform and homogeneous, it will respond to 
stress the same in all directions. In a related  
(and accidental) discovery about this mate-
rial, though, I noted that the clear yielding 
behavior is true only in one direction (cross-
wise to the length of the bag)3 There is ef-
fectively a “grain“ to the plastic even though 
it appears uniform. Demonstrating this in 

front of class with strips that appear identi-
cal (I use a video display projector to show 
them more clearly to a larger class) makes it 
obvious that there can be surprising differ-
ences in a material’s response to force ap-
plication depending on how it is oriented. 

Lastly, during the initial lab experiment as 
the tensile forces become higher, often the 
tape holding the plastic will come loose. 
This can be discussed to illustrate the im-
portance of secure connections, or in the 
case of steel reinforcement, the idea of 
bond and development length.  

So, as can be seen, from this one simple 
and inexpensive experiment all of these vi-
tally important concepts of structural materi-
als can be not just talked about, but viscer-
ally experienced by students. Through this 
activity, a lasting experience is possible that 
makes the abstract idea of elastic modulus 
and other material properties very real. 

Before ending this discussion about the 
elasticity of plastic bags, it is very much 
worth noting another related demonstration. 
In this case the plastic strips can be used to 
describe the behavior of reinforced con-
crete. Here, the composite action of steel 

 
 

 
 
Figure 4.  Pseudo “concrete” beam of cardboard using 
plastic bag strips as bottom tensile reinforcement.  
Ductile failure of under-reinforced beam (upper image) 
versus brittle crushing behavior of over-reinforced 
beam (lower image) 
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and concrete is replicated by using the plas-
tic as “tension steel” in a cutaway beam 
section (I use a simple box beam of corru-
gated cardboard), with a strip of corrugated 
cardboard as the “concrete” in compression. 
By varying the amount of plastic used as 
reinforcement, the concept of under- rein-
forcing a beam versus over-reinforcement is 
made dramatically clear. Students learn viv-
idly why the notion of “if a little steel is good, 
then more must be better,” is a mistaken 
one. 

With a small amount of the “plastic steel” in 
place at the bottom of the beam and press-
ing down with one’s hands, a very ductile 
and flexible member is developed, one that 
exhibits a sizable amount of deflection un-
der load. But in replacing the small amount 
of plastic with a much larger amount, the 
beam becomes stiff, rigid and unyielding. 
The failure is shifted from that of a gentle, 
ductile stretching of the plastic to a sudden 
almost violent crushing of the cardboard. 
Few students have trouble understanding 
why “under-reinforcing” a concrete beam is 
actually a desirable and good thing after 
that.  

Although performed only as a demonstra-
tion and not yet developed into a lab ex-
periment, this could easily be done. One of 
the lessons beyond the over- under-
reinforcement concept could possibly in-
clude computation of the internal couple 
moment in resisting a measured applied 
load and corresponding external moment. 
And as described above with the elasticity 
lab itself, the importance of proper bond of 
the reinforcement c an be illustrated through 
varying the length of duct tape used to at-
tach the plastic strips to the beam. If the 
tape comes loose before either the plastic 
yields or the cardboard crushes, then clearly 
a bond failure has occurred and a longer 
length of tape is needed! 

K’NEX…or, “Did Somebody Say  
Triangulation?” 

K’NEX are a children’s toy based on a kit of 
parts that are most fundamentally a set of 
rods and connectors. An absolute trove of 
ancillary parts including decorations, small 
battery-operated motors, tiny doll-people, 
roller coaster carts and so on are also avail-
able. But for the structures class, however, 
the elements of greatest interest are the 
rods and connectors. The K’NEX corpora-
tion has been a wonderful supporter of edu-
cation in the past, and has graciously pro-
vided donations of materials from produc-
tion overruns, irregularities, demonstrations, 
and so on for use in my classes. 

If you are not already familiar with this popu-
lar toy, the concept is quite simple. The rods 

(which snap into place with the plastic con-
nectors in a tab-and-socket fashion) are of 

 
Figure 5 Bottom chord tension failure of K’NEX truss 
loaded with approximately 120 pounds of bricks. 
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varying lengths, with each length increment 

advancing by the square root of two. Thus a 
right triangle is formed by two rods of the 
same size on two sides, plus one rod of the 
next size up on the third. Approximately a 
half dozen sizes  of triangulation are possi-
ble through this scheme. The connectors 
range from straight in-line, to 45º to 360º 
around and all angles between at 45º in-
crements. Furthermore, although the basic 
connectors are planar, there are certain 
types  that connect to one another or-
thogonally thereby making spatial triangula-
tion possible. It’s simplicity and flexibility is 
truly genius.  

Students enjoy working with these because 
they are quick and easy to manipulate and  
construction can be readily modified. I have 
used these as the “Magic Bullet” (to use Ed 
Allen’s term) of my first structures class to 
have students build truss bridges with very 
little direction beyond giving them the pieces 
and having them span a given distance to 
carry the most load with the lightest struc-
ture possible. Loaded with steel weights, 
they learn not just the significance of trian-
gulation in a spanning element, but many 
other important considerations.  

Since the trusses are to be free-spanning 
between the ends (a 30 inch span is about 
right), a very common failure mode is lat-
eral-torsional buckling. They see that pro-
portionally lower and wider cross-sections 
are far less prone to this failure than taller-
narrower approaches. Nevertheless, they 
also learn that there is a limit to how flat one 
can build as the depth of the truss is seen to 
correlate to the absolute load it can carry. 

Joint separation is the most common failure 
mechanism and is really the greatest weak-
ness of the system in a tensile load. I do, 
however, make them aware of this weak-
ness beforehand and challenge them to find 
a workaround for it. (Figure 5)  Students can 
be very ingenious with their solutions, which 
range from overlapping parts much as one 
would overlap wood in a laminate, to simply 
altering the direction of the connector. 

 

 
Figure 6. K’NEX beam loaded by cantilever arm with 
sand bucket filled from upper bucket. Lateral-torsional 
buckling clearly evident as failure mode (lower image).

 
Figure 7. Top chord compression failure of K’NEX rod 
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A much more rare occurrence that really 
happens only in the members which suc-
cessfully address the lateral-torsional buck-
ling and connector issues, is when one of 
the compression rods will actually buckle 
under load. (Figure 7)  Each of the afore-
mentioned failure modes becomes an op-
portunity for discussion in relation to their 
significance in horizontally-spanning truss 
members. 

I have gone through a number of variants 
on this particular exercise. As noted, one 
has been as the “magic bullet” first class 
exercise, and it has proven to be very suc-
cessful in that manner, especially when I 
“close the loop” and provide feedback on 
the designs to the class as a whole. The 
“winner” of this project is the one that dem-
onstrates the greatest load capacity to self-
weight ratio, with runners-up being those of 
ingenious design or possessing other 
unique attributes. 

I have also used this project is as an end of 
the semester competition where the truss is 
designed to be free-standing across the 
span, and once as part of a “Rube Goldberg 
device.” In this elaborate scheme, not only 
did the students create the trusses, but the 
loading was done through a lever arm with a 
bucket of sand attached. The twist here was 
that the sand bucket was filled from above 
by another bucket that initially is plugged by 
a rod. (See figure 6) This rod was knocked 
out (starting the sand flow) as the end ac-
tion of the “Rube Goldberg contraption.” The 
device itself was left open to the imagination 
of the students and some were truly ingen-
ious. 

In place of horizontal trusses, I have had 
students perform compression tests of 
K’NEX columns as well. (Figure 8) The fail-
ures of these projects are typically less 
dramatic than the trusses; however, it is 
really quite surprising how much load they 
can be made to carry. Load capacity to self 
weight is here again the criterion, but the 
discussion of a variety of failure modes be-
comes possible, including overall buckling 

versus localized buckling, torsion, and acci-
dental load eccentricity and the P-Delta ef-
fect. 

In other applications of this very flexible 
educational device, they can be used in 
conjunction with discussions of lateral load-
ing. Clearly, as triangulated members the 
application as vertical trussing in a building 
frame is a natural one. But a simple horizon-
tal two-bay box structure can be used in 
conjunction with a linear spring scale pulled 
by hand at the upper center joint to demon-
strate progressively: A flexible roof dia-
phragm with horizontal or lateral trussing (it 
is effectively a semi-moment resisting 
frame); a braced frame with flexible dia-
phragm by trussing each side but not the 
top; and a rigid diaphragm with braced 
frame by trussing both the sides and the 
top. (Figure 9)  Progressing through this se-
quence and measuring the amount of force 
the frame will take, one moves from a rather 
flexible to an absolutely rigid structure, with 

 
Figure 8. K’NEX column load test. Note Buckling of 
various rod members. 
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a corresponding increase in capacity for lat-
eral resistance and decrease in the amount 
of horizontal deflection (drift).  

Continuing the demonstration (or lab) 
above, if only one side is braced, the struc-
ture with a load at the center will experience 
a clear torsional rotation, thereby illustrating 
the importance of symmetric bracing. If the 
top diaphragm bracing is removed, the 
amount of torsion is reduced considerably, 
showing that flexible diaphragm systems 
can be safely designed by ignoring any ef-
fects of torsional loading.  

Lastly, the horizontally braced top dia-
phragm with one vertical side brace can be 
again modified, this time with an orthogonal 
pair of truss members on the sides perpen-
dicular to the loading. The amount of torsion 
is again reduced to nearly zero, thus illus-
trating the concept that a structure with 
bracing located eccentrically from the cen-
terline of loading will not experience torsion 
if at least two orthogonal walls are present. 
Remove one of these trusses and most of 
the torsion will return, thus reinforcing this 
understanding. If calculations are intro-
duced, one can compute the magnitude of 
the resisting couple forces by simply meas-
uring the moment due to the measured ap-
plied force and the distance away from the 

parallel braced wall, and dividing by the 
space between the couple walls. 

These are just a few of the many ways this 
versatile child’s toy can be employed as a 
kinesthetic sensory experience of structural 
behavior. Taken as a whole with all the vari-
ants possible, K’NEX is one of the mainstay 
devices I use for physically modeling struc-
tural behavior in my classes at all levels. 

The Impossible Cube 

As with many who teach building technology 
or structures, I find that the work of Santiago 
Calatrava provides for a fount of exemplary 
material in contemporary design. We drawn 
upon this for illustrative examples in projects 
that unite and express engineering princi-
ples clearly as an intrinsic part of architec-
ture. Lesser known, however are Cala-
trava’s sculptural works, many of which 
push the boundaries of structural potentiali-
ties and seem to defy gravity. I use these 
both as examples and, in once case, as an 
inspiration for a particular student project 
based on his many “cube” sculptural stud-
ies. (Figure 10) 

I began having students make these “im-
possible” cubes a number of years ago in 
small-scale models as a way to bring a 
sense of art and design into structures 

 
Figure 9. Lateral forces lab. Measuring horizontal 
deflection of two-bay braced truss frame 

 
Figure 10. “Head XIB” Cable and single strut-
supported ebony cube by Santiago Calatrava1 
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class. Although the project does not involve 
calculations (the three-dimensional statics 
are a little too involved for an introductory 
class), it nevertheless draws once again on 
the haptic principle of getting a real “feel” for 
balance and stability, plus it’s just a fun pro-
ject in and of itself. 

The assignment is basically simple. Stu-
dents are asked to provide a support for a 
cube of solid wood 4 inches on a side in a 
non-redundant manner, such that the re-
moval of any one element will lead to a fail-
ure of the entire object. (Figure 11a) The 
primary restriction is that the supporting 
members cannot have end fixity…stability is 
to be achieved by the use of tension cables 
only.  

It is important that the cube of wood be solid 
so that its mass will be distinctly activated 
by gravity. In the past some students have 
made them hollow and, while they may look 
nice and appear to address the project 
statement, at a small scale it is easy to 
“fake” the support and have it stand up 
merely by friction or stiffness. It is definitely 
acceptable (and I tell them desirable) if the 
cube sculpture is stable only in one configu-
ration such that if, for example, the sculp-
ture is turned upside-down it will fall apart. 
The goal is to find the absolute minimum 
members that will achieve both vertical and 
lateral stability, and to search for the under-
lying structural elegance in that minimalism. 

Some students really fly with this problem 
and come up with some truly inventive de-
signs, but any serious attempt provides for a 
meaningful learning experience. Most fun-
damentally they are learning the necessity 
of spatial triangulation involving one strut 
and two cables in a pyramid formation. 
Such a configuration can provide for both 
vertical as well as horizontal load resis-
tance, and even in its simplicity a huge 
number of variations are possible. Another 
understanding is of learning just how difficult 
it is to construct something that appears so 
simple…it becomes evident to all that hav-

ing several extra hands would be very help-
ful in the construction of these models! 

While this project has been done most often 
at a desktop scale, one year I ramped this 
up to the large size with cubes three feet on 
a side. (Figure 11b)  For this class it was 
done in a two-stage group process. Teams 
of seven or eight students broke down into 
several smaller groups, each of which cre-
ated their own design. These models were 
reviewed and discussed in the same man-
ner as I had done in previous years. From 
here, though, each of the overall teams then 
chose amongst themselves which of the 
several models they most wanted to build at 
a large scale.  

On their own and outside of class period, 
each team then worked as a whole to pro-

 
 

 
 
Figures 11a & b. Cube project at desktop model scale 
and full-scale erection. 
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duce the components of the large-scale 
model. To reduce the weight and alleviate 
excessive lateral force due to wind loading, 
the solid “cubes” at the large scale became 
hollow frames with mesh or screening to 
give the appearance of being solid. One 
class period was set aside for the erection 
of the cubes with each team working to-
gether, and the new challenges posed in 
constructing at the large scale became evi-
dent to many of the teams. Some who 
thought they had figured out the stability of 
their small-scale model, for example, 
learned that when gravity really came into 
play, they had in fact overlooked something 
and some quick field adjustments were 
necessary. Other groups encountered situa-
tions they had never thought of, such as the 
unpredictable response of soft soil to a large 
lateral thrust from a strut. In the end, 
though, all of the teams had a successful 
installation of their projects. These large-
scale “impossible” cube sculptures were 
then on display for the entire school and 
University to enjoy for about two weeks af-
terward. 

Seismic Shaker Table 

One of the more important considerations 
that I spend a sizable portion of the second 
semester on is stressing the importance of 
designing structures for lateral forces. Al-
though our school location on the east coast 
means that for most of our graduates the 
significant lateral force they will be con-
fronted with is hurricane wind load, I spend 
a reasonable amount of time introducing the 
principles of seismic loading and proper de-
sign to mitigate undesirable effects such as 
torsion or poor design choices such as soft 
stories. With increasingly stringent seismic 
design requirements of the IBC, more and 
more projects on the east coast must also 
be checked for earthquake loads in areas 
that in years past had no such requirement.  

As a supplemental learning exercise to this, 
study, I have introduced a small seismic 
shaker table consisting of a platform at-
tached to a bearing supported frame that 

has eight centering springs (two on each 
side) connected to an outer frame. By ap-
plying force to the platform in any direction, 
the centering springs will always move it 
back to the initial position. The platform can 
be moved simply by hand, or I have also an 
eccentric arm that connects to an ordinary 
cordless drill to act as a constant shaking 
force. By varying the speed of the drill, it is 
possible to get harmonic motions in tower 
models (for example, those made of K’NEX 
or basswood).  

As an end-of-semester project one year, I 
had students create what I called (with 
tongue firmly in cheek), the “Im-Pastable” 
tower, which was made of ordinary spa-
ghetti and hot melt glue. (Figure 12)  The 
18” high towers were locked to the table 
with hold down plates and a brick affixed to 
the top. Varying speeds of drill-induced os-
cillations were then used until the towers 
were shaken to destruction. The criteria this 
time was not really how much load the 

 

 
Figure 12. Soft story failure of pasta tower in shaker 
table test 
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tower could carry, but rather for how long it 
would carry the load under shaking. Each 
pair of students in a team was given an or-
dinary one pound box of spaghetti to work 
with, and as usual the design criteria was to 
make the least weight structure possible. 
Surprisingly, though, the hot melt glue im-
parts a considerable ductility to the other-
wise fragile spaghetti and some of the stu-
dents made towers from that were strong 
enough to actually stand on! Needless to 
say, it was not possible to break these on 
the shaker table, and thus not really possi-
ble to ascertain the true strengths and 
weaknesses of a the design. In future offer-
ings of this exercise, I have learned that a 
much smaller amount of material will per-
form well for this task to ensure that the 
tower can in fact be broken by the shaking 
alone. 

The Structures Journal 

Although there are other projects and dem-
onstrations I do with my classes (for exam-
ple, see Figures14-16) I will close this dis-
cussion with another valuable experience, 
although it is not a lab-type experiment such 
as previously described. This exercise I call 
the “Structures Journal,” and serves as a 
vehicle for helping students become more 
aware of structures they have seen all 
around for their whole life but have never 
taken notice of. As an engineering student, 
one remarkable professor I had for fluid me-
chanics introduced me to this exercise and 
it has left a memorable impression on me 
ever since. The guidelines of the experience 
were remarkably simple: “Keep a log/journal 
of fluidic phenomena in the world around 
you.” In performing this weekly exercise I 
suddenly found myself looking at all kinds of 
things like the way water drained in a tub, 
the wafting of smoke in the air, or the ever 
changing patterns of rolling and billowing 
clouds—all familiar phenomena now seen in 
a new light. Inasmuch as the calculations 
we learned required quite a bit of high level 
integral calculus, I found the journal to be a 
welcome reprieve from this density and 

struggle, and helped bring to life the more 
abstract mathematical formulae. 

And so in this spirit I have introduced this 
project to my own students, though this time 
oriented to structures. (Figure 13)  Since 
one of the important notions I try to impart is 
the ubiquity of structures in the world, in 
their once weekly journal entry, I ask that 
they make five entries from structures they 
observe in the natural world (plants, ani-
mals, etc.), five from the object scale (tools, 

 

 
 
 
 

 
Figure 13. Example structures journal entries 
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household articles and so on), and five from 
the architectural scale (buildings and 
bridges). As we go through the semester, I 
ask that students try to relate their observa-
tions to material we are currently studying. 
For instance, if we are covering moments 
and rotational equilibrium, to look at this 
phenomena in specific. (See figure 13) 

Conclusion 

Structures classes for architectural students 
have a fundamentally different role than 
comparable courses for students of engi-
neering. For the most part architects will not 
be designing actual structures aside from 
perhaps smaller-scale projects, and even 
there the role is normally quite limited. Yet 
the realm of architecture encompasses the 
holistic perspective of buildings in their en-
tirety, including learning to properly plan and 
proportion their structural systems. If a 
building structure is properly conceived at 
the schematic level, then when actual engi-
neering design is undertaken, it will be 
much more likely that wise choices have 
been made such that the engineer is not 
fighting against the forces of nature for sake 
of a structurally ill-informed architect’s 
dream. While I personally have a penchant 
for structures that unite architecture and en-
gineering as an inseparable whole (my he-
roes being the likes of Kahn, Nervi, Foster, 
Candela, Calatrava and so on), I also ac-
cept that my students may not share this 
value. Nevertheless we live in an era of rap-
idly growing awareness of the limitations 
and scarcity of our natural resources, and it 
is increasingly unconscionable that archi-
tects end up causing engineers to “force” a 
structural system to work by virtue of inap-

 
 
Figure 15.  Student design of cardboard beam tested 
in lab class 

 
 
Figure 14. Substantial increase of column buckling load capacity illustrated by progressive alteration to end fixity and 
intermediate bracing conditions on 1/8” diameter piano wire. 
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propriate or inefficient designs at the most 
basic conceptual level. “Making” a structural 
system work, while almost always in some 
way possible, is rarely if ever economical of 
means, or conservative of resources. 

The above hands-on exercises may in some 
cases be short on numeric calculation, but 
are nonetheless long on conceptual import 
and are designed to facilitate the develop-
ment of what has sometimes referred to as 
“structural intuition.” Interspersed with the 
traditional calculations in this type of class, 
they can become an important aspect in the 
way structures classes are taught, and 
serve to reinforce and clarify the analytical 
components. 

So, in the end, what do students think they 
get out of the exercises? Sometimes the 

results are clear in the enthusiasm and en-
ergy they display. At other times the reac-
tions are harder to judge with results that 
are frustratingly mixed. Quite frequently I 
receive many positive comments about 
these experiences as being excellent rein-
forcements to other aspects of the class that 
also address variations in learning styles. 
Yet some other students have remarked 
that they are nothing more than superfluous 
busywork. One student for instance com-
mented that the full-sized cube structures 
seemed to be nothing more than “for show.” 
Or take for example the case of the struc-
tures journal described above. The results 
of this exercise have produced some truly 
outstanding observation records by a num-
ber of students that clearly reveal a deep 
level of engagement with the material. Sur-
prisingly, though, when polling the class 
anonymously, the exercise received a re-
sounding thumbs down.4 In looking at the 
journal entries, though, it seems that al-
though ostensibly unpopular, many students 
do not really realize just how much they are 
learning through the process. 

Nevertheless, despite the lack of universal 
student acclaim, I  am a firm believer in the 
importance of these exercises and will con-
tinue to employ them. I will, however, con-
tinue the search for an optimal balance be-
tween the kinesthetic experiences and 
computational aspects of the classes. In this 
quest, I welcome feedback from others on 
this approach taken to making structures 
both  more engaging as well as a more rich 
learning experience, one that leaves a last-
ing memory and positively influences the 
understanding of fundamental structural  
behavior. 
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Figure 16. Test loading of cantilevered corrugated 
cardboard beam 
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Notes 
 
1 For a complete description of the lab in-

cluding directions on how to set it up and 
record measurements, see “Technology in 
a Trash Bag” in the Summer 2006 Con-
nector newsletter. 

 
2 The purist will argue that there are certain 

inaccuracies in the process, the most sig-
nificant being that the measured deforma-
tion is not simply that of the plastic, but 
also that of the spring in the scale. But in 
the overall scope of things, I believe this to 
be of minor consequence, and that getting 
overly technical and detailed in the proc-
ess would only obfuscate the underlying 
concept. Such refinements could perhaps 
be the topic of more advanced lessons. 

 
3 Not being a materials scientist I can only 

speculate that this is due to a linear 
alignment of polymer chains in the “up and 
down” direction of the bag as it would 
normally be placed in the trash can. Close 
inspection of the material in bright light 
revels subtle but definite and perfectly 
straight parallel striations along the length 
of the bag. I theorize that by tensioning 
across these polymer chains, one is effec-
tively “opening them up” and the clear 
yielding behavior is happening by separa-
tion of the molecules. When stressed 
along the length of the polymer chains, 

 
one is merely elongating or uncoiling them 
without separation. I welcome clarification 
or correction of this speculation by any 
knowledgeable chemist! 

 
4 By way of  personal response devices 

(“clickers”), an anonymous poll was con-
ducted at the end of the spring 2006 se-
mester. The question was posed as fol-
lows: “The structures journal has been a 
useful tool for reflection on material being 
studied in class.”  37% of students dis-
agreed and 45% of students strongly dis-
agreed with this statement, indicating that 
some 92% of the class considered this 
exercise to be essentially without value. 
For a full description of  personal re-
sponse systems in lecture classes, please 
see my paper “Two Way Structures” else-
where in these proceedings. 
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Two-Way Structures: Enhancing Lecture-Based Structures 
Courses with Interactive Personal Response Devices 
Deborah Oakley 
University of Maryland 

 
Introduction 

When we hear the term “two-way structure” 
in an architectural context, we typically un-
derstand this to mean a constructive system 
designed to distribute load (normally gravity 
loads on a floor slab) simultaneously  in or-
thogonal directions to the supporting 
framework, in contrast to one-way struc-
tures that transfer them in a linear manner. 
As a pedagogic concept, in an analogous 
manner the term is used here to describe a 
mechanism to facilatate to the interchange 
and dialog between teacher and student in 
an otherwise conventional lecture format 
class. 

As the number of students in class grows 
beyond a certain size, it becomes increas-
ingly challenging to make connections with 
students at a more personal level. Who that 
has taught in a lecture class has not at one 
time or another been confounded by the 
silence of passive students too timid to 
speak up even when directly questioned? 
Studies have demonstrated that, for many 
students, the traditional classroom lecture is 
an ineffective means to learning and en-
gagement with subject matter. This is not 
only a concern in architecture, but other al-
lied disciplines such as civil engineering 
also face similar, if not identical challenges 
(see for example Bernold 67). 

Active learning techniques have been 
shown to be an effective approach to break-
ing down the barrier of distance and passiv-
ity in the classroom. The essential notion is 
to engage students in the learning process 
and thereby increase understanding and 
retention while adding participation and in-

terest.1 Active learning is the third of the 
seven principles outlined in the seminal 
Seven Principles for Good Practice in Un-
dergraduate Education (Chickering & Gam-
son). 

As an active learning strategy, one of the 
most effective means of teaching structural 
concepts to students of architecture is ar-
guably through a studio-type course. Con-
siderable one-on-one dialog can take place 
in such a setting and basic structural con-
cepts can be applied to hypothetical design 
projects in a more holistic manner with a 
great deal of instructional feedback pro-
vided. The reality for most schools, however 
(and particularly at the larger state-funded 
institutions), is that the relative luxury of 
teaching structures and related classes in 
such a resource intensive manner is not fi-
nancially possible, however desirable it 
might be pedagogically. 

In most cases, then, the lecture format is 
likely to be the predominate mode of in-

 
Figure 1 Typical  Personal Response Devices in Use 
(Photo Courtesy Turning Technologies, LLC) 



304 Building Technology Educators’ Symposium August 2006 Proceedings  
 

structional delivery. Yet despite their proven 
successes, the possible range of active 
learning techniques is more limited in larger 
lecture class settings, and even more so in 
rooms with fixed seating. So with class 
sizes of 75, 100 or more being not uncom-
mon, we remain confronted with the di-
lemma of how to connect with and engage a 
larger body of students. However, at a 
growing number of institutions around the 
world a quiet revolution has been taking 
place over the past decade in the way large 
format lectures are being conducted, one 
that at least in part addresses this challenge 
through modern technology. 

Known variously as “personal response de-
vices,” “‘audience (or classroom) response 
systems”’—or simply as clickers or keypads 
in the vernacular, as the systems will be re-
ferred to herein—these small handheld de-
vices offer a technological means to stimu-
late active learning environments. When 
properly employed, clickers can generate 
more enthusiastic student participation by 
creating an immediately responsive two-way 
learning experience, one not easily attained 
through other active learning approaches in 
larger class settings.2 

Clicker implementation essentially consists 
of a receiver connected to a computer at the 
professor’s end and a remote keypad used 
by students to provide responses to ques-
tions and situations shown in a Microsoft 
PowerPoint-type of presentation. Class re-
sponse results can be instantly tallied giving 
students and professor alike an immediate 
feedback to the level of understanding on 
the question. With such systems it is possi-
ble, for example, to know whether students 
are “getting it” during the lecture itself, not 
merely later on during an exam, and adjust 
lecture content dynamically as needed. 
Carefully crafted questions can generate 
polarized responses that can then be turned 
into peer discussion/learning exercises. De-
pending on the software used, additional 
possibilities such as group competition and 
in-class quizzes are also possibilities. 

Originating in the sciences first in the mid 
1990s, the use of clickers is becoming in-
creasingly widespread in a number of disci-
plines. At my university, as a part of a pilot 
study being made campus wide,3 I spear-
headed the use of clickers in the structures 
curriculum for architecture students for the 
first time in the spring semester, 2006.  The 
remainder of this paper will illustrate how 
they have been used in the introductory 
structures class, some of the results of this 
usage, what has been learned so far, and 
how they are envisioned to be employed in 
future course offerings. Although a number 
of such response systems are available 
(each with their own particular strengths and 
weaknesses), experiences cited herein are 
based on the standard system being 
adopted at the University of Maryland, 
known as “TurningPoint,” marketed by Turn-
ing Technologies, LLC.  

Enabling Technology 

On the popular TV game show “Who Wants 
to be a Millionaire?” when confronted with 
uncertainty in their answer to a question, 
one option contestants are given is to “poll 
the audience.” In so doing, audience mem-
bers provide what they believe to be the 
correct answer using a keypad at their seat. 
The results are immediately tallied by com-
puter and provided in a graph as an aid in 
the contestant’s decision-making. This is 
essentially how clickers operate in a class-
room setting as well. But not being game 
show hosts, what exactly are the types of 
things that we can do with clickers in the 
lecture hall?  

It should first off be realized that the clickers 
are a tool that needs to be properly applied, 
and that in and of itself cannot make bad 
teaching good. But, well employed, clickers 
can be used to facilitate a review of key 
concepts after a lecture presentation for ex-
ample, or to conduct class assessments 
such as obtaining demographic or other 
background information, to get baseline un-
derstanding of a topic, or take polls on sen-
sitive topics that many students might be 
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disinclined from responding to in a non-
anonymous manner. If the software is set 
up to record the student answers explicitly 
versus anonymously, then scored ‘mini-
quizzes’ and tests are possible, as well as 
keeping track of attendance simply by 
checking if the student answered the ques-
tions given that day. In addition, depending 
on the software used, it is possible to do 
more advanced functions such as conduct-
ing in-class competitions. But perhaps most 
importantly, they can be used to facilitate 
peer learning experiences and student-to-
student engagement through questions de-
signed to provoke discussion. In whatever 
manner they are used, the responses are 
immediately displayed for all to see, and 
therein lies the power of the instrument. 

Data generated from the clicker polling is 
also not static to the one slide being shown, 
but all questions and responses in a given 
presentation are stored in a computer 
document that the software can then use to 
create reports in Microsoft Word or Excel. I 
have personally found the MS Excel reports 
to be most useful. A log is kept of each 
day’s questions and answers from each 
student in a cumulative spreadsheet with a 
separate tab for each class period. By in-
specting these reports, it is possible to ob-
tain a clear performance picture for each 
individual student through the course of the 
semester. Attendance information is logged 
into another spreadsheet used for grading. 

Framing Questions to Elicit Dialog 

Figure 2 illustrates a typical PowerPoint 
slide that includes both a question as well 
as student responses after being tallied by 
the computer. Initially any given slide has 
just the question with possible answers, and 
remains with no tallying until either an 
automatic countdown timer (if so set on the 
slide) reaches zero, or the instructor termi-
nates the response period.  

This question was asked during the next 
class day following an in-class exercise de-
signed to help develop a physical feel for 

the relationship of rope tension to inclina-
tion. In the exercise, pairs of student volun-
teers were asked to pull on each end of a 
rope with a 25-pound weight suspended in 
the middle in order to lift it from the ground. 
This was done several times with progres-
sively flatter angles to the horizontal, where 
clearly an ever-increasing force was needed 
to lift the weight from the floor. At very low 
angles, even the strongest men in class 
were barely able to lift the weight! 

As can be seen in this case, a common 
misconception that force in a cable is di-
rectly proportional to its sag (versus the cor-
rect answer of inversely proportional) was 
held by 33 of the 57 students responding 
(these numbers can also be set to display in 
percentage). So in this instance more than 
half of the class either did not correctly un-
derstand the concept or otherwise misinter-
preted the answer, despite the in-class rope 
demonstration the previous day. The con-
cept was then reiterated and discussed 
once more to ensure that a broader under-
standing was achieved, and that students 
would become more aware of subtleties in 
their thought processes. 

One of the best learning events that can oc-
cur with clickers, though, is when a question 
is posed such that it will elicit polarized re-
sponses…that is to say when roughly half of 
the class chooses one answer, and roughly 
half select another. Take for example the 

Figure 2. Typical PowerPoint slide with question  
 and tallied student responses. 
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qualitative question posed in Figure 3 with 
regard to vector equilibrium. Here students 
were asked to mentally reason out the cor-
rect sense (tension or compression) of the 
two members supporting a force “F”. The 
initial responses to the question are summa-
rized in Table 1: 

It is evident that roughly equal numbers of 
students were divided between member “A” 
being either a tension member or a com-
pression member. But now rather than sim-
ply explaining  the correct answer to the 
class, this polarization can then become a 
teachable moment for an active learning 
exercise of peer engagement, where stu-
dents can be asked to speak with one an-
other. At this point typically I will say, “Okay, 
whatever answer you chose, take two min-
utes to talk with your neighbor and convince 
them of why you think you are correct.” 

After the two minutes are up, the same 
question is re-polled. In this case the results 
are summarized in Table 2. As can be seen, 
there was a substantial shift of the majority 
of the class to the correct answer of both 
members “A” and “B” being in tension. At 

this point with the class engaged and more 
alert from an active participation exercise, a 
further discussion can ensue explaining how 
one can mentally (or with a quick sketch) 
break down the vectors into their compo-
nents and do a quick non-numeric equilib-
rium analysis.  

 (Percent) (Count) 
A-Comp., B-Tension 17.0% 9 
A-Tension, B-Comp. 0.0% 0 
A-Tension, B-Tension 83.0% 44 
A-Comp., B-Comp. 0.0% 0 
Impossible to tell 0.0% 0 
 100% 53 
 
Table 2. Responses to question posed in Figure 3  
 after peer discussion 
 
In another example, a true-false question 
about moment was posed following the pre-
vious class where the concept of moment 
was introduced: “The sense of a moment is 
either positive or negative” (Table 3). 

 (Percent) (Count)
True 67.3% 37
False 32.7% 18
 100.0% 55
 
Table 3. Responses to question about moment 
 sense 
 
Although not equally polarized, enough stu-
dents did not grasp the notion that moment 
is described as clockwise/counterclockwise 
versus positive and negative that it was 
clear further elaboration was needed. A 
similar period of peer discussion then en-
sued, followed immediately by another re-
polling of the question. Data in Table 4 illus-
trates a substantial shift in understanding 
after the peer discussion period. 

 (Percent) (Count) 
A-Comp., B-Tension 45.3% 24 
A-Tension, B-Comp. 3.8% 2 
A-Tension, B-Tension 49.1% 26 
A-Comp., B-Comp. 0.0% 0 
Impossible to tell 1.9% 1 
 100% 53 
 
Table 1.  Initial responses to question posed in  
 Figure 3 

 (Percent) (Count)
True 34.5% 19
False 65.5% 36
 100.0% 55
 
Table 4. Re-polling responses to question about  
 moment sense

“What are the correct senses for the un-
known vectors in the system below?” 

 
1)  A-Comp., B-Tension 
2)  A-Tension, B-Comp. 
3)  A-Tension, B-Tension 
4)  A-Comp., B-Comp. 
5)  Impossible to tell 

 

A 
B

F
Figure 3.  Clicker question on vector equilibrium 
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In addition to using clickers to stimulate dis-
cussion, following suggestions in the litera-
ture, periodic  and typically unannounced 
“clicker quizzes” were given throughout the 
semester (Duncan 39). These questions 
were essentially similar to others, however 
they were given a value of two points for a 
correct answer and one point for an incor-
rect answer. Counting overall for 5% of their 
final grade, this was done to provide an in-
centive for students to attend class, and to 
act as token rewards. Generally the ques-
tions were kept simple and any calculations 
were of a very basic nature (For example as 
in Figure 4). The point values are low 
enough so that even if a student incorrectly 
answered every question for the entire se-
mester (unlikely) the worst it could hurt the 
grade is by 2.5% of the final total in a 600 
point class, or 15 points.  Additionally, stu-
dents were informed that the lowest four 
clicker grades would be dropped so as to 
alleviate concern for missing a class or per-
haps forgetting or losing their keypad. 

Back ‘atcha 

In the spirit of the two-way structures class, 
the learning experience is not just on the 
part of the student, but also for the instructor 
as well. One of the things I have learned 
from the student responses, for example, is 
that sometimes wording I took for granted 
was at times the source of confusion. For 
instance, in one clicker quiz, I asked stu-

dents a question I pose every year in the 
entry-level structures class regarding the 
influence of span direction of decking and 
the resulting load shape on the supporting 
member. This question read “Decking fram-
ing perpendicular to a member produces a 
load on this member that is:” (the possible 
answers being ‘uniformly distributed,’ ‘con-
centrated,’ uniformly varying,’ and ‘insuffi-
cient information to tell.’ 

In the past I had implicitly taken the use of 
the word “framing” as a verb when used in 
this context. But I learned here that some 
students were confused by the question 
(“we don’t understand what you’re asking”) 
because they had taken “framing” as a 
noun. Even though I had used this very 
question on quizzes and exams many times 
before and most students did in fact answer 
it correctly, I had never previously received 
feedback that the wording itself was a 
source of confusion for a certain number of 
students. 

In another situation, when discussing buck-
ling behavior a recurrent struggle with  
some students is in developing a correct 
understanding for  the influence of cross 
sectional shape. Which axis is the ‘major‘ 
and which is ‘minor’ seems to typically be 
problematic for about one third of any given 
class. Though I go to great lengths to make 
very clear the distinction of “major axis” ver-
sus “minor axis,” it was only after posing a 
clicker question that read “Identify the 
strong axis of a column with the cross-
sectional shape below” did I come to learn 
that some students were interpreting “strong 
axis” to mean the direction in which the col-
umn is most resistant to buckling. Since 
bucking occurs about an axis, if we say that 
the larger moment of inertia is about the x-
axis, it will be most resistant to buckling 
movement in the direction of the y-
axis…and thus some students interpret this 
to mean that the strong axis is the y-axis 
because it is not inclined to move in that 
direction. This is a very subtle distinction, 
one that I had heretofore not picked up on 

Figure 4. Typical “Clicker Quiz” 
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but which I will be certain to be clear about 
with future classes. 

Problems in Paradise 

Despite the promise, at present all is not 
golden and there are hidden ‘costs’ and 
challenges that go along with the technol-
ogy. To paraphrase a saying, it is seldom 
that a solution to one problem does not itself 
breed new problems. As with any new tech-
nology there are bound to be unforeseen 
difficulties with its early implementation, 
both in terms of the learning curve for the 
user as well as in maturity of the software 
itself. It is therefore important when adopt-
ing a new device such as clickers that one 
be careful to not overdo things or hold initial 
expectations too high.  

With regard to the learning curve, despite 
the glitzy show of the corporate presenta-
tions touting its ease of use, I found that 
even with a fairly strong background of com-
puter usage it took a substantial time in-
vestment in the early part of the semester in 
learning to use this tool. Of course in being 
a part of the pilot program on campus I’m at 
the “bleeding edge,” as it were. A well-
developed training program for users has 
yet to emerge, which in time will alleviate 
the struggles of learning its use on one’s 
own.  

Operationally (at least with the version of 
TurningPoint we used) I found that Power-
Point itself ran more sluggishly and took no-
ticeably longer to start up. In addition, un-
documented characteristics, poorly docu-
mented features and specific operational 
quirks were frustrating. At times I could 
sense irritation in some students with occa-
sional system problems and things not al-
ways going according to plan in class. I dis-
covered, for example, that unless one is us-
ing a dual computer/projector setup, one 
cannot easily embed many photo images 
with clicker questions in the same presenta-
tion. Doing so creates difficulties in terms of 
generating excessively large response data 
file sizes and file save times that strain 

computing resources. For now, my work-
around is to either not include or otherwise 
greatly limit the use of images in presenta-
tions with clicker questions. This operational 
encumbrance significantly limits the flexibil-
ity in usage of the system at present. 

Nevertheless, these issues should be taken 
as growing pains attributable to early adop-
tion, and some are likely unique to this par-
ticular software package. It does, however, 
underscore that one should expect the un-
expected. Feedback has been delivered to 
the software vendor that hopefully will result 
in corrections to these and other limitations. 
Furthermore, as with anything else, effective 
and efficient use also comes with user ex-
perience. The literature indicates that with 
continued usage, the favorable response 
from students about the use of clickers in-
creases. 

Finally there can also be the cost factor as-
sumed by the student. Although some pub-
lishers are bundling clickers with textbooks, 
this only works with compatible software 
systems. Some schools may also purchase 
clickers that stay with the room and stu-
dents only use them in that class, but this 
limits the student-specific information that 
can be gathered. At the University of Mary-
land, students are required to purchase the 
keypads for $48. Although to a student this 
cost is not trivial, they may sell them back to 
the bookstore at half cost, or sell them to an 
upcoming student the next year, so the ex-
pense is mitigated and can be thought of 
more akin to a ‘rental’ fee. Since the system 
is being adopted here campus-wide, it is 
anticipated that incoming freshman students 
will purchase the keypads and retain them 
throughout their college career and use 
them in multiple classes. 

Some Initial Outcomes and  
Surprising Findings 

In the final class for the semester, an 
anonymous survey using clickers was taken 
to assess the impact and effectiveness of 
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their use. Questions related to clicker usage 
in specific are shown at the end of this 
document. Other questions related to spe-
cific course activities were also asked but 
have been omitted as being out of context in 
this presentation. Some questions of a simi-
lar nature were asked more than once 
where there was something I was very spe-
cifically interested in knowing, such as how 
much students felt clickers helped their 
learning experience. 

The results of this initial implementation, 
while very encouraging, are also not over-
whelmingly positive and indicate that there 
is ample room for improvement in the effec-
tiveness of this new tool. But considering 
that this is the first time the system has 
been employed and that the learning curve 
was at times steep, this is not surprising. 
And in point of fact approximately one half 
of the students polled either ‘agreed’ or 
‘strongly agreed’ that clickers made the 
class material more engaging.  

There was a fairly even polarization of opin-
ion whether clicker questions should have 
point values in the form of “clicker quizzes,” 
with 20 students either ‘agreeing’ or 
‘strongly agreeing,’ and 19 either ‘disagree-
ing’ or ‘strongly disagreeing,’ and the re-
mainder being ‘neutral.’ For the most part, 
students were no more inclined to come to 
class when they otherwise would not have 
because of the clickers. 

A few results were quite astonishing. For 
one, I learned that over two-thirds of the 
class either seldom or never read or con-
sulted  the class textbook (Structures, by 
Daniel Schodek). Even more surprising was 
that 6% seldom and 92% never used the 
CD-ROM that comes with the text which 
contains sample problems and excellent 
step-by-step presentations—this despite 
showing the CD in class on a number of oc-
casions. I continue to ponder the meaning 
of this and how to address it, with one pos-
sibility being the use of clicker quizzes im-
mediately following assigned reading. 

Looking to the Future 

Having now worked with clickers for one 
semester, many of the system ‘bugs’ are 
now worked out. The learning curve has 
leveled and I have become comfortable with 
most all features of their use. The initial re-
sults are encouraging enough to indicate 
that with continued practice, clickers will 
have a useful place in the teaching of this 
and other similar lecture classes. In specific, 
I plan to implement the following changes in 
the fall semester: 

• Using clickers in connection with in-
class demonstrations (e.g., “what do 
you think will be the behavior or this 
element?” etc.) 

• Clicker quizzes right after lecture 
presentations to reinforce the key 
ideas. Students who frequently don’t 
take notes may find more incentive to 
do so. 

• Outcome assessments immediately 
after a lab session or project 

• More repetition of principle ideas and 
questions on basic concepts 

 
Conclusion 

That clickers are a useful means of engag-
ing students in the classroom has been de-
monstrated repeatedly through careful stud-
ies in a variety of disciplines. The evidence 
strongly supports that this technology facili-
tates active learning environments in large 
lecture settings, increases student interest 
and enthusiasm, and helps provide feed-
back to their level of understanding.  In the 
context of teaching structures to architec-
tural students, this is potentially an impor-
tant technology to combat the “snooze fac-
tor” commonly encountered. Structures 
class need not be so dryly abstract that it 
drives out the desire to learn it from our stu-
dents. But technical competence at some 
level is expected and clickers represent one 
more tool in our belt to help develop the 
best critical thinking skills in the future gen-
erations of young professionals. 



310 Building Technology Educators’ Symposium August 2006 Proceedings  
 

Appendix: Representative Exit  
Survey Question Results 

The semester exit survey was given with the 
clickers in an anonymous mode, controlla-
ble by the software, to help ensure sincerity 
of response. Representative questions from 
this survey and the response rates are 
shown below.  There were several students 
absent that day, as well as another few who 
forgot their clickers or had problems, so the 
sample is less than the full class size of 58.  

The numbers at the far right of each table 
represent the number of responses to each 
question choice, and the corresponding 
percentage of those who responded. Note 
that not all students responded to all ques-
tions. This at times is due to functional prob-
lems with the keypad device (not pushing 
the button properly) and, I believe, a certain 
amount of apathy among those students 
who feel the clickers are not a useful tool. 
Perhaps another question could be added 
to this reading something like “If you did not 
respond to each question, please indicate 
your reason.” 

 

The use of clickers has made this 
course material more engaging 

 
Strongly Agree 8.3% 4
Agree 41.7% 20
Neutral 29.2% 14
Disagree 12.5% 6
Strongly Disagree 8.3% 4

 100.0% 48 

For me, earning “clicker points” mo-
tivates me to come to class 
 
Strongly Agree 4.0% 2
Agree 28.0% 14
Neutral 26.0% 13
Disagree 18.0% 9
Strongly Disagree 24.0% 12
 100.0% 50 

Clicker questions helped me to know 
how well I was learning the material 
 
Strongly Agree 4.1% 2
Agree 36.7% 18
Neutral 22.4% 11
Disagree 24.5% 12
Strongly Disagree 12.2% 6
 100.0% 49 

I chose my answer to each clicker 
question carefully 
 
Strongly Agree 25.0% 12
Agree 37.5% 18
Neutral 22.9% 11
Disagree 12.5% 6
Strongly Disagree 2.1% 1
 100.0% 48 

By using clickers in this class, I got 
feedback on my understanding of 
class material 
 
Strongly Agree 8.0% 4
Agree 42.0% 21
Neutral 26.0% 13
Disagree 16.0% 8
Strongly Disagree 8.0% 4
 100.0% 50 

Clicker questions should periodi-
cally have point values (“clicker 
quizzes”) 
 
Strongly Agree 8.3% 4
Agree 33.3% 16
Neutral 18.8% 9
Disagree 20.8% 10
Strongly Disagree 18.8% 9
 100.0% 48
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I attended class when I otherwise 
would not have because of the  
clickers 
 
Strongly Agree 8.5% 4
Agree 12.8% 6
Neutral 17.0% 8
Disagree 25.5% 12
Strongly Disagree 36.2% 17
 100.0% 47 

I used the course web site: 
 
Frequently 12.5% 6
Fairly often 31.3% 15
On occasion 43.8% 21
Seldom 10.4% 5
Never 2.1% 1
 100.0% 48

I read and consulted my textbook: 
 
Frequently 2.1% 1
Fairly often 4.2% 2
On occasion 25.0% 12
Seldom 41.7% 20
Never 27.1% 13
 100.0% 48  

I consulted the book-supplied CD: 
 
Frequently 2.0% 1
Fairly often 0.0% 0
On occasion 0.0% 0
Seldom 6.1% 3
Never 91.8% 45
 100.0% 49

 
 

When planning an architectural 
space in my studio projects, I see 
structural principles as influential in 
my decision-making: 
 
Strongly Agree 14.3% 7
Agree 40.8% 20
Neutral 22.4% 11
Disagree 18.4% 9
Strongly Disagree 4.1% 2
 100.0% 49

As supplementary learning experi-
ences to the more calculation-based 
material, the hands-on projects (in-
class and assigned) were: 
 
Very helpful 12.0% 6
Somewhat helpful 56.0% 28
Neutral 20.0% 10
Not very helpful 10.0% 5
Useless 2.0% 1
 100.0% 50 

 

When looking at the natural envi-
ronment, I now see structural forces 
and patterns that were always right 
in front of me that I never took note 
of before: 
 
Strongly Agree 2.4% 1
Agree 65.9% 27
Neutral 22.5% 9
Disagree 7.3% 3
Strongly Disagree 2.4% 1
 100.0% 25

 

How many hours per week did you 
typically spend on this class outside 
of lecture? 
 
More than 12 2.2% 1
10-12 6.5% 3
8-10 6.5% 3
6-8 39.1% 18
Less than 6 45.7% 21
 100.0% 46
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Notes: 

1 The literature available on Active Learning 
has grown to staggering proportions in re-
cent years, and active learning theory falls 
outside the scope of this paper. The 
reader is directed to publications including 
books such as Silberman’s Active Learn-
ing: 101 Strategies for very practical tech-
niques, and to Internet recourses such as 
the Active Learning Site, which provides 
links to scores of publications in a wide ar-
ray of disciplines. 

 
2 For an in-depth scholarly study of the re-

search available on classroom response 
devices, the reader is directed to Banks 
(2004), which contains more than two 
dozen papers by authors in a wide array of 
disciplines. 

 
3 A study made by the University of Mary-

land Robert H. Smith School of Business 
(Shmueli and Malaga) determined that the 
TuningPoint system by Turning Technolo-
gies offered the greatest benefit over 
competing vendors, largely due to the in-
tegration with Microsoft PowerPoint and a 
more fully-developed software at the time 
of the study. Following a later separately 
conducted campus-wide study that took 
into consideration a favorable pricing 
structure offered by Turning Technologies, 
TurningPoint has been established as the 
new University Standard. An ongoing pilot 
program jointly run by the Center for 
Teaching Excellence and the Office of In-
formation Technology is now underway in 
departments throughout campus, including 
my structures class in the School of Archi-
tecture, Planning and Preservation. 
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Introduction 
 
The discipline of structural engineering is 
quite explicit about the probabilities, causes, 
and prevention of structural failure.  In 
reinforced concrete design, for example, the 
probabilities of overloading (about 1:1000) 
and of inadequate strength (about 1:100) 
result in a structural failure probability of 
about 1:100,000, or 0.001 percent.1   But 
what of other "building technology" failures 
that occur primarily within the architect's 
purview?  It is commonly acknowledged that 
a much greater percentage of buildings 
experience non-structural failure, in 
particular failures of the building envelope:  
one study conservatively estimates that 
such failures occur at a rate of 3 to 5 per 
cent.2   What are the causes of non-
structural failure and what strategies could 
reduce their occurrence?  This paper 
proposes to investigate one aspect of these 
questions by looking at the relationship 
between building envelope failure and 
attitudes towards design.  A concluding 
section examines the implications for 
pedagogy and practice. 
 
Traditional construction 
 
Failure in traditional, pre-modern, building 
typically results from the misuse of materials 
or methods of construction, whether from 
ignorance of correct practice or willful 
disregard of such practice to save time, 
money, or both.3  A variation on these 
failure modes can be seen in the attempt to 
extend technology, correct at a conventional 
scale of operation, beyond the point at 
which it remains viable—for example, 
through an inappropriate increase in size 

without a corresponding increase in strength 
or stiffness.4 

 

 

Figure 1.  Construction of brick walls from Alberti's 
Ten Books on Architecture (1485) 
 
Almost all guidance for avoiding building 
failure in traditional construction involves the 
proper selection, preparation, and 
arrangement of materials of construction; 
the proper spacing and thickness of walls, 
columns, arches, and beams; the proper 
orientation and siting of buildings; and 
proper maintenance.  In general, this advice 
is based on accumulated experience, 
combined with a primitive building science 
which at times seems remarkably "modern" 
in its sensitivity to issues of climate, 
orientation, and so on, but at other times 
seems riddled with superstition.  Yet if good 
practice is followed, even when its 
underlying rationale is mystified and 
misunderstood, buildings may survive for 
hundreds of years.  Roofs are sloped 
adequately; walls are thick enough to 
absorb and then release any accumulated 
water; foundations are set on firm strata; 
ventilation is provided to prevent the 
accumulation of excess humidity.  The lack 
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of a consistent and rigorous building 
science is counterbalanced by an empirical 
base of successes and failures from which 
standards of building practice are derived.   
 
Problems can still certainly develop—the 
detailed instructions for the preparation and 
use of building materials from Vitruvius 
onward indicate the extent to which reliable 
building required then, as it does now, 
serious attention to technical matters—but 
such problems are caused, in general, by 
the same types of errors described by 
modern critics of building failure: ignorance, 
carelessness, negligence and greed.5 
 
It should also be emphasized that traditional 
buildings, even when well-constructed, still 
rely on periodic maintenance, repair, and 
replacement.  At the extreme, whitewashing 
of mud-brick walls needs to be renewed 
annually.  Yet even durable materials 
require periodic attention.  Stonemasons not 
only build new structures but also work to 
repair the existing infrastructure of masonry 
buildings.  Carpenters replace wooden 
rafters and beams that no longer function 
adequately.6 
 
The nineteenth century was a transitional 
era during which the science of structures 
and materials advanced considerably, while 
the construction of buildings remained 
caught between traditional modes of 
building described by Vitruvius and Alberti, 
and the potentials opened up by new 
discoveries in material science and the 
emerging requirements of industrial 
capitalism.  Joseph Gwilt, the English author 
of one of last great encyclopedic works on 
architecture published in the nineteenth 
century, still refers to both Vitruvius and 
Alberti as sources of certain construction 
practices, but on the other hand he makes 
clear the qualitative difference in the 
scientific knowledge available to the 
nineteenth-century architect.  He notes, for 
example, that Vitruvius "does not allude to 
the assistance which may be afforded in the 
construction of edifices by a knowledge of 
the resolution of forces."7 Viollet-le-Duc, 

writing in 1872, points out the increasing 
complexity of modern construction: "While 
the Egyptians, in erecting a temple with 
blocks of limestone, placed in juxtaposition, 
had but few observations to make on the 
effects displayed in their structure, the 
architect who builds a house in Paris, in 
which stone, brick, mortar, wood, wrought 
and cast iron, lead, zinc, slate, and plaster 
are simultaneously employed, must 
necessarily accumulate a considerable 
number of practical observations."  He then 
adds, with more than a slight hint of 
sarcasm: "It is singular that there should be 
a desire to imitate with this considerable 
variety of materials edifices that were built 
with only one."8 
 
The point here is not to dwell on instances 
of traditional building failure, but rather to 
draw the following conclusion from such 
failures and their causes: whether due to 
ignorance, carelessness, negligence or  
greed, they were not directly influenced by 
concerns of an aesthetic nature; that is, the 
architectural content of the building, 
however that may be conceptualized, was 
not complicit in the mode of failure.  In fact, 
what is striking about traditional texts 
including those of Vitruvius, Alberti, and 
even Rondelet and Gwilt, is the extent to 
which the art and science of architecture are 
reconciled within them.  Even in the 
Lectures of Viollet-de-Duc, the alleged 
"failure" of nineteenth-century architectural 
practice refers not so much to a literal 
failure of construction systems, but to a 
moral failure to properly reconcile the 
technological potential of the modern age 
with its appearance.9  This is in stark 
contrast with texts from the twentieth 
century, in which the art and science of 
architecture seem to finally and irrevocably 
diverge. 
 
Modern construction 
 
The causes of building failure characteristic 
of traditional construction continue into the 
twentieth century, but new attitudes also 
surface.  In particular, early modernism 
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brings a qualitatively more radical attitude 
towards formal abstraction into building 
design which, in the absence of a 
correspondingly rigorous building science, 
leads to a new category of building failure.  
It is not so much that architectural 
abstraction per se is new or intrinsically 
antithetical to proper construction practices; 
rather it is the extent to which formal design 
becomes abstracted from its technological 
basis that creates a crisis in modern 
building technology.    
 
This separation of design ideas from 
building science in the twentieth century 
manifests itself both in a lack of technical 
theory within design manifestos, and in a 
lack of design theory within construction 
handbooks; but the roots of this division 
between "art" and "science" are ancient.  
While traditional architectural texts 
represent architectural aesthetic and 
technological concerns in a relatively unified 
manner, there is nevertheless an emerging 
tendency in which abstract design and 
material reality are seen as increasingly  
independent.  For Vitruvius, beauty 
("delight") is certainly considered a distinct 
aspect of architecture, but it comes about 
through proper ordering, arrangement, 
eurythmy, symmetry, and propriety of actual 
elements of construction, not as a result of 
abstract formal ideas imposed upon, and 
independent of, construction.  In fact, there 
are numerous passages where it is 
impossible to disentangle "aesthetic" from 
"practical" advice.10 
 
With Alberti, the distinction between 
aesthetics and practical matters becomes 
more pronounced, though they are still often 
conflated.  Convenience, beauty, and 
strength remain, as they are for Vitruvius, 
the necessary conditions for architecture, 
but Vitruvian beauty, obtained through the 
proper arrangement and proportion of 
otherwise necessary elements of 
construction, is now explicitly defined as 
being independent of physical "matter."  In 
addition, Alberti defines ornament as 
something that can make the bad 

acceptable and the good even better; that 
can improve deficient works "by painting 
and concealing any thing that was 
deformed, and trimming and polishing what 
was handsome."  Unlike beauty, ornament 
is "somewhat added or fastened on, rather 
than proper and innate."11 
 

 

Figure 2.  Viollet-le-Duc's ornamental embellishment 
of cast iron struts and capitals (1872) 
 
Yet this liberal attitude towards ornament 
would not survive.  Nineteenth-century 
writers as different as Ruskin, Semper, and 
Viollet-le-Duc all tended to value "honesty" 
and "truth" in the deployment of ornament, 
albeit in their own ways; and by the 
twentieth-century, theorists generally 
rejected as unsustainable the entire premise 
of an honest ornament, and instead 
searched for honesty in unadorned structure 
and cladding.  What was not rejected was 
the Vitruvian idea of delight and the 
Albertian valuation of design as an abstract 
exercise independent from material 
construction. 
 
Abstraction, which for Ruskin is an 
operation specified for ornamental features, 
now has a wider field of application.  While 
there are numerous competing tendencies, 
each of which employs abstraction in 
different ways (e.g., Art Nouveau, or 
stripped-down classicism), it is early 
twentieth-century European modernism, 
drawing upon contemporary experiments in 
painting and sculpture, that most radically 
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threatens conventions of building 
construction.  For the first time, architectural 
forms not based on abstractions of, or 
ornamental elaborations over, conventional 
building elements (e.g., walls, columns, 
vaults, domes, windows, roofs) begin to be 
built.  Abstract compositions appear whose 
points of departure are visual experiments 
with line, surface, solid, and void analogous 
to those occurring in the fine arts.  The 
simultaneous appearance of new materials 
and systems of construction (steel and 
reinforced concrete in particular), rather 
than providing a countervailing model of 
construction based on pragmatic or  
objective factors, is instead integrated into 
the abstract system of mass-surface-void. 
 

 

Figure 3.  Nolli's map of Rome (1748) contrasted with 
Choisy's cut-away axonometric (1899)  
 
Signs of this tendency to view structure and 
other aspects of construction primarily as 
diagrams pointing to opportunities for formal 
development can be seen at the end of the 
nineteenth century in Choisy's influential 
Histoire de l'Architecture, whose 
characteristic cut-away axonometrics use 
the same precise, yet abstract, graphic 
techniques found 150 years earlier in 
Giambattista Nolli's map of Rome, except 
extended into the third dimension.12 While 
techniques and details of traditional 
structure and construction are abstracted 
from the diagrammatic drawings by Choisy, 
they are available elsewhere, and 
empirically validated.  Modern design, on 

the other hand, is inherently incompatible 
with such empirically-based rules of 
construction: new structural forms and 
materials, new methods of enclosure, and 
new environmental control systems that 
emerge alongside the development of 
industrial society provide a range of choice 
and a degree of complexity that can no 
longer be adequately captured by existing 
empirically-based rules.  Instead, what is 
required is the development of new 
techniques of design and analysis derived 
from the various branches of building 
science.  In the case of structure, advances 
in the theory of structural analysis and the 
development of an autonomous discipline of 
structural engineering compensate for the 
loss of an empirical basis.  Similarly, 
technological advances, and corresponding 
engineering disciplines, emerge in the area 
of environmental systems.   
 
In the case of enclosure, however, the 
obsolescence of traditional wall systems 
brought about by new structural frameworks 
and new technologies of environmental 
control leaves more of a void:  neither an 
adequate "science of construction" nor a 
class of "constructional engineers" emerges 
to design correspondingly rational enclosure 
systems.  Instead, what characterizes 
architecture in the twentieth century is an 
abstract conception of enclosure in which 
formal values overwhelm technical 
considerations.  "The expression of the wall 
as a thin sheathing, of no more structural 
importance than the window, is a 
manifestation of modern constructional 
methods.  The function of the wall has 
changed; it is a thin skin, hung on a 
framework instead of standing on a 
foundation... and we see that where the 
modern purpose of the wall is appreciated 
by the architect there is something of a 
revolution in the design of the façade.  The 
wall surface is regarded, aesthetically, as a 
continuous plane; as a skin enveloping and 
expressing the surface of a volume."13 
 
This type of abstraction, in and of itself, is 
not the cause of building failure; rather it is 
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the interaction of several factors relating to 
the use of abstraction in modern 
architecture—not all of which are 
necessarily present in any given instance—
that creates problems. 
 
Abstraction precedes function.  Abstract 
ideas tend to precede, rather than evolve 
from, considerations of a technical or 
functional nature.  This is partly a result of a 
misplaced confidence in the power of 
science to compensate for any a priori 
design decisions, and partly a result of an 
education in construction derived from 
empirically-based rules that provide neither 
the theory to grasp, nor even the vocabulary 
to define, the issues that were to become 
relevant in the design of enclosure systems.  
As a result, abstract "volumes brought 
together in light" often experience problems 
when they are also, invariably, brought 
together in rain, wind, and snow; and 
subject to unanticipated environmental 
pressures.  
  
Enclosure is architecture.  Whereas a steel 
or concrete structural framework (or an 
environmental control system) can be 
conceptually and physically separated from 
the rest of the building, permitting a 
specialized process of engineering design 
that supports the architectural concept, it is 
difficult to see how the enclosure of a 
building can be dealt with in an analogous 
manner without reducing the architect's role 
to a purely schematic one: from the 
standpoint of both traditional and modern 
architecture, the enclosure, to a great 
extent, is the architecture.  Delegating the 
detailed design of enclosure to others (aside 
from loss of prestige and remuneration) 
opens up the risk of compromising the 
abstract basis of the design.  Vertical 
surfaces may terminate in unwanted 
copings; what was conceived as abstract 
void may appear as conventional window; 
and the precise articulation of formal 
elements, based on subtleties of alignment 
and proportion, may suffer.14  
 

Technology as threat to freedom.  The 
architect, while maintaining control over the 
building's external surfaces, tends to resist 
serious application of "engineering" criteria 
to the design of building envelopes.  Within 
the design studio as well as in practice, 
such criteria are perceived as threats to the 
freedom of formal invention characteristic of 
modernist abstraction.  In the words of Piet 
Mondrian: "If one takes technique, utilitarian 
requirements, etc., as the point of 
departure, there is a risk of losing every 
chance of success, for intuition is then 
troubled by intelligence."15 
 
Risk of failure not appreciated.  The risk of 
enclosure failure is neither as obvious, 
immediate, nor usually as catastrophic, as is 
the case with structural failure, so there is 
less pressure to develop the necessary 
theoretical or empirical basis.  Details often 
seem reasonable when initially conceived 
and executed, as their intrinsic defects may 
be far from obvious.  In fact, "obvious" or 
"common-sense" solutions are sometimes 
problematic: for example, the popularity of 
non-redundant barrier walls "may result 
from a common-sense approach to the 
problem of rain exclusion—when it is 
raining, we wear a mackintosh, so why not 
treat our buildings likewise?"16 Additionally, 
many non-structural failures take years to 
manifest themselves.  Even "short-term or 
accelerated tests may give misleading 
indications.  A tentative judgment only may 
be possible, based on technical knowledge 
and subject to confirmation in due course by 
observation."17  Cracking and bowing of 
marble cladding panels on the Standard Oil 
Company Headquarters in Chicago were 
first noticed almost seven years after initial 
construction, became increasingly prevalent 
only within thirteen years of construction, 
and finally led to complete replacement after 
nineteen years.18   Such non-structural 
failures are often costly, inconvenient, and 
dangerous, but they are rarely catastrophic.  
 
We don't know what we don't know.  
Because the traditional means of dealing 
with enclosure is primarily based on 
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empirical rather than on scientific 
knowledge, modern architects do not 
necessarily know what they don't know 
about the subject, and are thus more 
inclined to either extrapolate inappropriately 
from prior experience, or simply invent 
constructional details based on a superficial 
understanding (i.e., a misunderstanding) of 
the complex forces at work.  In other words,  
the empirical basis for much prior 
construction success, having little basis in a 
theory of building science, is discarded 
without the modern architect knowing 
exactly (or even approximately) what is 
being lost.  If a 24"-thick load-bearing 
masonry wall seems to work well at keeping 
water out, it may not be clear why 8"-thick 
cladding supported on a structural frame 
wouldn't keep water out just as well.  The 
process of abstraction, unmediated by any 
serious building science, reduces the 
complex behavior of specific wall-types to 
formal ideas:  the "wall" becomes a "plane," 
a "surface," or a constituent part of a 
"volume" or "mass."  Even the origin and 
purpose of the pitched roof, understood 
traditionally as a culturally-specific response 
to environmental conditions, is dismissed by 
R.S. Yorke, architect and author of The 
Modern House, as a structural anachronism 
made obsolete by the employment of "frame 
construction and concrete slabs."19 
 
Heroic status of structure and cladding.  In 
the modern conception of construction, 
visible and "heroic" elements of building are 
seen either as purely formal elements 
(enclosure) or as abstract manifestations of 
"structure,"  while the subtle realities of 
material behavior and their relationship to 
the construction of buildings are often 
ignored.  As a more rigorous building 
science develops, these attitudes become 
increasingly untenable.20 
 
Inventions based on wishful thinking.  With 
neither a working knowledge of building 
science, nor empirically-based standards for 
reliable detailing,  it is not surprising that the 
modern architect may be incapable of 
inventing reliable strategies for enclosing 

buildings.  Yet it is still common for 
architects to creatively "invent" construction 
details.  Some of the reasons for this have 
already been given: the risk of failure is not 
fully appreciated; the lack of theory 
associated with an empirically-based 
construction practice makes it difficult to 
know what one doesn't know; and the state 
of building science itself may be relatively 
undeveloped.  Additionally, an attitude of 
heroic contempt for the conventional may 
be present: The Architects' Journal wonders 
in 1975 whether the cause of misguided 
architectural invention lies "in a disdain for 
the 'standard solution' or the principle, 
perhaps, that any designer worth his salt 
should be able to work everything out from 
first principles?"21      
 

 

Figure 4.  Causes of failure shown in Principles of 
Modern Building, 1959 (top) are recommended in 
Architectural Graphic Standards, 1956 (bottom). 
 
Durability, maintenance, and greed.  There 
is also a tendency to overestimate the 
durability of many modern systems and 
materials; as "modern" becomes identified 
in popular culture with overcoming 
traditional labor-intensive practices, habits 
of maintenance characteristic of traditional 
building practice (continual repair, 
replacement, pointing, painting, etc.) are 
loosened from their bearings.  While 
expectations of permanence, toughness, 
and resiliency become part of the culture, if 
not the reality, of modern materials, two 
other factors make decisions regarding 
durability more difficult for the architect.  



 Designing Building Failures 319 

 

First, it is not easy to obtain definitive 
information on the performance 
characteristics of complex components, 
equipment, and systems.22  Knowledge is 
limited because those who have it tend to 
view it in a proprietary manner, and are 
reluctant to share it.  Competing 
manufacturers vying for market share may 
not always be inclined to objectively 
compare their products with others.  
Second, the desire to extract the maximum 
profit from investments in commercial 
building tends to encourage both marginal 
construction practices and deferred 
maintenance.23 
 
Graphic standards.  Many twentieth-century 
texts on construction practice lack both a 
coherent theory of building science as well 
as a base of empirical knowledge 
corresponding to the new architectural 
forms, materials, and systems that are 
emerging.24  Charles Ramsey and Harold 
Sleeper describe a situation in which "facts 
are so deeply buried in the body of technical 
literature that they only come to light in the 
course of research..." Their Architectural 
Graphic Standards, first published in 1932, 
is intended to overcome the "pressure of 
time [that] often forces the making of 
assumptions and trusting to luck."25  But 
there are at least two problems with these 
assertions.  First, it is not clear that the 
"research" referred to is yet capable of 
dealing with the complexity of modern 
materials and systems.  For example, 
effective utilization of insulating material, 
vapor retarders, and air barriers is still, after 
more than 80 years of discussion and 
research, subject to uncertainty and 
inconsistent practice.26  Second, it is not 
clear that available "state-of-the-art" 
research is being incorporated consistently 
into the graphic details.  Research into the 
relationships among insulation, vapor 
migration, and condensation, already 
available in 1923, does not begin to appear 
in Architectural Graphic Standards until 
1951.27  Even when such research 
conclusions finally appear, they are not 
consistently applied to the details; for 

example, generic advice on condensation 
doesn't prevent the continued reprinting of 
numerous details that contradict the theory.   
 

 

Figure 5.  Detail from 2000 Architectural Graphic 
Standards (student edition) omits vapor barrier and air 
barrier. 
 
Publishing graphically-oriented material with 
little explicit theoretical grounding also 
makes the underlying premise—that of 
providing a "core of skeleton data useful for 
further development, design, or 
improvement"—a dangerous proposition.  
For how can one modify or extrapolate from 
a detailed drawing if the underlying logic is 
not known?28  Details supplied by 
manufacturers of specific systems are also 
often difficult to incorporate properly into an 
overall building design, but for a different 
reason.  Perhaps to avoid liability for 
providing information about elements over 
which they have no control, many 
manufacturers avoid showing precisely how 
their systems connect to adjacent 
construction.29  
 
Untested combinations.  Even where 
familiar materials are used, many problems 
in modern construction arise from the 
untested interactions among those 
materials.  Viollet-le-Duc refers to this 
potential, already manifested in nineteenth-
century construction, as being proportional 
to the variation in component materials.30  
Twentieth-century practice, with its 
proliferation of new materials, makes the 
problem worse.  Even familiar materials 
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may cause problems when used in new 
contexts.31  Not only individual materials 
may interact to cause failure, but individual 
factors, each by itself perhaps acting below 
the threshold of damage, can combine to 
trigger failure.32 
 
Postmodern construction 
 
Postmodern building—used here as a 
catch-all for numerous stylistic tendencies 
that critique "classical" modernism—has its 
own characteristic modes of building failure, 
in some cases resulting from a prioritizing of 
abstract and formal considerations that are 
evocative precisely because, and to the 
extent that, they specifically eschew 
rationality and common sense.  Looked at 
from the point of view of design attitudes, 
certain postmodern building failures seem to 
arise from a "perfect storm" of conditions 
characteristic of our epoch. 
 
Rejection of conventional technology.  A 
disdain for conventional applications of 
technology may seem somewhat 
paradoxical, in light of modernism's 
invocation of precisely this technology in its 
manifestos opposing traditional modes of 
building.  But several factors are at play.  
There is, first, a growing distrust of, and 
backlash against, technical solutions within 
postmodern culture, and this general 
phenomenon lends support to architectural 
forms that express these feelings by literally 
distorting that  which appears as logical 
within modernist practice.33  Second, with 
the victory of modernism over traditional 
construction practices, what was "heroic" 
and "radical" in the deployment of steel and 
reinforced concrete frames becomes 
conventional.  Given the cyclic movement of 
fashion, it is inevitable that an avant-garde 
style, once integrated and accepted within 
popular culture, must give way to something 
new—the negation of the logic embedded 
within modernist conventions becomes the 
stylistic path of least resistance.34  Third, 
technology is still expressed, even 
fetishized, in its irrational manifestations.  
Glass is re-imagined, no longer merely as 

the "void" in modernist abstraction, but as 
the visible and universal boundary between 
inside and outside; cladding is similarly 
abstracted as universal surface; structure is 
bent, angled, cantilevered, hyper-
articulated, and so on, using techniques 
based on distortion or other forms of 
defamiliarization. 
 

 

Figure 6.  Frank O. Gehry's angled columns at 340 
Main St., Venice, California (1991).  Photo by author. 
 
Still heroic.  Modern attitudes to 
construction tend to focus on structure and 
cladding as "heroic" materials through which 
the ideas of the designer are made visible.  
In the postmodern reaction to modernism, 
such attitudes survive largely intact:  
critiques of modernist idealism still rely on 
structure and cladding as expressive formal 
elements.  Yet as building science evolves, 
the failure to acknowledge an emerging 
paradigm shift in the actual requirements of 
building—from the use of relatively 
unsophisticated enclosure strategies 
characteristic of modernism to the more 
subtle application of non-heroic systems 
based on air-vapor barriers and insulation, 
and incorporating issues of sustainability—
is increasingly problematic.35 
 
Magic pill.  At the same time, even as the 
expression of technology as a manifestation 
of rationality is subjected to formal critique, 
technology itself is not actually rejected, but 
in fact assumes an almost mystical aura.  If 
the engineer of modernism, "inspired by the 
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law of Economy and governed by 
mathematical calculation, puts us in accord 
with universal law [and] achieves harmony," 
the postmodern engineer rejects the 
constraints of economy, values ambiguity 
over harmony, and relies on complex 
numerical methods programmed within the 
"black box" of sophisticated analytical 
software to transcend the limitations of 
traditional mathematical calculation.  
"Structure need not be comprehensible and 
explicit.  There is no creed or absolute...It 
can be subtle and more revealing.  It is a 
richer experience...if a puzzle is set or a 
layer of ambiguity lies over the reading of 
'structure.'"36 
 
Technology in this context is thought to 
possess almost limitless power to overcome 
problems originating in any predetermined 
form, no matter how arbitrary and illogical.  
Form, in other words, can be abstracted 
from virtually all considerations of a 
technical nature; and technology, much like 
the digital "improvements" common in 
photography, music, and film, can 
compensate for what might have been a 
hopelessly misconceived or inadequate 
"performance."37  The problem with this 
attitude is twofold.  First, such technical 
"solutions," focusing only on internal criteria 
of success,  may lose sight of other criteria 
external to the immediate problem.  For 
example, a "solution" to a problem of 
environmental control may require 
excessive energy use.  Second, such an 
attitude is unrealistic.  Unlike structural 
frameworks or other relatively straight-
forward technical systems within buildings, 
the reliability of the building envelope is 
threatened by thousands of highly complex, 
and often unpredictable, interactions among 
building materials and systems subjected to 
differential movement, chemical reactions, 
environmental agents, construction and 
maintenance operations, and so on.  
Architectural form based upon empirically-
validated principles of building science—
form that minimizes the collisions among 
these countless variables—has a greater 
probability of success than does 

architectural form that either willfully distorts 
these principles or operates as if such 
principles can be applied after the fact.      
 
Conclusion: Pedagogy and practice 
 
Practice.  Building envelopes consist of 
numerous sub-systems, each of which is 
put together using hundreds, or even 
thousands, of separate pieces.  Failure 
within these systems may occur in literally 
hundreds of modes, yet typical design 
practice does not make use of an explicitly 
probabilistic design strategy to realistically 
assess the reliability of the building 
envelope.38 
 

 

Figure 7.  Failure of stone veneer, James Stirling's 
Schwartz Center for the Performing Arts at Cornell 
University (1989).  Photo by author. 
 
Reliability theory, developed during and 
after Word War II in response to concerns 
about the reliability of weapon systems, 
provides a probabilistic framework for the 
design of products and systems.  It offers 
insight into the types of questions architects 
should be asking, and strategies for 
reducing the risk of failure.  For example, 
the multiplicity of elements within buildings 
might be usefully organized within three 
categories:  components (which are not 
repairable); equipment (often an 
assemblage of components); and systems 
(combinations of components and 
equipment).39  Within that framework, the 
idea that certain elements require periodic 
maintenance (repair or replacement), while 
others are expected to last for the life of the 
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building, can be made more explicit.40 
 

 

Figure 8.  Detail (top) from 1981 Architectural Graphic 
Standards invites water penetration into wall cavity; 
photo (bottom) by author shows drip edge flashing 
detailed correctly but improperly installed, similarly 
providing a path for water into the wall cavity  
 
Another important insight from reliability 
theory is that failure must be understood 
probabilistically.  Current practice, based on 
building codes and referenced standards, 
requires a "weather resistant exterior wall 
envelope," but does not provide a 
methodology for assessing the probability 
that such a condition will actually be met.41  
Even tests for water penetration (ASTM E-
331) or structural performance (ASTM E-
330) may not provide adequate guidance, 
since the actual exterior wall has a much 
higher probability of failure than does a 
small, carefully built, sample. 
 
In general, it is the connections between or 
within those building elements that are 
intended to behave as continuous systems, 
rather than the elements themselves, that 
are most likely to fail.  Metal flashing and 
coping details are notorious in this regard, 
often behaving more like horizontal gutters 
directing water into the building.  The 
practice of cutting two-dimensional sectional 
views through such continuous systems at 
locations between joints and connections 

tends to obscure, rather than illuminate, this 
problem.42 
 
To control the incidence of non-structural 
failure, three general principles could be 
more systematically applied to the building 
envelope.  First, develop performance 
criteria, design methodologies, and 
prescriptive details based on a probabilistic 
assessment of reliability and maintainability.  
For building envelopes, manufacturers 
should be encouraged to provide specific 
guidelines indicating how their products can 
reliably connect to other materials, including 
information on maintenance and 
replacement schedules.  In other words, 
what is needed is a matrix of connection 
standards, in addition to detailed 
specifications for isolated products.  
Second, develop reliable means for 
implementing what is designed.  This has 
two parts: creating "constructible" and 
"maintainable" details corresponding to 
actual conditions in the field; and providing 
for testing or inspection in cases where 
conformance to specifications may be 
uncertain.43  Third, establish professional 
certification for expertise in envelope 
design. 
 
Pedagogy.  Reliability theory requires that 
an "intended function" be articulated, yet 
even this basic concept is subject to dispute 
within architectural pedagogy.  Is the 
"function" of architecture defined from the 
subjective standpoint of aesthetics; or by 
the multiplicity of objective "performance 
mandates" relating to spatial and 
environmental conditions?44  The apparent 
symmetry of this question encourages the 
notion that, within schools of architecture, 
integration of design and technology can 
proceed from either starting point.  That is, 
design ideas can evolve from (or be 
superimposed on) a technologically-rigorous 
base; or an abstract design process can be 
taken to "another level of development" 
through interactions with technical 
consultants and exposure to issues of 
building science.45 
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Traditional design (i.e., the subtle 
compositional arrangement of otherwise 
necessary elements to which "layers" of 
ornamental embellishment are added) 
consistently adopts the former strategy: that 
is, it takes the prevailing technology of 
construction as a fixed point of departure.  
Only with the onset of early twentieth-
century modernism, emboldened by the 
apparent obsolescence of traditional 
construction systems and the seemingly 
unlimited potential of new materials and 
systems, is the latter strategy—in which 
design is abstracted from issues of 
technology—commonly employed.  Yet from 
the standpoint of reliability theory, this latter 
strategy is more likely to result in failure 
precisely because it rejects a priori the 
formal consequences of technological 
principles.  Perhaps, then, adding 
"architecture" to "building" (as Ruskin 
suggested), rather than initiating design 
purely on the basis of formal expression, 
should be reexamined as a starting point for 
the teaching and practice of architecture.46 
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Abstract 

Given the increased complexity of seismic design, it is 
mostly the domain of structural engineers.  However, 
during schematic design architects often make design 
decisions that are very important for seismic safety.  
The seismic web site was developed to visualize and 
streamline seismic design for architects and 
architectural education. The site features Seismic 
Design and Seismic Failure.  Seismic Design is based 
on the International Building Code, IBC 03, adapted 
from LRFD to ASD design methods to be compatible 
with IBC table 2606.4.1 of ASD shear wall capacities.  
Seismic Failures are Northridge Earthquake failures.  
The web features PDF files of interactive Power Point 
lectures presented at two AIA National Conventions.  
Two file types include: color displays and printable 
handouts.  The web site also includes recent seismic 
papers and excerpts of Structures in Architecture by 
the author.  The following screen samples are color 
displays for Seismic Design and printable handouts 
for Seismic Failure.   

Introduction 

While seismic design in the past was based on 
seismic zones, IBC requires seismic design to be 
based on local site conditions.  The seismic web has 
a link to a USGS web site that provides Spectral 
Response Accelerations (SA) SS and S1 for low-rise 
and high-rise structures, respectively.  Seismic 
Design Graphs on the web provide numeric values 
and visualize the respective seismic design values 
CS, SDS, and SD1 based on the USGS parameters and 
local soil conditions. The seismic parameters SS and 
S1 are also available on a CD from USGS and IBC.  
The CD and USGS web site require site coordinates 
(global latitude and longitude).  The seismic web has 
a link to a web site for latitude and longitude based on 
street address or zip code. Seismic Design includes 
an overview of seismic events, critical design issues, 
and seismic base shear with Seismic Design Graphs.   

 

Base shear is computed as follows: 

V = CS W   

CS = seismic coefficient 
V = seismic base shear (lateral force at building base) 
W = building mass (dead load + 25% storage live load  
       + 20% flat roof snow load > 30 psf) 
Based on USGS Spectral Accelerations the author 
developed three graphs for seismic design: 

CS Graph  for low-rise light wood shear wall structures      

SDS Graph for other low-rise, T<TS, usually < 5 stories 

 CS = I SDS / R 

SD1 Graph for high-rise, T>TS, usually > 8 stories 

 CS = I SD1 / (TR)  

 I = Importance factor (IBC table 1604.5)  
 I = 1.5 for essential facilities 
       (Hospitals, police and fire stations) 
 I = 1.25 for large occupancy  
 I = 1 for other structures 
 R = Response factor (IBC table 1617.6.2) 
 T = Building period of vibration  
 T ~ 0.1 second per story height 

 TS = SDS / SD1  
 (See Design Response Spectrum below)  
 
 
 
 
 
 
 
 
 
 
 



328   Building Technology Educators’ Symposium August 2006 Proceedings  
 
 
References: 

ACSE:  ACSE 7,  
 American Cociety of Civil Engineers, 2002 
ICC:  International Building Code,  
 International Code Council, 2003 
Schierle, G G:  Structures in Architecture, USC, 2006 
       Posted at: https://www.usc.edu/structures  



 Seismic Web Site 329 
 

 
    Seismic Web Site https://www.usc.edu/seismic 

 
 

 
 

          
            Seismic Design - Display Samples 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



330   Building Technology Educators’ Symposium August 2006 Proceedings  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Seismic Web Site 331 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



332   Building Technology Educators’ Symposium August 2006 Proceedings  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Seismic Web Site 333 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



334   Building Technology Educators’ Symposium August 2006 Proceedings  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Seismic Web Site 335 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



336   Building Technology Educators’ Symposium August 2006 Proceedings  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Seismic Web Site 337 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



338   Building Technology Educators’ Symposium August 2006 Proceedings  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Seismic Web Site 339 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Seismic Failure - printable handout samples 
 
 
 
 



340   Building Technology Educators’ Symposium August 2006 Proceedings  
 
 
    Seismic Failure – Handout Samples 
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Abstract 

The paper will explore the connections be-
tween the practice of sculpture and architec-
ture through design and construction of 
lightweight structures. Students from the 
College of Architecture and Design and The 
School of Art1 at the University of Tennes-
see developed and build kinetic art2 pro-
jects by investigating and introduce to de-
sign determinants such as lightweight struc-
tures, deployable structures, kinetic struc-
tures, smart structures etc. with a focus on 
the primary categories of frame, skin, and 
kinetic systems.  

The projects were investigating the con-
struction of the sculpture, how to monitor 
stimuli, development of algorithms, and how 
to have the sculpture respond; dealing with 
both the design and technical issues. Thy 
incorporate the viewers and alter the sculp-
tural according to those viewers. 

 

                                                 
1 Responsible faculty member was Assistant 
Professor Jason Brown 
2 Kinetic art, term referring to sculptured works 
that include motion as a significant dimension. 
The form was pioneered by Marcel Duchamp, 
Naum Gabo, and Alexander Calder. Kinetic art 
is either nonmechanical, e.g., Calder's mobiles, 
or mechanical, e.g., works by Gabo, László 
Moholy-Nagy, and Jean Tinguely. The latter sort 
of kineticism developed in response to an in-
creasingly technological culture. The Columbia 
Electronic Encyclopedia, 6th ed. 

 

 

 

 

 

 

 

Figure 1. Buck Fuller: 
Geodesic Domes 
 
 
 
 
 
 
Figure 2. Buck Fuller 
 

The creation of a well defined and innova-
tive structure or sculpture was the goal.  
Use of computerization in the kinetics is 
needed to create movement that is not ran-
dom but many appear that way. Thoughts in 
actuality the movements are based off of 
preset stimuli and the reactions to those 
stimuli. The course was organized to design 
and fabricate structures that demonstrate 
these principles of the overall kinetic struc-
ture.  

1. Introduction 

The turn of the 20th century brought an in-
creased scientific interest in components 
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and structure, which combine to form a 
whole. An understanding of a form requires 
an understanding of its structure; of the 
separate parts joining to be comprehended 
as something entirely different; a whole. 
That search for knowledge greatly influ-
enced not only the world of science, but that 
of art, as well. Artists began to approach 
artwork differently than the previous Im-
pressionists. Art was an innovative explora-
tion, a scientific study into how a viewer 
perceived a piece of work.3‘  

The word kinetic means relating to motion. 
Kinetic art is art that depends on motion for 
its effects. Since the early twentieth century 
artists have been incorporating movement 
into art. This has been partly to explore the 
possibilities of movement, partly to intro-
duce the element of time, partly to reflect 
the importance of the machine and technol-
ogy in the modern world, partly to explore 
the nature of vision. Movement has either 
been produced mechanically by motors or 
by exploiting the natural movement of air in 
a space. 

2. Frame, Skin, and Kinetic Systems 

2.1. Deployable Structures 

The limits and potentials of deployable 
structures demand that they be lightweight, 
kinetic, and idealized for environment and 
use. As there are many options available to 
the designer, distinction between particular 
strategies or systems is beneficial and fre-
quently required. The initial investigation 
explored the potentials of integrated sur-
faces, framing systems, and structural prin-
ciples.  

In general the research centered on:             
1. Analysis of lightweight structure              
2. Relationship between structure and con-
struction                                                   3. 
Understanding the kinetics / mechanics          
Representation of such analysis through 
three dimensional diagrams 
                                                 
3 By Emily Atwood, Princeton 

 

Figure 3. Kinetic systems: 
http://kdg.mit.edu/Matrix/matrix 
 

2.2 In general kinetic systems can be 
categorized into: 

- Tensegrity                                     
- Telescope systems              
- Tensile, Membranes and Pneumatics 
  Structures                                                      
- Umbrella Principles                                     
- Scissors principles                                       
- Coilable Structures                                     
- Foldable systems, Origami, miura-ori 
  shape and others 

 

Tensegrity 

Tensegrity is a balanced system composed 
of two main forces, a constant pull balanced 
by a discontinuous push.  When the two 
forces are at equilibrium with each other, 
the system reaches its maximum strength.  
The structure is made of struts, cables, and 
pins. The cables provide the constant pull; 
the struts give a discontinuous push and the 
pins allow these two forces to become one. 
A poetic way of explaining tensegrity is “is-
lands of compression floating in a sea of 
tension.” This metaphor proved to be the 
metaphor from which Buckminister Fuller 
began his brainstorming on geodesic 
domes. 

 

   Hoberman Sphere MIT  Kinetic Wall 

Cantilever Hinge 

MIT  Expandable Cover 

Retracting Tent Cover 

Expanding Hydraulic Scissors 

Ball Joint Moving 
Tower 
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Figure 4. Snelson: Needle Tower, 
Figure 5. Buck Fuller: Geodesic Domes 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. T3, 3 struts, 6 nodes, 9 tensioning cables 

Tensile, Membranes and Pneumatics 
Structures 

Smart Pneumatic Structures in Architecture 
An example for a smart pneumatic structure 
in architecture is the pneumatic exhibition 
building that was developed by Festo (Fig. 
7/8) reacts to environmental influences like 
a living organism. 330 single air-inflated 
chambers and a computer create a self-
controlled system which checks the pres-
sure of each chamber at regular intervals 
and controls it in accordance with a weather 
station. Pneumatic muscles (elastic tension 
elements) are contractile hoses which - with 
the help of air pressure - are able to gener-
ate tension forces that can be controlled 
exactly. 

 
Figure 7. The pneumatic exhibition building ©  Festo 
AG Esslingen, Germany  

 
                     

 

 

 

 

Figure 8. Y-shaped column 
connected to a wall com-
ponent and the pneumatic 
muscles (elastic tension 
elements).  

Umbrella Principles 

The umbrella principle can be found in sim-
ple system or application but also ranges 
into highly complex applications such as 
surgical implements or large scale space 
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structures. The integrated surface system is 
the source for these design solutions. 

 
 
 
 
 
 
 

Figure 9. Collapsible Umbrella 

The Umbrella principle is defined as a light-
weight system which is both enclosure and 
structure.  The frame is integral to surface, 
just as the surface is integral to frame. Both 
frame and surface are need for the statics 
and kinetics of the piece to work. This dy-
namic homeostasis is achieved between the 
interplay of tension and compression. 
 

 

Figure 10. Deployable space structures 

Scissor Principles 

 
                                                                                    
Figure 11. Hoberman Sphere: Japan  

 
 
Figure 12. Deployable space Truss 12. MIT Deploya-
ble Space Masts 

Deployable space structures based on 
the scissors principle 

When one applies these structural units ver-
tically they become a foldable tower.These 
triangles create great structural ability. 
While the scissors allow for the structure to 
be easily deployed and retracted. The um-
brella principle allows these frames to con-
tain or incorporate skins. 
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Figure 13/14. A triangular mast consists of six rods 
that form three pairs which are connected by means 
of tension cables. The cables then act in pure tension 
and cause the structure to have great structural capa-
bilities. 

Coilable boom antenna4 

Coilable Masts still utilize the cable for de-
ployment and retraction but they work dif-
ferently than the triangular mast. They are 
lattice structures with a triangle cross sec-
tion and are designed specifically for elastic 
folding.  
 

 
 
 

 

 

 

 

 

Figure 15. Able Deploy-
able Articulated Mast 

                                                 
4 ATK-Able Engineering Company, Inc. 
www.aec-able.com see also 
www.atake-sdl.com, www.ilcdover.com 
 
 

The diagonal members priestess the bay by 
being made shorter than their nominal 
length. By doing this the structure becomes 
in a permanent state of compression.  
ADAM- Able Deployable Articulated Mast 
was developed by AEC. It was designed to 
support a 792 pound antenna structure and 
carry 400 pounds of stranded copper, coax-
ial fiber optic cable, and thruster gas lines 
along it’s length. When retracted, it can fit 
into a space that is 56 inches wide. It takes 
the structure only 20 minutes to become 
fully deployed at the length of 200 feet. The 
horizontal batten and the vertical members 
are made of carbon fiber that is reinforced in 
plastic and ball joints and tension cross 
members are made of stainless steel and 
titanium. 
 
Foldable systems, origami, miura-ori 
shape and others collapsing mem-
branes 

 

 
 
Figure 15. Leaf, Figure 16/17. Miura-ori module. 
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Tree leaves are a good example of skins 
that contract. The pattern which allows the 
young leaves to fit inside the small buds al-
lows for this compaction. Hornbeam and 
beech leaves have a particularly simple and 
regular corrugation pattern. Maple leaves 
have a more complex pattern, involving 
seven elements of corrugation, each con-
nected to its neighbor. The fold lines in a 
corrugated leaf model. Solid lines indicate 
crest folds and dashed lines indicate valley 
folds. The angle between the midrib and the 
side veins, is the vein angle. There are nine 
stages in the deployment of the leaf-folding 
pattern as the surface extends simultane-
ously in two directions. 

 
 

18. Origami Folding Studies. Biaxial shortening of a 
plane into a developable double-corrugation surface 
(unfolding of sheet folded according to Miura-ori). 

4. Kinetic and Computational Systems 

For condoling the kinetic aspects of the 
structure microcontroller (Basic Stamp) and 
a wide range of sensors were used. 
 
The project had to address the following 
questions:  
- types of devices that generate 
  environmental readings. 
- how these devices are connected to a 
  computer. 
- the material aspects of the sculpture;  
  membrane design. 
- how to write computer programs which  
  activate other devices to move the 
  sculpture.  
- how to get input from the Internet. 
- how to display the sculpture in real time on 
  theInternet. 
- the mechanical and electrical components 
  required to make a sculpture move. 
- development of the algorithms that will 
  take the environmental readings and 
  convert them to interesting responses; 
  orderly or randomly generated. 
- In addition to movement in the sculpture,  
  can it make sound, or control lighting. 
- the lighting of the sculpture, as prototyped,  
  are the shadows produced as interesting a 
  design as the moving parts. 
- review of the area of kinetic sculpture. 
- review of the current design of the 
  sculpture.  

 
Figure 19. Basic Stamp 



 The Art of Structure – The Structure of Art 349 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20. Sensors and Resistors  www.Parallax.com 

 

 
Figure 21. Motors and Output www.Parallax.com 

Questions regarding the Programming 
Movement: 
- Figure number of motors or actuators 
  needed for movement in structure. 
- Decide if other reactions or output are 
  needed: lights, sound, ect. 
- Decide on external stimuli for structures  
  movement and type of input devices. 
 
 

5. Design project  

This projects attempts to use a piece of ki-
netic sculpture as a response device to 
demonstrate smart building type systems. 
The design project is focusing on different 
kinetic systems that are available today, 
how they work, and how they can be used 
to make decisions and actually respond 
physically. For example, a project could be 
developed to analyze the data collected 
over time to look for patterns. Depending on 
the installation the project would encompass 
a single wall or a room. 
 
The focus of this project was to investigate 
the ability of architecture to respond to its 
environment. Goal was to develop a proto-
type /sculpture which can react to tempera-
ture, light, sound, occupant presence, im-
age recognition, movement, touch, Web re-
quests, or direct commands. These stimuli 
will generate a response based on interest-
ing mathematical relationships or functions.  
 
The projects investigated the construction of 
the sculpture, how to monitor stimuli, devel-
opment of algorithms, and how to have the 
sculpture respond; dealing with both the de-
sign and technical issues.  
 
The Emphasis was on:  
• analysis of lightweight structures  
• relationship between structure and con-

struction  
• understanding kinetics / mechanics  
• represent analysis through three dimen-

sional diagrams  
• investigate buildings ability to respond to 

their environment 
• demonstrate smart building systems 
• investigate construction techniques, sys-

tems 
• how to monitor stimuli 
• development of algorithms 
• production of computer programming to 

mechanize sculpture 
 
 
 

 

 
Photo resistor 
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Photodiode 
 
Infrared Transistor 
Infrared Receiver  
Infrared Transmitter 
Digital Thermometer 
 
 
Temperature Probe 
 
Ultrasonic Range Sensor 
 
Resistor Heater 
 
Resistor 
 

 
Miniservo Motor 
 
 
 
Standard Servo Motor 
 
 
 
Continuous Servo Motor 
 
 
 
LCD Data Screen 
 
 
 
LED - light emitting diode 
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5.1. Kinetic Light Tube 

The initial concept was to create a hanging 
kinetic sculpture in the atrium space of the 
Art and Architecture Building. The object will 
be activated by a motion sensor which con-
trols the up and down motion of the object. 
Throughout the day, the structure will de-
ploy and contract itself creating a continually 
changing spatial condition. The tube will be 
covered in materials stretched across struc-
ture. 
 

   
Figure 22. Rendering Figure 23. Kinetic Model 1:5m 
with basic stamp controller and sensor 

Transparent, translucent and opaque mate-
rials will be used to accentuate the light and 
reflective qualities of the form. The structure 
is based on the scissor principle. By con-
necting a series of scissored “V”s a triangu-
lar space is formed when expanded and a 
planer triangle when collapsed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 27. Full scale structure suspended in atrium 

 

 

 

 

 

 

 

 

Figure 24-26. Full scale structure suspended in atrium 
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5.2 Expanding Space Frame 

The Initial concept of the space frame was 
to create a modular folding structure to 
serve the purpose of designating spaces 
while providing physical interaction and ma-
nipulation of the object. The space frame 
can adapt to wide variety of uses and 
spaces.  The structure itself is made of alu-
minum rings. A semi-elastic skin serves to 
refract light and create a translucent mem-
brane above the observers. Motion is acti-
vated by infrared sensors and when one 
approaches the structure it begins to unfold.  
When the observer leaves the area, the 
structure retracts into its dormant state.  

 
 Figure 28. Diagram of one unit 

 
Figure 26. Top view canopy 4x6 cells  

 
Figure 29. Rendering 

 
Figure 30. Kinetic Model 1:5m with basic stamp con-
troller and sensor 

 

 
Figure 31-34. Kinetic Model 1:5m with basic stamp 
controller and sensor 
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5.3 Acoustic Articulation 

The project is a compilation between the 
two ideas of a bending, fluid form with visual 
transparency to show movement or flow of 
music and sound.  The form had be able to 
compliment the music in the surface of the 
wall while also adding a second attribute to 
further accentuate the tune of a digital out-
put. Preliminary studies of simple visualiza-
tion of sound were first used to decide on a 
starting point for the design. The concept 
allows both speed and form to express 
visually the music, and accentuating each 
other. 

 

The acoustic articulation project creates a 
canopy that is in a constant state of motion; 
collapsing and expanding, which defines the 
space it resides in by casting light and 
shadows. The Initial concept of the space 
frame was to create a modular folding struc-
ture to serve the purpose of designating 
spaces while providing physical interaction 
and manipulation of the object. To create a 
wall which is able to visualize the aspects of 
music into form; or create a form showing 
sound waves forms and allow digital sound 
outputs to be utilized, creating movement or 
reactions on the wall.  

 

Figure 35-39. Full scale structure suspended in atrium, Figure 40. Joint and PVC Pipes  
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Thought the design of the wall, the casual 
observer will be afforded the opportunity to 
experience the visualization of sound. Pan-
els in the wall fold and expand to creating 
visual difference due to music. Origami pat-
tern were utilized to allow for panel move-
ment and to create a pliable, structural form. 

 

Figure 41. Rendering Acoustic Articulation Object  

 

 
Figure 42. Kinetic Model 1:5m with basic stamp con-
troller and sensor 

 

 

 

 

 
Figure 43/44. Origami Folding Study 
Figure 45. Kinetic Plexiglas model 
Figure 46. Full scale structure suspended in atrium 
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47. Show at the Knoxville Museum of Art 
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Per Mollerup, Collapsible: The Genius of Space-Saving Design   
Inventions: The Patented Works of R. Buckminster Fuller  
Buckminster Fuller: Anthology for the New Millennium, First Edition 
Oliver Herwig, Featherweight: Light Mobile and Floating  
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Abstract 
 
Too often, as an educator in both the archi-
tectural design studio and the lecture hall, 
I’ve shared the common lament that “sup-
port” course content, technology in particu-
lar, is inconsistently synthesized into the 
architectural student’s design process. In 
the introductory structures course I teach for 
undergraduate architecture students, I have 
experimented with various methods of de-
veloping pedagogical links between the lec-
ture course and the design studio through-
out the past several years. This presenta-
tion and paper will elaborate on a series of 
four sequential “hands-on” exercises given 
this past year that were intended to address 
this issue of students seeing structure as a 
design opportunity. In doing so, these exer-
cises created links between technological 
knowledge and the architectural design 
process, ideally resulting in an appreciation 
of how architecture can be enhanced by 
structural issues during design. 
 
In order to initiate the bridging between 
these two knowledge bases (architectural 
structures and design) and corresponding 
two learning environments (lecture hall and 
studio), the initial exercises were designed 
to engage the students’ “design minds” in 
structures while the final exercise was de-
signed to engage the student’s awareness 
of forces and stability in studio. The as-
signments required hands-on consideration 
of fundamental structural issues being ad-
dressed abstractly in the numbers-based 
lecture environment. The first three assign-
ments were topic based: “column support,”  

 
 
“spanning the gap” and “system/stability.” 
Each of these explorations was initiated with 
a lecture on the general structural issues for 
consideration (for example, for “column,” 
this included the discussion of slenderness, 
end conditions, cross-sectional shape), fol-
lowed by a series of short student experi-
ments meant to manifest these issues, and 
finally with built designs made out of card-
stock that were tested in class. The final, 
more synthetic exercise was a structural 
model of their concurrent design studio pro-
ject, intended to extend the prior considera-
tions (column, beam and system) holistically 
into their design process. 
 
This theme of heuristic experimentation in 
combination with the more conventional lec-
ture delivery, gave students a greater ap-
preciation of opportunities for the qualitative 
consideration of structures in their design 
processes. This paper describes the four 
assignments, from introductory lectures to 
student results. Also, the pedagogical con-
text for this course (including brief descrip-
tions of our architecture department’s cur-
ricular organization as it pertains to technol-
ogy education) and the course’s primary 
pedagogical objectives and organization, 
will also be discussed. Methods, successes 
and failures will be shared as opportunities 
for improving the conventional technology 
lecture course, thereby facilitating students’ 
stronger embrace of technology in the ex-
ploration of architecture. 
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A Question of Relevance 
 
For the past twelve years I have taught in-
troductory structures as well as design stu-
dio. Educated as an architect, initial teach-
ing assignments included teaching the in-
troductory architectural structures classes; 
an assignment I’ve enjoyed. However, as a 
design studio instructor, I’ve often noted the 
students’ lack of technology synthesis with 
their design processes: average design so-
lutions do not pursue technological issues 
such as the identification of a structural sys-
tem, address of passive environmental 
strategies, consideration of material nu-
ances, and detailed connection explora-
tions.  
 
Given the amount of technology instruction 
in our school (seven required courses), it is 
a perplexing shortcoming. Somehow, this 
typical curriculum of lecture classes cover-
ing the three technology “streams” (building 
technology, structures and environmental 
systems) apparently does not facilitate inte-
gration. Specific to structures, there is little 
evidence that students see the connection 
between the “math” problems covered in the 
morning lectures and the making of archi-
tecture in the afternoon. Furthermore, from 
my own experiences as an architect, I’ve 
observed that practicing architects rarely 
engage in the types of number crunching 
exercises discussed in the lecture hall to 
figure out structural solutions. Rather, it is 
primarily a conceptual awareness of struc-
tural issues that informs architects’ design 
processes. 
 
In noting the seemingly minimal student 
conceptual awareness of structures as a 
design opportunity, and the actual use of 
structural knowledge by professional archi-
tects, I constantly wonder how architectural 
structures courses can be taught better. 
More specifically, how can instruction in ar-
chitectural structures more effectively facili-
tate architecture students developing a 
structural “intuition” and interest; a mind-set 
that is fostered by a qualitative understand-
ing of how building performance can be en-

hanced by issues of structural and material 
technologies? How can this instruction more 
effectively prepare them for how structures 
will be integrated into their professional 
practice of architecture? How can this struc-
tural education become more relevant?  

 
Pedagogic Context 

 
While pursuing answers to these questions, 
I also question how to balance their pursuit 
while fulfilling my role in the pedagogic con-
text of teaching structures in our current cur-
riculum: a program still in the process of 
transitioning from a five year Bachelors of 
Architecture program to a 4+2 masters pro-
gram (our last B.Arch. students graduated 
last spring and our first Masters of Architec-
ture class will receive their first professional 
degree in two years). The introductory struc-
tures course is taken by second year un-
dergraduate students and has the following 
catalogue description: 

 
Structural Systems 1: Basic intro-
duction to the mathematical founda-
tions of statics: equilibrium, balance, 
centroids, neutral axis - with primary 
focus on developing a basic under-
standing of concepts and conditions 
of equilibrium and force systems.  

 
This course description emphasizes a cal-
culation-based understanding of structural 
issues, while at the same time alluding to a 
conceptual understanding of the material. 
The first theme (mathematical calculation as 
the basis for learning) is picked up holisti-
cally in the subsequent structures courses 
in the sequence of three structures courses. 
 
There are merits in this approach of a nu-
merical, problem solving language to con-
vey issues: lecturing on analytical problem 
solving is a delivery method which is pack-
age-able in fifty minute sound bites; lectur-
ing is the most economic delivery method 
for the large number of students required to 
take the class (typically three to four sec-
tions of up to thirty-five students); teaching 
the numeric calculation of issues such as 
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maximum internal bending moment or shear 
provides an easy and objective way to 
evaluate student performance; and, the 
mathematical delivery of information (while 
abstract in its conceptual relevance to archi-
tecture) is ironically tangible to the more 
math inclined students. Having taught intro-
ductory structures, I am the first to admit to 
the seductive influence of numbers in my 
lectures.  
 
However, the problems with this delivery 
method are important to note as well. A lec-
ture delivery creates a fundamentally differ-
ent learning environment from the design 
studio. Ideas, generally discussed through 
numbers and calculations, lead to the pur-
suit of “right” answers. The conventional 
structures course, mathematically focused, 
delineates a precise methodology, which if 
replicated, will result in the correct answer. 
This pursuit is the antithesis of the design 
studio where “right” answers are initially 
shunned; it is only through the design proc-
ess of trial and error that correct solutions 
slowly emerge. Good design solutions are 
pursued through a spiraling, reiterative 
process of posed solutions, analysis of suc-
cesses/failures, and subsequently improved 
iterations. The linear pursuit of finite an-
swers in the technology classroom does not 
work in studio.  
 
These different methods of teaching and 
learning enhance the divide between studio 
and technology courses. As a result, while 
most students are generally successful in 
understanding the mathematical delivery of 
information and replicating calculation pro-
cedures to determine resulting values, they 
understandably struggle with the applicabil-
ity and integration of mathematically based 
knowledge into their creative design proc-
ess. For instance, knowing what the maxi-
mum internal shear or bending stress in the 
beam is and where it is located, rarely trans-
lates into a design exploration of beam 
shape in their studios.  
 
To address this schism, it seems realistic 
that if technology educators embrace (to 

some degree) the experiential, heuristic ap-
proach that is a fundamental part of the de-
sign studio, integration of the technological 
subject matter into their design process will 
be less alien to architecture students. If they 
are using the same methods in both classes 
to explore ideas, the boundaries between 
subject materials will diminish. It is also 
likely that learning through physical experi-
mentation will increase their interest and 
curiosity about the structural issues being 
discussed. Experiential learning is effective 
in this regard as it “can be not only motivat-
ing, but very effective in developing explora-
tion and experimentation,” an atmosphere 
consistent with the pulse of the design stu-
dio.1  
 
Acknowledging the potential of hands-on 
experimentation as a teaching tool, I’ve 
conducted an on-going series of trial-run 
assignments to bridge the gap between 
structures and studio. In previous years 
(under an earlier curriculum of four struc-
tures courses and consequently more time), 
fellow instructors and I used “lab” assign-
ments . These included case studies of 
noteworthy examples of architectural 
 

 
 
Figure 1: Case study models 
 
structures (research, analysis, presenta-
tions, write-ups, detail models, system 
models); the design, fabrication and testing 
of a small-scale truss to support a specific 
load (demonstrating truss behavior); and a 
design process structural model depicting 
the structural system of the student’s own, 
concurrent, design project. When I also 
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taught the second semester of structures 
(strength of materials) in the previous, four-
semester curricular sequence, the labs also 
included stretching hung wire in the school’s 
atrium (axial stress/strain); and assignments 
for the design and fabrication of a concrete 
tile and wooden stool (material qualities, 
axial stress). 
 

 
 
Figure 2: Truss testing and Stool fabrication labs  
 
These projects had various successes and 
failures. The material fabrications such as 
the stool reinforced the tenet of material 
craftsmanship in good design. The truss 
experiment was effective in generating stu-
dent excitement because of the competitive 
testing at the end of the project. The prece-
dent studies generated student interest in 
the architectural relevance of structures, 
however their analysis of what was happen-
ing structurally was minimal. The design 
process structural model has consistently 
been an effective example of showing the 
exciting opportunities for integrating struc-
tural concerns into studio at a conceptual 
level.  
 
Now teaching just the first, introductory se-
mester of structures, I revisit this ongoing 
pursuit for a relevant structural education. 
Coordinating lessons in the lecture hall and 
studio can enhance the communication of 
even the most fundamental aspects of ar-
chitectural structures. Topics of concurrent 
and non-concurrent force systems, equilib-
rium and centroids can be made physical, 
and thereby more meaningful. At the same 
time, balance must be achieved between 

the hands-on experimentation and the 
“mathematical foundations of statics” con-
veyed in the course description. The quanti-
tative delivery of structural issues must be 
covered (in our current curriculum) as the 
second and third semesters of structures 
build on this quantitative pedagogy.2  
 
 
Experiment objectives, definition 
and student results 
 
Pedagogically, the intentions of the experi-
ments described in this paper are a con-
tinuation of the efforts previously described. 
Experimental design and fabrication pro-
jects were used to enhance the learning of 
these basic structural ideas. At a fundamen-
tal level, the introductory structures content 
in the course can be reduced to two primary 
discussion areas: 
 
1. concurrent force system behavior with 

discussions of axial force (extended into 
truss analysis via method of joint) occur-
ring in force systems in equilibrium.  

2. non-concurrent force system behavior 
introducing the idea of moment (a 
force’s tendency to cause rotation). This 
most easily is demonstrated by discus-
sions of beam behavior: equilibrium as 
well as shear and moment diagrams to 
describe the internal force in beams. 

 
A third issue, not specifically identified in the 
course description, also was an important 
objective for these beginning architecture 
students: 
 
3. introducing different types of structural 

systems to promote their awareness of 
how their architectural ideas can be 
conceived of structurally. 

 
These three issues defined the scope of the 
three exercises, with the overall objective of 
these three and the final exercise specifi-
cally being the integration of structural think-
ing in the students’ design process. 
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The delivery of each exercise followed a 
consistent pattern: a slide presentation on 
the fundamental issues addressed by the 
assignment (immediately posted on Black-
board to facilitate subsequent review by the 
students); experimentation that made  

 
Figure 3. Wohlen High School, Calatrava 
 
the primary issues visible (done by students 
outside of class); design/fabrication; and 
final testing. Class time devoted to these 
four experiments was one class for the is-
sues and assignment presentation and 
questions; and one class for the discus-
sion/testing of the final product. The first two 
experiments each took about two weeks, 
while the latter two were each four weeks. 
These sequential experiments were de-
signed to reference back to ideas covered in 
each prior assignment (i.e., “spanning the 
gap” builds on ideas introduced in the col-
umn design, system stability builds on ideas 
introduced in the consideration of columns 
and spanning methods, the structural model 
builds on all). Reiteration was therefore built 
into the flow of these projects, allowing con-
tinued reconsideration of the ideas dis-
cussed. 
 
Experiment #1, “Column Support,” builds off 
of ideas of concurrent force systems and 
cross-sectional properties being discussed 
analytically in class. These ideas are ap-
plied to the description of column behavior 
which, when ideally loaded, exemplifies a 

concurrent (collinear) force system. It is also 
a component of architecture that students 
can readily identify in their consideration of 
architecture. The slide presentation dis-
cussed issues of column behavior through 
pictorial examples of built architecture (see 
Figure 3). Slenderness, end conditions and 
cross-sectional shape were talked about 
through reference to these architectural ex-
amples. 
 
The assignment then required teams of two 
students to conduct and record their obser-
vations of small experiments articulated to 
demonstrate the behavior of compressive 
structural members (issues of slenderness, 
end conditions, buckling, bracing, cross-
sectional shape) on their own. This led to 
the final requirement: an 
 

 
 
Figure 4: Buckling test / final column design 
 
18” tall card-stock support, responsible for 
supporting a minimum load of several books 
(see Figure 4). The design emphasis was 
for them to consider the issues discussed 
and explored through the experiments (end 
conditions, the cross-sectional shape, and 
the “elevational” shape), while applying 
them to their own column design. These 
were tested in class, after the team’s col-
umn design strategy was articulated. Note-
worthy was that only a few of the submitted 
designs failed under the required load 
(many were so over-designed they could 
even support a student). 
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The second experiment, “Spanning the 
Gap,” builds off of ideas of non-concurrent 
force systems as exemplified by beam be-
havior. Again, the slide presentation used 
architectural examples where spanning 
members were conceived as design oppor-
tunities. The pre-test assignments encour-
aged consideration of the spanning mem-
ber’s cross-sectional shape (testing the 
spanning capacity of accordion folded paper 
versus plain paper, wide flange shaped sec-
tions versus “box” beams) and funicular or 
“elevational” 
 

  
 
Figure 5: Span testing in studio 
 
shaping. The final requirement asked the 
teams of two to span 20” with a cardstock 
fabricated spanning member. To address 
the over-design in the column experiment 
and invite the potential of learning through 
failure, additional emphasis was placed on 
considering how the design would fail after 
supporting the required load (two books), 
but before the load was tripled (six books). 
During the in-class testing, the teams were 
asked to articulate their design objectives 
prior to testing their structure, and explain 
how the structure might fail. 
 
The third experiment tried to stitch together 
the two prior explorations, with an emphasis 
on “system.” The primary objective of the 
assignment was to provide an overview of 
different types of structural systems used in 
architecture. The “testing” aspect of the ex-
periments encouraged the consideration of 
lateral stability by requiring the students’  
 
 

Figure 6: Span testing in class  
 
models to resist a horizontal shearing force 
(applied by hand); this requirement provided  
 
a good way to focus the exploration of the 
different types of structural systems. The 
slide presentation identified structural 
strategies such as post and beam frame, 
bearing wall, slab, trusses, suspension, 
arch/vault/dome, responded to lateral loads. 
Materials for the models to be tested in 
class included cardstock, pins, wood, 
string/thread and cardboard. During the 
class review of these models, students 
needed to describe the structural system 
and discuss/demonstrate how lateral stabil-
ity was achieved. 
 
The final iterative evolution of these three 
analytical experiments was the final lab re-
quiring each student to holistically integrate 
the consideration of a building’s structural 
system in their own architectural design 
process. The emphasis was placed on con-
sideration of how identifying a structural 
system could impact the organization of the 
design, as well as exploring how the struc-
ture (and structural elements such as col-
umns and beams) could enhance the com-
munication of architectural ideas. Accurate 
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Figure 7: Stable System model 
 
sizing of the structural members was not as 
important (beyond the generalities extracted 
from experiments #1, #2 and #3 such as 
that horizontally spanning structural mem-
bers have a more difficult job, therefore 
should be dimensionally greater than the 
vertical support members). The PowerPoint 
for Experiment #3 on different types of sys-
tems as well as different reference sheets 
for structural system rules-of-thumb were 
referenced and available on Blackboard for 
student review. Textbooks, including Ed Al-
len’s The Architect’s Studio Companion, 
Understanding Structures by Fuller Moore 
and Structure and Architectural Design by 
Corkill, Puderbaugh and Sawyers were 
placed on reserve in the library for refer-
ence.  
 
The review process for this assignment was 
two-fold. Most importantly there was a pin-
up submission of each student’s in-process 
structural design ideas. These were handled 
as efficiently as possible with each student 
required to attend a twenty-minute pin-up 
session with two other students (requiring 
about six hours of time outside of class to 
look at the work of approximately sixty-four 
students). Students were asked to come 
prepared to quickly articulate their general 
design objectives and how these were fur-
thered by the structural system selection. 
These pin-ups demonstrated that structures 
can be talked about in a ‘design’ sense, that 
structural considerations can be used to 

 
Figure 8: Structural model examples 
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generate good design, and that structures is 
not purely an analytical pursuit. Final re-
views of the student’s structural solutions 
were addressed in the students’ final studio 
review. In the final discussion of these struc-
tural models in our class, a few were se-
lected for discussion with the whole class. 
These were projects that demonstrated an 
understandable, organizationally influential 
structural system, explored the schematic 
design of some of the structural members 
(trusses, columns, beams, connections, 
etc.), as well as designs where the struc-
tural model was truly influential in the pro-
ject’s evolutionary process. (See Figure 8 
for structural model examples.) 
 
Conclusions 
  
This series of experiments set out to en-
courage the exploration of design opportuni-
ties in technology with the ultimate 
intention of encouraging the further em-
brace of technology in the holistic design 
process. Learning through experimentation 
and fabrication, making the abstract physi-
cal, has been demonstrated over the years 
as an effective method in the communica-
tion of structural ideas.3 The success of this 
approach was apparent during the semester 
as the students explored innovative solu-
tions to the problems posed. From semes-
ter-end feedback, they articulated their ap-
preciation in seeing the application of the 
abstract ideas presented in class. Also, the 
competitive spirit of the testing at the end of 
each project also served to excite the stu-
dents about exploring the ideas each project 
addressed. To succeed, students had to 
pursue avenues of interest while attending 
to the different aspects of the experiment’s 
set-up. 
 
From my point of view, I appreciated listen-
ing to students explain their ideas and dem-
onstrate how their design performed. I found 
this required more student accountability 
and involvement than the passive lecture 
environment. By comparison, in the lecture 
portion of the course students seem to pas-
sively soak up the information being dis-

cussed, accepting on faith that a particular 
line of inquiry is valid and important without 
having any participation or experience in 
reaching that conclusion. In this environ-
ment of blind faith, students’ are less inter-
ested in exploring their own curiosities 
about the subject material.4 These experi-
ments, by contrast, tapped into this curios-
ity. 
 
Another lesson from this effort was to em-
phasize failure more next time. Often, the 
designs were over-built to the point of ob-
fuscating how the structure was actually 
working. The next iteration of these projects 
will embrace failure as part of the learning 
process by somehow rewarding failure (as 
attempted in the ‘spanning’ experiment #2). 
Having students explain the principles be-
hind how their structure failed will (poten-
tially) make the issue more memorable. 
From my own experiences in making, it is 
through failure that the most poignant les-
sons are conveyed. The importance of 
shear walls becomes more convincing when 
the model collapses to the side with a side-
ways push. Also, “students need to see that 
it is acceptable to make mistakes as long as 
they can apply what they learned from the 
process and try to solve the problem again. 
This mirrors the real world more accu-
rately.”5 Failure encourages reflection; suc-
cess is often a forgotten checkmark. 
 
Beyond the pedagogical benefits of hands-
on learning, the other successes of these 
projects include information technology re-
sources and aspects of the project set-up. 
Having the PowerPoint lectures for each 
assignment permanently accessible through 
the use of Blackboard (or other web-based 
class communication systems) allows stu-
dents to revisit the ideas and images pre-
sented as often as needed to stimulate and 
focus their design ideas. Having the stu-
dents to do specific issues-based experi-
ments on their own time, prior to their final 
design (and documenting this process) was 
helpful. Digital documentation of these early 
experiments and the written reflections on 
the lessons learned allowed me to share in 
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their efforts without sacrificing class time. 
Also, limiting the primary material that was 
used for the design explorations to inexpen-
sive cardstock eliminated the preciousness 
of each proposal, thereby encouraging more 
attempts. Finally, in the last project, the im-
portance of the initial pin-up is significant; 
seeing a ‘structures’ professor actively en-
gaged with their architectural interests, al-
beit through a structural eye, connects them 
to the potential of this issue in their architec-
ture. 
 
Finally, the experiments were most effective 
when coordinated with the lecture material. 
This was evident particularly in the first two 
projects of ‘column support’ (concurrent 
force system example, cross-sectional 
properties) and ‘spanning the gap’ (non-
concurrent force system, cross-sectional 
properties). The exercise in span would 
have been even more informative if done in 
tandem with shear and moment diagrams 
(which occurred later in the semester). For 
the latter two projects (system stability and 
structural model), the disconnect between 
the project content and the lecture content 
was apparent and (when the projects are 
revisited) poses an opportunity for im-
provement. It seems that subsequent, more 
advanced structures courses beyond statics 
would have even more opportunity for the 
discussion of structural systems.6  
 
Therein I return to my ongoing question re-
garding the instruction of structures for ar-
chitecture students. What would ultimately 
benefit architects the most in terms of the 
inclusion of structural issues in their design? 
Is a mathematical foundation a helpful lan-
guage to establish, even though it is rarely 
applied in the practice of architecture? Does 
an early mathematical emphasis serve well 
to introduce the issues, from which more 
creative investigations can stem? What is 
fundamentally relevant in the structural edu-
cation of architects? While considering 
these questions, I’ll continue to pursue an 
effective balance between heuristic experi-
ences for the students, as epitomized by 
these projects, and the conventional com-

munication, with a quantitative emphasis, of 
course material.  
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Abstract 

Currently, no comprehensive or coordinated 
information exists on seismic design educa-
tion for architects and architecture students 
in the United States. This subject deserves 
attention, particularly in view of recent 
trends toward the nationalization and global-
ization of architectural practice. Many archi-
tects, educated and based in areas of infre-
quent seismicity, find themselves more and 
more frequently required to design in re-
gions of the U.S. or abroad where the seis-
mic hazard is more serious. Unfortunately, 
this has not been adequately reflected in 
architectural education.  Architects assume 
a pivotal role in seismic resistant design and 
are responsible for communicating seismic 
resistant strategies to building owners and 
community leaders.  It is important that 
seismic design educators and practitioners 
understand how seismic design is currently 
taught in schools of architecture in order to 
identify new avenues for seismic design 
education and disseminate best teaching 
practices.  

This paper reports on findings from: a sur-
vey of professors who teach structures in 
the U.S. schools accredited by the National 
Architectural Accrediting Board (NAAB); a 
review of school catalog materials; and an 
examination of school performance related 
to relevant student performance criteria 
used in the accreditation process.  It in-
cludes a review of the seismic design con-
tent of architecture programs and the meth-
ods used to teach seismic design in an ef-
fort to chart how students learn seismic de-
sign concepts at various institutions. Find-
ings include information about regional in 

 
fluences and the professional profile of in-
structors as well as faculty assessment of 
currently available teaching materials and 
identification of future teaching materials 
needs. Most significant is evidence suggest-
ing that although most schools of architec-
ture address the concepts central to seismic 
design across the curriculum in a variety of 
courses, there are barriers that may prevent 
students from learning how to incorporate 
seismic design lessons into the architectural 
design process. 

Background 

In the past two decades the National Sci-
ence Foundation (NSF) and the Federal 
Emergency Management Agency (FEMA) 
have funded several projects directed to 
architectural education.  Recently, the 
Earthquake Engineering Research Institute 
(EERI), with the support of FEMA, com-
pleted Designing for Earthquakes, a manual 
for practicing architects that was developed 
in response to the need for a text that con-
solidated information needed by architects 
preparing for practice in earthquake country.  

In 2000, the Building Science Safety Coun-
cil (BSSC), with the support of FEMA, 
funded the development of a number of 
modules of a slide show directed to archi-
tects, predominantly related to the FEMA 
publications on the NEHRP Provisions for 
New Buildings and the publication on the 
Seismic Rehabilitation of Existing Buildings. 
These presentations have been given to a 
number of AIA continuing education classes 
but have had limited reach into the required 
curricula in schools of architecture. 



366  Building Technology Educators’ Symposium August 2006 Proceedings  
 

In 1995, following the great Hanshin-Awaji 
Earthquake, NSF funded a team from the 
American Institute of Architects (AIA), in co-
operation with the Japan Institute of Archi-
tects (JIA), to visit Kobe to focus on archi-
tecture and planning issues of reconstruc-
tion.  Subsequently, in 1996 a joint AIA/JIA 
workshop was held in Washington, DC and 
a set of proceedings was published entitled 
“Architectural and Planning Lessons from 
the Great Hanshin-Awaji Earthquake. 

Prior to this work a number of seminars for 
architects were developed and presented 
through support by FEMA to the AIA and 
the Association of Collegiate Schools of Ar-
chitecture (ACSA) through the AIA/ACSA 
Council on Research.  Later, derived from 
these seminars, a self-study course was 
developed that includes a short textbook 
and a videotape: this course was aimed at 
the AIA Continuing Education program. 
However, the work was not followed up, the 
course is no longer available, and the 
AIA/ACSA Council on Research was dis-
banded and reconstituted into the Institute 
for Architectural Research (IAR), which 
ceased to be active in 2003. Unfortunately 
in the process, past initiatives related to 
seismic design education for architects have 
been disregarded and resources are be-
coming out-of-date and out-of-print.   

In addition to the seminars, two institutes on 
seismic design education involved architec-
tural faculty members teaching general 
building design.  This activity culminated in 
a charrette--a three-day, hands-on design 
course-- held in Los Angeles in 1997.  In 
this course, faculty/student teams from a 
number of Los Angeles architectural 
schools participated in a Rapid Visual 
Screening exercise in Pasadena, California, 
designed information kiosks for use at 
FEMA disaster sites, and finally, con-
structed full size prototypes of the kiosks 
using wood frame construction and requir-
ing some seismic calculations and construc-
tion detailing.  In 1998 the AIA/ACSA team 
organized a national student design compe-

tition for the design of seismically resistant 
housing on a site in Hollywood, California.   

These projects gave researchers some ex-
perience in the possibilities and constraints 
involved in teaching seismic design, both to 
students and practitioners. In addition re-
searchers gained understanding of the state 
of seismic design education at architectural 
schools that enabled them to develop a list 
of faculty members involved in teaching, 
using a variety of approaches.  This experi-
ence provided a valuable foundation upon 
which to develop a more systematic and 
extensive survey of seismic design educa-
tion.  

Project Approach 

Information about the seismic design educa-
tion of architects in the United States was 
gathered using the following methods: 

1) A review of recent studies of building 
technology education in U.S. schools of ar-
chitecture.  

2) Analysis of data provided by the National 
Architectural Accrediting Board (NAAB).  

3) A survey of faculty members most famil-
iar with the seismic design curriculum at 
schools of architecture accredited by NAAB.   

4) An examination of architecture school 
catalogs and course information available 
on the internet. (This method was used to 
assist the survey process and augment in-
formation gathered in the survey.) 
 

Based on this information the project team 
developed recommendations for ap-
proaches to improving seismic design edu-
cation in schools of architecture. 

NAAB Accredited Programs  

The NAAB accredits professional programs 
offering the Bachelor of Architecture 
(B.Arch.), Master of Architecture (M.Arch.) 



 Seismic Design Education in U.S. Schools of Architecture 367 

 

and Doctor of Architecture (D.Arch.) de-
grees.  Most state architectural licensure 
boards identify completion of an accredited 
degree as the minimum educational re-
quirement to qualify for architectural licen-
sure. There are currently 114 accredited 
architecture programs in the United States. 
Their distribution  in relation to the United 
States Geological Survey (USGS) ranking 
of states according to earthquake activity is 
shown in the table 1.  

Only 4,500 or 18% of architecture students 
enrolled in accredited degree programs in 
the United States are studying at schools 
located within the top ten most seismically 
active states where public awareness of 
seismic design is highest and the local 
community of practicing architects is more 
experienced with seismic design.   

 
 
 

USGS GROUPING OF STATES BY 
EARTHQUAKE ACTIVITY 

 

SCHOOLS APPROXIMATE 
NO. OF  
STUDENTS 
ENROLLED 

B.ARCH M.ARCH D.ARCH

Top ten: Alaska, California, Hawaii, 
Nevada, Washington, Idaho, Wyo-
ming, Montana, Utah, Oregon 

 

17 

 

4,500 

 

9 

 

12 

 

1 

Second Ten: New Mexico, Arkansas, 
Arizona, Colorado, Tennessee, Mis-
souri, Texas, Illinois, Oklahoma, 
Maine 

 

21 

 

4,200 

 

10 

 

18 

 

0 

At least one Magnitude 3.5 and 
greater earthquake in 30 years: New 
York, Alabama, Kentucky, South 
Carolina, South Dakota, Virginia, Ne-
braska, Ohio, Georgia, Indiana, New 
Hampshire, Pennsylvania, Kansas, 
North Carolina, Massachusetts, 
Michigan, Minnesota, Mississippi, 
New Jersey, Louisiana, Rhode Island, 
West Virginia 

 

59 

 

14,100 

 

39 

 

40 

 

0 

0 Magnitude 3.5 and greater earth-
quake in 30 years: Connecticut, 
Delaware, Florida, Iowa, Maryland, 
North Dakota, Vermont, Wisconsin 
(Washington D. C. and Puerto Rico 
included) 

 

17 

 

2,600 

 

7 

 

11 

 

0 

 
Table 1. Distribution of Architecture Schools and Students by Earthquake Activity in U.S. States 
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NAAB Student Performance Criteria 
Related to Seismic Design 

The 1998 criteria (revised in 2002) for stu-
dent performance identified 37 subject ar-
eas that must be included in accredited pro-
grams.  A new version of this document with 
34 criteria was adopted in 2004. Although 
student performance criteria that specifically 
address structural systems are most likely 
to address earthquake resistant design di-
rectly, other subject areas address issues 
relevant to the practice of seismic design. 
The Criteria, with changes adopted from the 
2004 document, include: 

Structural Systems: Understanding of the 
principles of structural behavior in with-
standing gravity and lateral forces, and the 
evolution, range, and appropriate applica-
tions of contemporary structural systems 

Building Systems Integration: Ability to 
assess, select, and conceptually integrate 
structural systems, building envelope sys-
tems, environmental systems, life-safety 
systems, and building service systems into 
building design 

Comprehensive Design: Ability to produce 
a comprehensive architectural project based 
on a building program and site that includes 
development of programmed spaces dem-
onstrating an understanding of structural 
and environmental systems, life safety pro-
visions, wall sections, and building assem-
blies, and the principles of sustainability. 

Site Conditions: Ability to respond to natu-
ral and built site characteristics in the devel-
opment of a program and design of a pro-
ject. 

Code Compliance: Understanding of the 
codes, regulations and standards applicable 
to a given site and building design, including 
occupancy classifications, allowable build-
ing heights and areas, allowable construc-
tion types, separation requirements, occu-
pancy requirements, means of egress, fire 

protection, and structure.  (This criterion 
was eliminated by NAAB in 2004) 

Legal Responsibilities: Understanding of 
the architect’s responsibility as determined 
by registration law, building codes and regu-
lations, professional service contracts, zon-
ing and subdivision ordinances, environ-
mental regulation, historic preservation laws 
and accessibility laws. 

There is also a student performance crite-
rion called “Life Safety.”  However NAAB 
evaluation of this criterion focuses primarily 
on design for egress. None of the 34 criteria 
for student performance include a specific 
mention of seismic design or design in re-
sponse to natural hazards.  The most 
closely related topic is the mention of lateral 
loads in the “Structural Systems” criterion. 

School Performance on Criteria 
Pertinent to Seismic Design Educa-
tion 

As part of a self-study NAAB recorded the 
results of visiting team assessment of stu-
dent performance criteria for the years 
1999, 2000, 2002, and 2003. During these 
years 92 schools, 80 % of the accredited 
schools in the U.S., were visited. Table 2 
below shows percent of schools that failed 
to meet student performance criteria related 
to seismic design. 

Structural Systems 0 % 

Building Systems Integration 29.3 % 

Comprehensive Design 33.7 % 

Site Conditions 4.3 % 

Legal Responsibilities 6.5 % 

Building Code Compliance 
(eliminated in 2004) 

14.1 % 

 
Table 2. Failure rates for student performance criteria  
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Although all schools reviewed during this 
period met the student performance crite-
rion for structural systems, and most 
schools met the criteria for site conditions 
and legal responsibilities of architects, ap-
proximately one third did not meet the per-
formance criteria associated with compre-
hensive design and nearly 30% did not 
meet the criteria associated with building 
systems integration. These results suggest 
that accredited architecture programs pro-
vide students with a basic understanding of 
subjects needed to understand seismic de-
sign concepts but may not consistently pre-
pare students to integrate technical systems 
into the architectural design process effec-
tively.    

Survey of Educators 

The research team designed the survey of 
seismic design educators to gather informa-
tion about the following aspects of seismic 
design education: 

curricular context within which seismic de-
sign subjects are taught;  

degree to which various seismic design top-
ics are addressed in the required curricu-
lum; 

presence of elective and extra-curricular 
opportunities for students and continuing 
education opportunities for design profes-
sionals; 

instructional methods used to present seis-
mic design topics; 

instructors’ views about the appropriateness 
of design-based learning methods for teach-
ing seismic design topics; 

instructors’ educational backgrounds, ap-
pointment types and teaching experience; 

publications and other materials used to 
teach seismic design. 

instructors’ views about adequacy of cur-
rently available teaching materials and re-
sources needed for teaching seismic de-
sign; 

relative difficulty of the seismic design cur-
riculum and its effectiveness at preparing 
students for the seismic design portion of 
the Architectural Registration Examination 
(ARE); 

Survey Administration 

114 schools accredited by the National Ar-
chitectural Accrediting Board were invited to 
participate in the survey by an email sent to 
school administrators and through an article 
published in Connector, a newsletter dis-
tributed to building technology educators in 
schools of architecture.  Through this proc-
ess the research team identified professors 
who oversee the structures curriculum at 82 
schools and contacted these individuals by 
email, phone or letter.  

54 professors familiar with the seismic de-
sign curriculum at 54 schools completed the 
survey; 50 by phone and 4 by email. Data 
from 11 additional schools was gathered 
from university catalogs and course descrip-
tions available on the internet. Data gath-
ered in this study represents 57% of NAAB 
accredited schools and the response rate 
for individuals contacted was 66%. 

Data analysis included both quantitative  
sorting of responses to questions seeking 
specific information about curriculum and 
compilations of professors’ comments to 
open ended questions related to their views 
and experiences. 

Survey Findings 

Architecture students learn most about 
structural aspects of seismic design and 
least about the seismic design of non-
structural systems and components or the 
seismic design considerations relevant to 
site and regional planning. Some of the 
most important aspects of seismic design 
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for architects—areas for which architects 
have primary responsibility are not included 
in required curricula. In most schools, seis-
mic design is taught solely within structures 
courses.   

Seismic design education focuses primarily 
on new buildings. Architecture students 
have relatively little exposure to concepts 
related to the evaluation of existing build-
ings, retrofit design or approaches to pro-
tecting historic structures. 

Although computer aided design methods 
are used extensively in schools of architec-
ture, fewer than half of the faculty teaching 
seismic design ask students to use com-
puter models of building performance in 
their study of structural concepts.  

The majority of faculty members teaching 
seismic design in schools of architecture are 
structural engineers. 70% of the instructors 
surveyed reported that their highest degree 
was in engineering. 30% have degrees in 
architecture.   

Interdisciplinary seismic design learning ex-
periences that combine architecture and 
engineering students are uncommon and 
faculty crossover tends to be one-way with 
engineers actively teaching engineering 
principles to architecture students but archi-
tects rarely teaching architectural principles 
to engineering students.   

The majority of respondents (67%) agreed 
that building design projects were an appro-
priate vehicle for teaching seismic design, 
however many identified obstacles to teach-
ing seismic design concepts in the design 
studio. These include the need for students 
to acquire more theoretical background prior 
to beginning design, lack of willingness of 
studio faculty to prioritize seismic design 
issues and inadequate time available to 
teach this subject. Faculty members who 
advocated for a design-based learning ap-
proach identified the studio as an effective 
format for learning how to place principles 
into practice.  The centrality of the design 

studio and the priority students and faculty 
place on the studio component of their aca-
demic programs was also seen as a good 
way to promote interest in the subject. 

The majority of respondents (57%) believe 
that materials currently available for teach-
ing seismic design concepts to architecture 
students were inadequate.  When asked 
about their preferences for new teaching 
materials the most common requests were:  
case study examples, design based exer-
cises or handbooks containing rules of 
thumb for the design studio, graphic presen-
tations of qualitative seismic design con-
cepts and comprehensive chapters on 
seismic design in general structures text-
books developed for architecture students. 
Only a few faculty members indicated that 
their students were required to read material 
in textbooks on seismic design and many 
acknowledged that the limited time available 
to cover the subject made it unrealistic to 
expect students to engage in in-depth read-
ings or extensive projects dedicated to 
seismic study. 

The extent and content of seismic design 
education in schools of architecture is 
greatly influenced by the seismicity of the 
region where schools are located.  Most 
schools located in high-wind regions re-
ported that their coursework emphasized 
wind-resistant design with significantly less 
time spent on seismic design.  Respondents 
also observed that studio design projects 
are sited primarily within the region where 
the schools are located so that students in 
less seismically active areas are unlikely to 
develop a design for an earthquake prone 
site. Several respondents in areas of low 
seismicity reported that their school’s cur-
riculum did not address seismic design spe-
cifically although general concepts related 
to lateral load resistance of structural sys-
tems were covered. 

The educational background and profes-
sional experience of the instructor can have 
a significant impact on the content of the 
seismic design curriculum. Faculty mem-
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bers with particular knowledge in seismic 
design tended to spend more time teaching 
seismic design content.   

The seismic design component of the struc-
tures curriculum is less challenging for stu-
dents than the general structures curriculum 
but may be sufficient to prepare students for 
the architects’ registration examination.  
Many instructors reported that they pre-
sented the seismic design portion of the 
structures curriculum qualitatively rather 
than quantitatively and that seismic study 
was perceived by students as being less 
difficult than other areas of their structures 
curriculum. Very few instructors reported 
using quantitative analysis, fieldwork and 
the construction of digital or physical mod-
els--teaching methods that require more 
hours of student engagement. However, the 
majority of respondents (66%) predicted 
that students who completed their schools’ 
structures curriculum were likely to be able 
to pass the lateral loads portion of the ARE 
without additional preparation because of 
the qualitative and conceptual emphasis of 
the exam content. 

Prior Studies of Building  
Technology Education  
in Schools of Architecture 

In 2005, David J. Thaddeus at the Univer-
sity of North Carolina conducted a survey 
on technology education for the ACSA. The 
project was sponsored by the American In-
stitute of Steel Construction (AISC) for the 
purpose of gathering information about 
structural steel education in schools of ar-
chitecture. The survey also included other 
questions of interest to the ACSA.   92 fac-
ulty members teaching building technology 
subjects in accredited architecture programs 
in the US and Canada responded to ques-
tions about architectural education concern-
ing school profiles; faculty qualifications and 
teaching assignments, curricular content 
and teaching materials. Only 8% of respon-
dents said the subject of seismic structures 
was covered explicitly in the required cur-

riculum. 6% responded that seismic design 
was addressed in advanced elective 
courses. A question concerning the need for 
teaching materials showed faculty requests 
for case studies (12%), design rules of 
thumb (11%) and visualizations of structural 
behavior (11%).  

In 1994, Daniel L. Faoro at the University of 
North Dakota surveyed faculty members 
teaching structures in schools of architec-
ture. Surveys were sent to 117 schools and 
58 responses were received. Over 60% of 
the respondents had graduate degrees in 
engineering, approximately one quarter of 
them had professional degrees in architec-
ture. 10% of respondents reported that 
seismic design was their primary research 
area. Many different structures textbooks 
were in use; no book on seismic design was 
mentioned as a required or recommended 
text for structures courses.  28% reported 
having elective seminars on specialized 
structures topics; but only one school re-
ported offering a seminar on seismic design. 
11% reported that the studio curriculum at 
their schools included special topics studios 
in structures. When asked to rank the em-
phasis placed in the structures curriculum of 
various topical areas, most respondents 
ranked quantitative analysis and qualitative 
understanding of structural behavior above 
design applications. The lowest ranked sub-
ject areas were history of structural devel-
opment and use of computer simulations. 
74% of respondents agreed that closer inte-
gration of technical courses and studio in-
struction is needed. 

Conclusions and Recommendations 

All of the sources consulted in this study: 
the NAAB, the surveys of seismic design 
educators and prior surveys on building 
technology education confirm that architec-
tural educators and professional evaluators 
of architecture programs believe that archi-
tecture schools can do a better job at teach-
ing students how to integrate technical as-
pects of building design into the architec-
tural design process.  The failure to inte-
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grate seismic study into the design curricu-
lum in schools of architecture appears to be 
due to the compartmentalization of seismic 
design education into a relatively small por-
tion of structures coursework usually taught 
by individuals who are not qualified to teach 
architectural design studio. Many instructors 
responsible for the seismic design portion of 
their school’s curriculum expressed frustra-
tion at the lack of time available to teach the 
subject and the lack of follow through in de-
sign studios which are the focus of students’ 
design experience and occupy the center of 
schools’ curricula.  Architecture students 
who do study seismic design tend to do so 
in the context of learning about structural 
systems—an aspect of design that is pri-
marily the responsibility of engineers and do 
not study aspects of seismic design, related 
to non-structural systems or site planning--
areas that are primarily the responsibility of 
architects. Even though the professional 
practice of architecture increasingly crosses 
national and international borders, regional-
ism prevails at schools of architecture, par-
ticularly in the design studio component of 
student experience. Most students do not 
have the opportunity to undertake a design 
project that address natural hazards that are 
not prevalent in their region.  

The need for curricular development in the 
area of seismic design is clear, however 
structural changes to curricula in schools of 
architecture can be difficult to implement. It 
is unlikely that schools will have the finan-
cial or time resources available to add or 
expand courses or hire specialized faculty 
members to teach seismic design.  Given 
these constraints, future seismic design ini-
tiatives in architectural education should 
emphasize faculty development programs 
that engage instructors who teach design 
studio, professional practice and other 
coursework in subject areas other than 
structures. The primary audience for past 
initiatives in seismic design education aimed 
at architecture faculty has been structures 
instructors. This is partly due to self-
selection—structures instructors are inter-
ested in the subject and volunteer to partici-

pate; and partly due to choices made by 
school administrators who tend to forward 
calls for seismic design opportunities to 
structures faculty. Although there has been 
some involvement of design studio instruc-
tors from California schools, past initiatives 
in seismic design education have not 
reached faculty responsible for teaching ar-
chitectural design studio. 

For faculty development programs to be 
successful they must be relevant to the 
teaching and research interests of the fac-
ulty and provide incentives for faculty par-
ticipation. Addressing seismic design in a 
way that connects to subject areas across 
the curriculum where faculty members have 
teaching responsibility can increase rele-
vance. Incentives can include stipends to 
assist in covering the cost of participation, 
but longer-term results may be achieved if 
professional development programs assist 
junior faculty in attaining promotion and ten-
ure through competitive grant awards, peer 
reviewed publication, national recognition of 
teaching achievement and opportunities to 
contribute to research projects.  

There is a pressing need for new and re-
vised teaching materials that support the 
integration of seismic design into the 
broader contexts of architectural design. 
The available literature on seismic design is 
inadequate because it does not provide ar-
chitecture students with information that is 
at an appropriately rigorous level in a visual 
format. Seismic design information in stan-
dard textbooks that are required for building 
technology courses lacks rigor. Architecture 
students respond best to information pre-
sented graphically because graphic inquiry 
is central to the architectural design proc-
ess. Case studies were among the most 
frequently requested materials. Some re-
spondents recommended that emphasis be 
placed on case studies that are recognized 
for overall architectural excellence.  The ex-
amination of case studies and learning from 
precedents is a standard practice across the 
curriculum in architectural education.  
Teaching materials projects that address 
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the insertion of seismic design information 
into case studies that are already used in 
other subject areas may be an effective 
strategy to raise student and faculty aware-
ness of seismic design and provide convinc-
ing illustrations of the integration of seismic 
design into the broader context of architec-
tural design. 

Demonstration projects that build upon ex-
isting frameworks in architectural education 
can be used to promote broader under-
standings of the architect’s role in seismic 
design. Data from this study confirms that 
every school of architecture is unique. Mis-
sions of the schools and the stakeholders 
schools serve shape diverse approaches to 
architectural education.  Although all ac-
credited schools must meet the student per-
formance criteria established by the NAAB, 
coursework in schools of architecture is not 
standardized. Faculty members develop 
courses in response to the school’s context 
and instruction is tailored to the specific 
needs and interests of the students and 
faculty members at a particular school.  A 
review of course syllabi collected as part of 
the faculty survey suggest that there are 
few, if any, examples of best practices in 
seismic design education that are readily 
transferable to a majority of architecture 
programs.  Most depend on the ability of 
uniquely qualified faculty or access to re-
gional professional resources in areas of 
high seismicity. The development of dem-
onstration projects that are carefully de-
signed for transferability could help schools 
address seismic design efficiently and effec-
tively.  These projects could examine ways 
to access expertise from outside of an archi-
tecture department and test ways to equip 
faculty members who are generalists rather 
than specialists. Motivation of student inter-
est in seismic design is a key factor in ad-
vancing learning outcomes. Projects that 
demonstrate ways to engage students 
studying in regions of lower levels of seis-
micity in designing for earthquake country 
would be particularly valuable. 

Earthquake community partnerships with 
national organizations that support excel-
lence in architectural education could pro-
mote seismic design education.  The two 
national organizations with the most direct 
links to the greatest number of architecture 
faculty members are the ACSA and the AIA. 
Both organizations undertake initiatives re-
lated to architectural education through 
committee work conducted by members and 
through research and service projects re-
lated to architectural education.  Partner-
ships between architecture faculty and stu-
dent organizations with organizations that 
support academic and professional interests 
has been very effective within the green de-
sign community and there are many lessons 
to be learned from examining the shift that 
has taken place in the area of sustainable 
design from an activity driven by specialists 
to one driven by generalists. Vehicles to 
consider are: the committees of the AIA, 
especially the AIA’s Knowledge Communi-
ties with interests in building performance 
and in education; programs administered by 
the ACSA, particularly the association’s stu-
dent competition and curriculum develop-
ment projects; and the national and regional 
meetings of the ACSA, the AIA and the 
American Institute of Architecture Students 
(AIAS).  

Finally, it is clear from an analysis of the 
NAAB student performance criteria that 
schools of architecture and accreditation 
review teams do not receive a specific di-
rective to address seismic design or disas-
ter resistant design in the curricula of archi-
tecture schools.  The development of a 
white paper containing proposals for revi-
sions to the NAAB student performance cri-
teria would be an effective strategy for mov-
ing disaster resistant design onto the 
agenda of a national dialog that involves the 
ACSA, the AIA, the AIAS and the National 
Council of Architectural Registration Boards 
(NCARB), the five collaterals that comprise 
NAAB.   
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Introduction 

The Building Literacy project is developing a 
learning environment that improves building 
technology education for the architecture 
curriculum through the use of advanced 
digital media.  A prototype is in production 
through a seed grant from University at Buf-
falo.  The project is developing a pedagogy 
and instructional tools to more effectively 
teach building technology concepts and as-
sist students to better apply building tech-
nology within the design process.  

Back ground  

The practice of architecture requires an ap-
plied understanding of the technical issues 
of structures, construction and environ-
mental systems (lighting/electrical, plumb-
ing, heating/cooling/ventilation), and con-
struction. Over the last decade, extensive 
examination of the preparation for architec-
tural practice has revealed an almost uni-
versal agreement that the nation’s universi-
ties are producing graduates who are not 
adequately prepared for the professional 
practice of architecture (Commission on 
Engineering and Technical Systems 51). 

A number of factors contribute to this prob-
lem. First, courses in structures, building 
services and construction technology are 
rarely, if ever, fully integrated into the 
broader architecture program and design 
studios.  Architectural design studios are the 
backbone of most architectural curricula, 
where students apply concepts learned 

elsewhere in the program. Students are 
poorly served when technological aspects of 
building design are absent in the studio en-
vironment.  Thus, valuable opportunities to 
reinforce and apply the learned concepts of 
technology courses are squandered, the 
pivotal importance of technology as a de-
sign tool is overlooked, and the develop-
ment of an integrated conceptual and tech-
nical design strategy is not encouraged. 

Second, building technology curriculum, 
teaching methods, and instructional tools 
are frequently developed outside of the ar-
chitectural discipline, usually borrowed from 
engineering programs with little modifica-
tion. Instruction is highly quantitative, using 
abstract mathematical models and nomen-
clature. Since architecture students have 
neither the disposition nor the mathematical 
skills required to understand this method of 
teaching, they quickly become frustrated or 

Figure1. Screen shots of the proposed project in-
terface 
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intimidated by the building technology cur-
riculum.  The consequence is that many ar-
chitecture students fail to master basic con-
cepts as well as the more demanding as-
pects of innovative building technology de-
sign. 

According to T.F. Peters in an ongoing ex-
periment published in the Journal of Archi-
tectural Education, architects primarily react 
visually to their environment.  Unfortunately, 
technical subjects are often taught simplisti-
cally and non-visually, reinforcing the diffi-
culties of teaching the complexity and ambi-
guity of technical thought and choice (Pe-
ters 14). Unlike many engineers, architects 
are taught to think spatially and need to un-
derstand how architecture, structure, and 
building services are integrated into three-
dimensional space.  

Finally, many architecture programs hire 
adjunct faculty to teach the technology 
course sequence. According to the 
2000/2001 National Architectural Accredit-
ing Board, Inc. (NAAB) Statistics Report 
[NAAB 2002], nearly 58% of all faculty 
members in the 113 NAAB architecture 
schools in the United States are part-time. 
Although most adjunct faulty bring signifi-
cant practice experience to the classroom, 
their commitment to the educational institu-
tions is very limited, as a result course ma-
terial development and use of innovative 
teaching methods suffer. 

Although there has been significant effort 
among various faculty across the nation to 
address poor technical preparation in archi-
tecture, it still lacks concrete, proven solu-
tions. To address this educational weak-
ness, the National Architectural Accrediting 
Board (NAAB) introduced a curriculum re-
quirement mandating the integration of de-
sign and technology in 1998. This NAAB 
defines comprehensive design as the ability 
to produce an architectural project informed 
by a comprehensive program, from sche-
matic design through the detailed develop-
ment of programmatic spaces, structural 

and environmental systems, life safety pro-
visions, and building systems integration.  

Although the NAAB requirements are im-
plemented in all accredited programs, the 
learning environments that facilitate the in-
tegration of design and technology are not 
fully developed.  Building Literacy project 
aims to produce educational materials that 
are designed for use in comprehensive de-
sign studios. 

Learning Theories & Architecture 
Pedagogy 

In the past two decades educational theory 
has focused on the role of student participa-
tion in the learning process, and a paradigm 
shift from the teacher centered classroom or 
“instructional paradigm” to student centered 
learning environments.  The basis of this 
theory is that the passive lecture format 
where the teacher lectures and the students 
listen is not the best setting for learning. 

Figures 2 & 3. screen shots of the Building and 
Construction  Module 
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Carl Raschke, who has written extensively 
on the topic, explains the premise of active 
learning as the following “…it implies that 
learning, or teaching for that matter, is opti-
mized whenever the inquiring mind is turned 
loose on a set of tasks or aims, rather than 
simply loading the brain with a carload of 
prefabricated materials” (Raschke, 28). 

In a learner centered environment, the 
teacher bases leadership, curriculum, and 
instructional modes directly on the needs, 
interests, and goals of each learner. The 
learning structure is holistic, approaching 
the subject from broad issues to individual 
parts, rather than looking at components 
prior to the whole.  This mode of teaching 
uses a variety of means including problem-
based inquiry, collaborative group learning, 
individual research and individual mentor-
ship to allow “self-directed” learning.  

In architecture education, the design studio 
offers a suitable set up for creating a learner 
centered environment.  As varied as they 
are, the design studios tend to keep stu-
dents active in the learning process. The 
support studio activities such as field trips, 
site studies, and hands-on construction are 
all designed to engage students in produc-
ing knowledge and gathering information, 
rather than just receiving it.  The Building 
Literacy project aims to produce educational 
materials that fit within this process. 

Computer-Mediated Teaching  

Digital tools are rapidly improving and the 
possibility of creating entirely virtual envi-
ronments for teaching is becoming a reality.  
Digital modeling combined with advanced 
computer graphic applications constitute 
powerful tools to create interactive environ-
ments appropriate for self-directed learning.  
In addition, this new media facilitates realis-
tic visualization which has not been possible 
in the past.   

Since architects are trained to think spa-
tially, and need to develop skills for under-
standing how building systems are inte-

grated into three-dimensional space, in-
struction utilizing sophisticated visualization 
can be extremely productive.  For example, 
in teaching structural analysis, virtual envi-
ronments can be designed and manipulated 
to emphasize or de-emphasize certain 
structural or material properties.  Material 
behavior that is not visible by the naked eye 
can be exaggerated to convey certain prin-
ciples. In teaching lighting principles, provid-
ing access to a “building component data-
base” can enable students to change vari-
ous building parameters such as windows, 
ceilings or light shelves to visualize the ef-
fects on light distribution within a space and 
examine each condition in relation to heat 
flow and its impact on the structural compo-
nents. Building mechanical systems can be 
examined by digitally deconstructing a build-
ing layer by layer to expose the positioning 
and performance of each system such as 
plumbing or HVAC in relation to others.  

Building Literacy Project 

The fundamental objectives of the Building 
Literacy project are: 1) produce a pedagogy 
that better integrates building technology 
with the architecture comprehensive design 
studio and; 2) produce an innovative learn-
ing environment which takes advantage of 
the interactive capabilities of state-of-the-art 
computing technology.  The completed pro-
ject will include four modules: 1) Building 
and Construction Technology; 2) Environ-
mental Systems; 3) Structures and; 4) Vir-
tual Case Studies. 

The Building and Construction Technology 
module surveys current building materials, 
construction systems and processes includ-
ing building envelope enclosure systems. 
The Environmental Systems module pro-
vides an overview of two types of environ-
mental systems heating, ventilation and air 
conditioning (HVAC), and lighting, including 
both artificial and natural light.  The Struc-
tures modulei is a complete reference to 
structural concepts, analysis  and design, 
and  the Virtual Case Studies module that is 
a compendium of building technology  prin-
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ciples demonstrated through the study of 
recently completed significant works of ar-
chitecture that exemplify the most effective 
integration of architecture, structure, ser-
vices, building envelope, and construction. 

Project Prototype   

The project prototype is designed to ad-
dresses the issues of architectural lighting in 
relation to other building systems such as 
structure, heating, ventilation and air condi-
tioning.  In this module students can input 
architectural features such as windows, ceil-
ings and light shelves, with the capacity to 
be moved, and varied in size in order to 
visualize the resulted lighting conditions. In 
addition external conditions such as sky 
conditions and urban barriers could also be 
accounted for.  Figure 4, shows a screen 
shot of the prototype that demonstrates how 
changing the barrier height transforms the 
lighting condition within the space.  Figure 5 
shows a heat flow diagram associated with 
each window opening size, thus enabling 
students to look at lighting quality as well as 
energy issues within the space and evaluate 
tradeoffs.  The prototype is in the process of 
completion and will be tested and evaluated 
in the comprehensive studio at university at 
Buffalo in the near future.  

Closing Remarks  

Improving the teaching of technology in ar-
chitecture programs is essential for the 
practice of architecture. The central princi-
ple underlying development of the project is 
to provide a learning environment designed 
to accommodate the thinking, strengths and 
interests of architecture students. Building 
Literacy will utilize digital graphics and an-
imations to provide a visual and direct 
means of communicating concepts, ground-
ing them in a real-world context.  

Figure 5. Screen shot showing heat flow diagrams 
associated with each window opening 

Figure 4. Screen shot of the project prototype 
showing the impact of urban barriers 
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Notes 

1 The structures module was completed 
through funding by the U.S. Department of 
Education, the Fund for the Improvement of 
Postsecondary Education (FIPSE). The pro-
ject has produced a multimedia software 
“Interactive Structures: Visualizing Struc-
tural Behavior Using Advanced Media”.  The 
software is currently being distributed by 
John Wiley and Sons Inc.   
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This paper delineates a methodology, which endeavors to rationalize qualitative perceptions of 
space into quantifiable and constructive form through implementing a range of two-dimensional, 
three-dimensional, calculation and interactive physical modeling tools at varying scales.  The 
presentation format of the paper cycles through a series of paired ‘design intent’ and ‘process’ 
elements.  The purpose of this ‘why’ / ‘how’ pairing is to keep the focus of the dialogue con-
nected with the empathic intent of design, and to not stray to less important tangents during the 
formulation processes.  This methodology of weaving empathic vectors into and amongst the 
fields of force that create our inhabited world is currently in an experimental process of forma-
tion and is open to critical dialogue. 
 
Introduction 
 
Design gives shape to an environment 
where human activities are made possible, 
and has a responsibility to imaginatively 
speculate upon the ongoing drama of hu-
man existence, narrative, emotions and 
memories.  Architectural technology must 
engage the mundane detail of everyday life 
at the same time that it addresses the 
sometimes vague and difficult questions of 
who and what we are as individuals and as 
communities.  Architecture and Engineering 
is unique in this charge amongst the fine 
and applied arts to create spaces that en-
gage the psyche by embodying our socio-
cultural conditions.  We must create specific 
active and passive spaces that allow both 
individuals and groups to engage their envi-
ronment. 
 
To speculate upon methodologies, which 
harmonize both active and passive verb-
based spatial design to evoke humanistic 
feeling; my students, clients and I have 
speculated upon the fundamental and po-
etic concepts of sight, sound, touch, move-
ment, and time in symbiotic relationships.  I 
have been using this methodology in both 
my academic teaching at design institutes 
across the Pacific Northwest, and in my pro-
fessional practice as an architect, sculptor 
and industrial designer.  By developing this 
process, we have developed a strong foun-
dation to our  

 
 
 
design work, which may fluidly respond to 
the morphological needs of a project  
 
whether a path of travel, moment of con-
templation or a place for work.  The process 
enables us to survey the existing conditions 
of a site, speculate upon appropriate inter-

ventions, test these ideas, reiterative the 
process as required, refine them based 
upon building requirements, and then verify 

 
Figure 1.1: Empathy [Fredrick H. Zal, 2006.] 
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their manifestation of the original empathic 
design intentions. 
 
Design Intent: Empathy 
 
Empathy can be understood to be the pro-
jection of one’s emotional state upon a 
space or object, or the vicarious experience 
of a situation through identification, under-
standing and the internalization of such feel-
ings about the space or object.  Empathy 
spans the quantitative and qualitative as-
pects of how our world is perceived and 
translated by the human psyche to create 
degrees of passionate and visceral re-
sponse.  Respecting both the romantic and 
pragmatic implications of our design inten-
tions, we can refine an idea to align with or 
challenge socio-cultural perceptions, as 
many of these cultural memories are tied to 
physiological roots.  Body positioning in jux-
taposition to mass and/or void evoke memo-
ries that trigger emotional reactions. 
 
By imaging what your feelings would be in 
differing physical settings, you can illustrate 
the principles behind empathy theory.  If 
one is alone in a vacuum, with no external 
stimuli, they would feel a certain amount of 
unrest.  To then have a simple plane in 
space near them, a sense of relativity can 
anchor us to feel a bit more comfort.  As this 
plane folds or curves to create a concavity, 
we begin to feel a sense of directionality.  
There is an area in front / behind and inside 
/ outside as space is defined.  Then, as this 
concavity builds up overhead to envelope 
us, a sense of stability is reached and we 
are sheltered within its form.  Knowing of a 
place within and without, we can make 
choices to our placement in space depend-
ant upon our emotional desires and needs 
for environmental protection. 
 
Process: Experimenting 
 
To initiate this process, let us begin with the 
most simple of our primordial tasks as de-
signers; the act of sheltering.  Key to human 
existence, it is considered to be one of our 

three minimal needs; along with eating and 
wearing protective clothes.  It is important to 
understand that the root of our work is not 
the static noun form of ‘shelter’ espoused by 
Abbé Marc-Antoine Laugier since 1755, but 
rather to provide a sense of shelter, a per-
ceptual verb / action base for spatial design. 
 
Depending upon the local climate, the way 
in which this space shelters will differ.  Be it 
an element to screen, shield, block or 
guard; the interior must foster a sense of 
protection from the external environment.  It 
is this perceived sense, the design, defini-
tion and creation of this feeling which is im-
portant, and it does not matter what the 
element is built from, or which platonic ge-
ometry it echoes.  This protective gesture of 
“sheltering” could be perceived under a sin-
gle blade of grass, the wisp of a feather, the 
web of a spider, or the mass of an over-
hanging rock.  In each case there is a com-
plex balance between the dualities of solid / 
void, light / shadow, and inside / outside.  
The mind interprets the gradation between 
dualities to form a perception of the space, 
and in turn is what makes us feel ‘comfort-
able’, ‘vulnerable’, ‘suffocated’ or ‘empow-
ered’. 
 

Design Intent: Embodying 
 
These dualities create metaphysical fields of 
force in our perception of space much like 

 
 
Figure 2.1: Magnetic Phenomena [Michael Faraday, 
1831.] 
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the positive / negative flows of geomagnet-
ics, which is a commonly accepted example 
of metaphysical forces interpreted visually.  
These metaphysical lines of force were illus-
trated by Michael Faraday in 1831 by scat-
tering metal shavings around dipole bar 
magnets.  The metal shavings follow the 
lines of force and create a series of discrete 
arcs radiating from each end of the magnet.  
Faraday believed that these lines of forces 
fill the space in which we live, which would 
otherwise be a perceptual vacuum.  The 
lines of force are not just metaphysical, but 
have a physical sense, just as we now un-
derstand how light can behave like a parti-
cle.  But, popular science of the time re-
jected his qualitative metaphysics in prefer-
ence for the quantifiable mathematical theo-
rems of William Thomson and James Clerk 
Maxwell.  Society was transforming from a 
legacy of spirituality to the age of rational 
thought, and therefore rejected all proposi-
tions that could not be labeled and quanti-
fied.  In our current age of optimism, these 
and other principles are being rediscovered.  
The principles of physical / metaphysical 
hybrids hold true and may allow us to better 
understand the multiphasic world in which 
we live and design. 
 
Process: Forming 
 
Our orientation in space, and relationship to 
mass and void through our bodies is the key 
to understanding the empathic forces and 
forming appropriate inter-relationships be-
tween orders of scale and sequences of 
spaces.  When the body is moving through 
space, standing still, gazing about, sitting 
down or laying at rest there are different 
physiological needs.  Our need for a sense 
of comfort will unconsciously orient us to-
ward the sun’s warmth or place the protec-
tive mass of a rock behind us much like the 
needle on a geomancer’s compass.  Dis-
tances between floor and ceiling or oppos-
ing walls will augment a sense of comfort or 
oppression.  Angling or modulation of these 
elements in reference to the binocular field 
of vision will further enhance the sense of 

movement.  Creating spaces that are spe-
cific to body positioning or paths of move-
ment are quintessential to this tact of design 
and is what makes empathic design most 
profound.  After all, a space designed for 
working is certainly not the same physical 
and phenomenological space needed for 
quietly contemplating or traveling. 
 
To converse in the complex sensory per-

ceptions tied to physiology, we may engage 

 
 
Figure 3.1: Honme Dwelling [Atelier Z, 2004.] 



384 Building Technology Educators’ Symposium August 2006 Proceedings 
 

the field of ergonomics.  Ergonomics is the 
study of interactions between the human 
body, space and objects for the optimization 
of comfort and performance.  The Honme 
Dwelling [2004] was designed through a 
reiterative process that integrated careful 
ergonomic studies of the clients’ body di-
mensions, range of motion and comfort 
preferences.  This existing residential struc-
ture will be augmented with a number of 
pre-fabricated shards.  The largest shard is 
a tower on the Northwest corner that para-
sitically springs up from the ground plane.  
Its form is derived from the integration of 
two separate paths of travel.  One path be-
ing of speed and verticality, so that the shy 
partner could flee the cacophony of com-
pany when needed.  The other is extro-
verted, and allows for a sense of grand en-
try, promenade and even pontification when 
desired.  As the paths converge into one, 
they reach up towards the sky and sunlight.  
The upper chamber is divided into a place 
for sleep, work and study directly propor-
tional to the bodily engagement required for 
the action or inaction.  The ergonomics are 
mediated by a vertical support, protective 
skin and solar filters, which combine to cre-
ate a sumptuous experience. 
 
Design Intent: Purity 
 
In sculpting the desired form, it should re-
main pure, and must not become over ana-
lyzed or self-referential.  To ensure that this 
purity remains, it is important that the de-
signer work quickly and does not need to 
have tangential tasks that would sway the 
mind’s focus, such as precise measuring or 
cutting, while creating a physical version of 
the design intentions.  As we move into 
physical space formation, there is a poten-
tial to misinterpret or loose some of the pu-
rity understood from our enteric nervous 
system or gut.  If possible, the designer 
should fully engage this intuition, and leave 
the logical left side of the brain in a state of 
calm meditation.  The paradox being that 
anything physical by definition eschews be-
ing ephemeral, let alone phenomenological. 
Further, as inventors of physical artifacts, 

we of course need to design and propose 
ideas that may be constructed.  But for now, 
these aspects need to step aside, and pa-
tiently wait for an appropriate point in the 
evolution of the design process for their im-
plementation.   
 
Frank Lloyd Wright tried to clarify one of the 
primary lessons espoused by his mentor 
Louis Henry Sullivan, that "form ever follows 
function" as it is still misunderstood by the 
majority of the professional and lay public.  
Wright clarified that "form and function 
should be one, joined in a spiritual union".  
This speaks to an understanding of the in-
ter-relationship between physics and meta-
physics in architectural space.  It is impor-
tant to further understand that the “function”, 
to which they both refer, is speaking about 
the passive or active verb engagement of 
the space, and not the banality of econom-
ics or industrial standardization.  Both of 
these Architects worked closely with crafts-
people to create unique and customized 
designs for their clients.  Sullivan’s intention 
was not that we should design based upon 
the geometry of a plywood sheet, 2x4, brick, 
or any symbolic nomenclature, but that we 
should harness the power in both the practi-
cal and phenomenological.  The function of 
the space must remain true to the intended 
use of the space at all cost, even if new 
methods of construction or calculation must 
be invented to satiate these needs. 
Process: Tools 
 
Today we could design using the zero-
volume of Non-uniform Rational B-splines 
[NuRBs] in digital space that can be fluidly 

 
 
Figure 4.1: Frame / Mass / Skin Language  
[Fredrick H. Zal, 2002.] 
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Figure 5.1: Wall of Amir [Atelier Z, 2002.] 
 

sculpted and later quantified with Building 
Information Modeling [BIM].  But, such 
technology still has a few limitations due to 
secondary interfaces and output devises, 
and is not readily available to all demo-
graphics.  As it is the mind and the design 
idea that needs to be forefront, and not the 
tool; I have been searching for other primi-
tive and humble design methods that share 
the same potential. 
 
Many have worked with a kit of parts ar-
ranged in Cartesian space.  But their pre-
dictable nature leads to a repetition of ex-
actly what we want to transcend.  The recti-
linear spaces, though seemingly provoca-
tive, were no more suited as space for work-
ing then they were for sitting, standing, 
sleeping, gazing, or running.  The process 
was predestined for failure with the given 
materials, and needed to find another tool 
with greater potential.  As a drop of ink on 
mylar can transform into anything that the 

author desires to render in two-dimensional 
media, we needed to devise an interactive 
three-dimensional form that would have the 
same degrees of freedom.  Building a de-
tailed digital topography for the Armadillo 
Zen House [2002], I was fascinated by how 
all complex forms were rationalized through 
a series of triangulated facets.  This concept 
of rendering organic form started with the 
study of Crystallography by Giovanni 
Struver in 1888, and was later brought to 
the fine arts by Michael Heizer’s “Chaotic 
Geometrics” in 1987.  The language of or-
ganic abstraction continues today in the 
work of Coop Himmelb[l]au and Daniel Lie-
beskind, amongst others.  While as the de-
signed forms are not geometrically pure, the 
design premise is both descriptive and con-
structible from standardized sheet goods.  It 
seems like a strong compromise between 
the logic needs of the left brain and the ho-
listic narrative of the right.   
 
To experiment with these ideas, hundreds 
of random-sized triangles are tossed upon 
the table.  Then, as the designer envisions a 
gestural response, pieces are quickly hot-
glued in place.  Like a wave breaking upon 
the ocean, a global form is envisioned.  
Each particle of water is pulled towards the 
force of the wave’s motion, but does not 
need to follow the geometry of the crest ex-
actly.  This form of modeling was a partial 
success, as the elements were able to de-
scribe the intended holistic narrative of the 
space without getting hung-up on precision 
of the parts.  The designs balanced be-
tween the vague and the specific to allow 
the mind to interpret perceptions laden with 
phenomena.  But, the balance was still a 
touch off, since these design iterations 
share a fractured and angular aesthetic; 
which was keeping with the misunderstand-
ing of Sullivan, but not the pure purpose of 
design.  The module of design was wrong 
and their geometrical bias caused them to 
be labeled critically. 
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Figure 7.1: Shade Catcher [Fredrick H. Zal, 2005.] 

Alvar Aalto would emphasize that to use 
any constructive module larger then one 
millimeter will cause us to limit the potential 
of our design.  This is because every unit of 

measurement or physical module has an 
implicit geometry and prescribed set of de-
fining conditions that engage the left side 

of the brain.  So that every time we start de-
signing with a quantitative system of  
measurement; whether it is the modular, 
golden section, cubit, ken , foot, or meter, 
we loose grasp of the pure intent of our de-
sign.  Therefore, we needed an element, 
which could geometrically describe point, 
line, plane and curve equally well.  We 
needed a physical version of a NuRB, 
something pure and without any associated 

labels.  Then one day, the simplest of things 
occurred to me.  A plane is defined by the 
intersection of a line with a point.  Hyperbola 
are described through a series of lines, 
much like the sculptures of Naum Gabo.  
And a line, when viewed from its end, trans-
forms into a point.  The solution therefore 
was to build out of pure lines.  To physically 
construct gestural line drawings full of raw 
energy! 

 
Figures 6.1, 6.2, + 6.3: Viellet Loft [Atelier Z, 1999.]
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Figures 8.1, 8.2 + 8.3: Analytiques [Leben, Elliott, and Medina, 2003.] 

This breakthrough has been extremely suc-
cessful!  Empathic stick vectors may be 
easily experimented with by building from 
toothpicks, straws, dowels, rebar, galva-
nized conduit, timber bamboo, pine 2x2’s, or 
any other linear element appropriate to the 
scale of the interactive modeling. 
 
The first professional application of these 
empathic stick vectors was the Jean-Pierre 
Viellet Artist Loft [1999].  This remodel of an 
industrial warehouse space into a mix of 
artist studio, fabrication shop and personal 
living space needed to have a clear demar-
cation between the differing uses.  A path of 
travel and light was determined, against 
which forces were exerted by the  
individual needs of the spaces.  These 
forces instigated the creation of a translu-
cent mediating skin of polycarbonate over 
metal frames that welcomed clients, show-
cased the artists’ aesthetic and filtered light 
and dust respectively. 
 
To increase my intuitive knowledge of the 
spaces created through this process, I have 
been sculpting temporary installations of 
empathic stick vectors at an occupiable hu-
man scale.  This has allowed me to experi-
ment with how the body may engage space 
and how such speculative spaces will be 
perceived in real life.  In the Summer of 

2005, the Shade Catcher was erected to 
challenge the preconceptions of how we 
interact with known spaces in our environ-
ment.  It was created upon the tabula rasa 
of the desert and focused upon how acts of 
cooking, resting, gazing and storing of ma-
terials may respectfully engage each other.  
Each discrete space was formed upon the 
minimal dimensions and kinematic require-
ments of the bodies that would inhabit it for 
just over one week.  Filters between public 
extroversion and privacy were enhanced 
through a series of diffusing elements and 
gestural forms.  The space was not only 
greatly appreciated by hundreds, but also 
demonstrated that great structural strength 
is possible through redundancy of low-tech 
slender elements. 
 
Design Intent: Translating 
 
To engage our understanding of personal 
body space into the larger context of urban 
or rural scale, it is instructive to create draw-
ings that interpret them into a visual lan-
guage we can discuss.  The process begins 
with looking at the external conditions of a 
site to be able to map, translate and derive 
contextual form from the physical and phe-
nomenological nature of the context into a 
shared language.  The site is considered a 
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Figures 9.1 + 9.2: para[SITE] [Fredrick H. Zal, 2005.] 

hybrid landscape, where both formal and 
phenomenological elements of the past, 
present and future are merged, putting forth 
a character that is simultaneously, both fa-
miliar and unfamiliar, vague and specific, 
qualitative and quantitative, etc.  By har-
nessing the physical and metaphysical 
power of these forces we can design space 
that resonates with the pure conditions of 
the human psyche, and therefore design 
with a language inherent to architectural 
space, which will enhance and maintain the 
psychological and cultural nature of our so-
ciety. 
 
This is a part of the process which is much 
more familiar to design pedagogies, since 
contrary to all other arts, the field of archi-
tecture has been primarily developing from 
the outside inwards for the last four hundred 
years in both academia and the profession.  
These external pressures are certainly quin-
tessential to the forces exerted upon a de-
sign, but they need to act symbiotically with 
those, which are coming from the internal 
experience and the sense of movement in, 
amongst and between the two. 
 
Process: Integrating 
 
An interwoven composite of the analytiques 
are then used as the impetus for the con-
struction of a three-dimensional site investi-
gation at varying scales of engagement with 

morphological layers that mediate between 
exterior and interior conditions. It is impor-
tant to balance the two vantage points of 
inside – outside with outside – inside into a 
symbiotic whole.  The figure / ground of 
context and design must work together 
harmoniously!  This physical speculation is 
hence constructed from the pure phenom-
ena and formalistic qualities that compose 
the nature of the site itself. 
 
A method that we have been employing is 
the creation of plan and section psycho-
graphic analytiques.  These figure-ground 
ink drawings represent metaphysical condi-
tions perceived by the mind, much like the 
dark ferrous shavings accumulated on 
Faraday’s clear sheets of glass.  The analy-
sis looks beyond simply the formal aspects 
of the site, and questions how other ele-
ments can be explored to construct and 
communicate the totality of our cerebral 
perception of the place.  The series of ana-
lytical plan gestures are inspired from a mul-
titude of potential elements, such as: public 
/ private layers, fear / tranquility, thresholds, 
transformations, day / night, sound, enclo-
sure, textures, natural / artificial light, use, 
solid / void, historic relativity, etc.  The me-
dium of ink drawings was selected due to 
the inherent freedom that ink has in applica-
tion by brush, pen, hand or air.  Plus, as ink 
has the potential of rendering very specific 
language, it is possible for a designer to ex-
periment with effectively translating qualita-
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Figure 10.1: Land|Form [Fredrick H. Zal, 2003.] 

tive phenomena into quantitative terms.  To 
communicate the third and fourth dimen-
sional relationships within the experience of 
place, the gestures incorporate varying 
lineweights, tones and figure-ground hierar-
chies.  Their intention is to capture emo-
tions, history or other sensations in as pure 
and gestural of a state as possible.  Repre-
sentation and analysis of an existing context 
in this form develops an awareness and un-
derstanding of the various elements that 
define the experience of a specific environ-
ment for both the designer and inhabitants. 
 
Design Intent: Intervening 
 
The city or countryside has rhythms and 
patterns that will beg to be followed.  Areas 
of entry, transition, occupation and egress 
will naturally occur.  Each space’s need for 
volume and direction will demand to be 
heard.  Linkages between the spaces will 
flow dependent upon their sequence.  The 
natural elements, topography and move-
ment will advise orientations and weaving of 
layers.  Just as Faraday’s metal shaving 
moved along the magnetic lines of force, 
architectural elements should naturally find 
a place along the phenomenological fields 
of force. 
 
Another installation in 2005, entitled 
para[SITE], was commissioned by the Ur-
ban Art Network to specifically engage how 
fire code defines movement from the interior 
space of their headquarters to the exterior 
City along a path of egress.  Without any 
threat to public safety, empathic stick vec-
tors hovered and flowed with the directional 
forces of tenants’ movements along the 

path and out to the surrounding context.  

The forgotten nature of their movement 
along this path of travel was reinterpreted to 
allow users to take pause and reflect upon 
their daily movements through time and 
space. 
 
Process: Mediating 
 
To create designs that are respectful of the 
pressures exerted by both interior / exterior 
conditions and needs or the transition from 
differing spaces along a path of travel, I 
have been working with the concept of a 
zone of zero-thickness that exists between 
the discrete conditions to form connective 
tissue.  This connective tissue I have 
termed “zero-space” in my Land|Form 
an.Architecture dialectic. 
 
By applying forces upon the surface of the 
zero-space skins and folding them into new 
forms that are derivative of the empathic 
and phenomenological needs of space; we 
begin to form the artifice, which we call ar-
chitecture.  The geomorphic terrain of the 
zero-space folds around the body and 
thicken as required to create a place to sit, 
lie, or stand.  The body’s needs carve aper-
tures from both within and without.  The 
body reaches out to exert pressure and cre-
ates surfaces that enhance their emotional 
and physical needs for inhabitation of this 
new space.  As the body moves through this 
evolving space, juxtapositions of positive 
and negative space are instigated that pro-
vide cadence for walking and climbing.  It is 
a holistic space still visceral and exciting; 
full of the kinematics of pure empathy. 
 
As multiple Land|Form spaces evolve 

around multiple bodies, complex dialogues 
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interlock these mediating zero-space skins 
like a complex puzzle.  The idea of these 
mediating Land|Form skins takes the con-
cept of poché, structural mass between 
spaces, activates it to a higher level by in-
terlocking not just the physical elements in 
plan and section, but also their narrative.  
This concept can be visualized as the acro-
batic tension between two capoeira dancers 
or viscous fluids rolling across each other, 
but never quite touching.  The sensuous 
nature of this interaction will become en-
twined in the final composition to enhance 
each unique space’s sensorial state upon 
the body, echoing throughout the spaces to 
foreshadow spatial sequences. 
 
As the applied forces continue to evolve, the 
skin itself becomes not just a mediator of 
inside / outside, but actual form, distinct 
from its previous non-dimensional relation.  
The mediating zone is neither inside nor 
outside, neither solid nor void; it is the zero-
space.  The empathic and phenomenologi-
cal qualities, which derived the forms, call 
out for specific material properties.  Differ-
entiation between opacity and translucence, 
the sound of hard against soft, tactility of 
smooth in relation to rough; these are the 
properties which allow us to define material 
constructions and detail their intersections. 
 
The deRidder Farmhouse has allowed this 
methodology to engage a project that is 
scheduled for construction in 2006.  Looking 
at the contextual tensions between occu-
pant needs, zoning code, topography, 
vague programmatic volumes and solar ori-
entation; a sculptural composition of vectors 
solidified into an appropriate form.  The de-
sign was further developed through exerting 
the internal forces from places to sleep, 
converse, create and circulate within the 

overall form.  Areas with gravitational con-
centration were solidified into masonry 
mass.  Gestures towards or to protect from 
the sun evolved into cantilevers of zinc.  
Juxtapositions of internal divisions allow for 
a balance between open communication 
and the needs for private personal space in 
a growing family. 
 
Design Intent: Rationalizing 
 
Building with lines is much like watching a 
spider construct a web.  The first lines are 

 
 
Figures 11.1 + 11.2: deRidder Farmhouse [Atelier Z, 
2004-2006.]
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Figure 12.2: Olympic Archery Training Range [Enric Miralles + Carme Pinós, 1990.] 

parasitic, as they latch onto the surrounding 
context for structural support.  But, as the 
design grows and begins to find a balance 
between the interior and exterior forces 
shaping it, non-essential elements may be 
removed or clipped so that only the essen-
tial connections with the context remain.  
This redundancy of elements allows for no 
single element to bear the structural weight 
of the entire composition.  There are no 
given load paths, primary members or mate-
rial definitions; so the design remains pure, 
informal and open to interpretation.  The 
important focus is actually not even the vec-
tors themselves, but the nodes of intersec-
tion that like a hologram may work together 
to describe an infinite number of design op-
tions. 
 
Cecil Balmond has been working with the 
concepts of: scatter, cloud, and zone in con-
trast to grid, axis, or line as a new language 
for design rationalization.  The belief is that 
each design, no matter how seemingly cha-
otic, has its own internal rhythms and pat-
terns, much like the politics of a complex 
urban culture.  Working with this intrinsic 
pattern allows the design intentions to flour-
ish into a rationalized beauty that is pure.  
This is the new form of architecture that le-
Corbusier had called for with “Vers une ar-
chitecture” in 1923.  Structure, skin and 
space integrated to form a beautiful and 
logical whole. 
 
 
Process: Constructing 
 
This informal language can be seen in many 
contemporary projects.  Of particular note, 
and illustrative of this informal structural 
language are Villa dall'Ava [1991] by Rem 
Koolhaas in St Cloud, Paris, France and the 
Olympic Archery Training Range [1990] by 
Enric Miralles and Carme Pinós in Barce-

lona, Spain.  Both projects endeavor to cre-
ate a sense of lightness and hovering by 
having a redundancy of slender members 
that support their physical and psychological 
loads in tandem.  No single member is pre-
dominant and could easily be removed or 
translated through space to have a different 
orientation for a greater perceptual impact.  
The mind is forced to accept the composi-
tion of space in its totality, and cannot parse 
it down into predetermined static systems. 
 
The Villa dall'Ava makes use of a series of 
slender columns to hold-up the second 
apartment on the southwest corner of its 
composition.  Making use of perspectival 

 
Figure 12.1: Villa dall'Ava [Office of Metropolitan 
Architecture, Rem Koolhaas, 1991.] 
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parallax, Rem Koolhaas purposely obscured 
the ability for the mind to define the struc-
tural system in ‘civilized’ terms.  Albeit a 
simple trick of Gestalt psychology that 
abuses the left-brain’s logic center, this al-
lows the mind to enjoy the composition in a 
more organic manner, like a grove of bam-
boo holding up a massive canopy of leaves 
or as the legs of a giraffe that lend to its 
grace.  By freeing the effects of structural 
preconception to create a seeming percep-
tion of anti-gravity, the project effectively 
employs the concepts within leCorbusier’s 
“five points”. 
 
The Olympic Archery Training Range de-
signed for the Barcelona Olympics employ a 
similar strategy.  The inspiration for the de-
sign was the trajectories created by the raw 
force of an archer’s arrows interacting with 
the turbulent flow of air through space.  The 
roof, a series of opposing planes, creates a 
sense of fluid undulation skewered by aper-
tures of light to the locker rooms below.  
Then an assortment of simple shafts are 
cast into the sand as dropped from an 
archer’s sheath, and gracefully support the 
flow of the roof above.  Again it is this seem-
ingly ‘random’ nature of the supportive col-
umns that obfuscate their structural nature 
and allow the roof above to maintain its 
sense of airborne freedom.  But in reality, it 
is precisely the seemingly random angles of 
the columns that allows for a most efficient 
transfer of loads in a relatively perpendicular 
direction from the ever-changing roof ge-
ometry down to the ground. 
 
In both examples, the array of elements 
conjures empathic fields of force vectors 
that we can feel with our mind and body.  
Through photographic representation, the 
array can be input as vectors along two-
force elements into a digital model, or ana-
lyzed using graphic statics and free-body 
diagrams.  These methods of analysis take 
a form, which is pure in its design intent, 
determines the direction and quantity of 
load paths so that one can assign structural 
properties to them.  Tensile elements can 
be replaced with cables to create tensegral 

clouds, planar nodes can be consolidated 
into shear panel skins, and consolidated 
compressive elements can be molded to 
create a minimal section modulus or allow 
for the transfer of moment. 
 
Validating and Reiteration 
 
Before ‘finalizing’ the design, one should 
review the original design requirements of 
site, program, emotions, budget, etc.  Are 
the physical, psychological and capital re-
quirements met?  May the design solution 
have a refined palette of systems that elo-
quently address the problem efficiently and 
effectively?  The term ‘efficiency’ is complex 
and should not be defined only by the eco-
nomic use of members or sheets of required 
calculation, but by ease of meeting design 
intentions.  If done intelligently, this not only 
efficiently responds to the flow of forces 
through it, but also communicates an intui-
tive structural language of materials and 
space that has life-cycle benefits. 
 
Through reiteration of the process, one may 
ensure that all of the qualitative stimuli now 
embodied in a quantifiable form are still ad-
hering to the originally intended design sen-
sations.  It can be painful to scrap a design, 
start over, or feel like one is going ‘back-
wards’ in the process.  But, to repeat the 
process after working through it one or more 
times, the designer has a greater under-
standing of the pathways.  They can avoid 
pitfalls, preconceptions, or other earlier er-
rors to create something stronger.  As no 
problem has an unique solution, reiteration 
will remove the egotistical fetishization of a 
singular solution, style or artifact and place 
it amongst the multitude of possibilities from 
a diversity of cultural and sociological per-
spectives. 
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Conclusion 
 
This drawing, modeling and calculation 
process has infused my academic and  pro-
fessional career with a raw energy that I 
highly recommend.  Collaborations with stu-
dents, performance artists, and consulting 
engineers remain fluid while simultaneously 
 
 

 
  
focused upon both ‘reality’ and the true em-
pathic intent of professional design work. 
 
I look forward to continuing a dialogue about 
this process as you experiment with ways to 
apply it within your established or evolving 
curricula and professional practices. 
 

 
 
 
Fredrick H. Zal, NCARB, is a sculptor and the principal architect of Atelier Z: an.architecture and industrial design 
studio, which advocates dialogue in the fine + applied arts.  By striking a balance between praxis and theoros, Atelier 
Z passionately engages works with a focus upon theoretical morphology, materiality and empathy theory.  As a pro-
fessor of design and active practitioner, Fredrick’s work is published, exhibited and lectured upon nationally. 
Website: http://www.fhzal.com E-mail: fzal@fhzal.com  Phone: 503.236.4855
 
 
 
Figures: 
Figure 1.1: Empathy [Fredrick H. Zal, 2006.]  These 
images show a base series of spatial conditions: void, 
plane, concavity, and enclosure.  Imagine yourself 
there and vicariously experience what it would feel 
like in each of these spaces. 
 
Figure 2.1: Magnetic Phenomena [Michael Faraday, 
1831.]  Reference: Friedel, Robert D. “Lines and 
Waves Exhibition”, Institute of Electrical and Electron-
ics Engineers History Center, 1981. 
 
Figure 3.1: Honme Dwelling [Atelier Z, 2004.]  The 
unfolding form of this dwelling is based upon a series 
of incredible discussions between the client and archi-
tect about space, form, sociology, aesthetics, the deli-
cate warm light found in the film “La Double Vie de 
Véronique” by Krzysztof Kieslowski, the morphologi-
cal systems of 1850’s crystallography by Struver, 
concepts of materiality as it pertains to both contem-
porary Japanese minimalism and also Ned Ludd’s 
theories of a luddite society experienced in the films 
“Brazil”, “12 Monkeys”, “City of Lost Children”, and 
“Matrix”.  The pre-fabricated shards are being con-
structed of Structural Insulated Panels [SIPs] and clad 
with riveted zinc by Blazer Industries inc. 
 
Figure 4.1: Frame / Mass / Skin Language  [Fredrick 
H. Zal, 2002.]  The phonetics here are based upon 
the conceptual design work of Bernard Tschumi's 
"Decomposition of Cube" and "Recombination".  His 
studies led to a matrix of the potential permutations of 
recombined platonic forms.  These additive forms 
subsequently defined the constructed designs for the  
 
 

 
 
 
 
follies at the Parc de la Villette. The lineage of this 
work can also be seen in the Stockholm Exhibition 
[1930].  Original Publication: Zal, Fredrick H., ACSA  
West Proceedings: Imagined Realms | Remaking 
Worlds  "Gestalt of deFamiliarized Urbanism", No-
vember 2002, p.257-262. 
 
Figure 5.1: Wall of Amir [Atelier Z, 2002.] This re-
model of a historic school house room at Portland 
State University sprang from the architectural theory 
taught by the faculty. It is a physical manifestation of 
the phenomenological rhetoric that guides the stu-
dents' pedagogy.  The single office was divided into 
two. The first being a solid mass of fractured dark-
ness, and the other being transcendental and com-
posed by a simple plane of light and text.  The shared 
entry area allows for a student conference table with a 
light fixture cantilevering out as a fractured shard from 
the mass beyond. 
 
Figures 6.1, 6.2, + 6.3: Viellet Loft [Atelier Z, 1999.]  
This S.E. Portland loft is designed to be both the 
home for two independent designers and as their of-
fice / shop. The WWII era poured-in-place concrete 
building currently houses an automotive racing engine 
shop, and overlooks the Brooklyn rail yards. The de-
signed fractured translucent wall filters light from  
 
the uninsulated south-facing windows as it transi-
tioned into the wood / metal shop. The entry space 
dramatically cascade into their office / living space. 
The design not only creates an incredible space for 
living, it also creates a venue to exhibit their skilled 
craftmenship and design.  The images depicted show 
the evolution from an original gestural plan sketch, 
through empathic stick forming, to the rationalization 
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into a framework of metal studs clad in 3/8-inch trans-
lucent double-wall Polygal polycarbonate sheet. 
 
Figures 7.1: Shade Catcher [Fredrick H. Zal, 2005.]  
With temperatures pushing over 120ºF on the desert 
floor of Gerlach, Nevada, survival requires a place to 
catch shade and rest.  Weaving around a series of 
static elements, this sculptural space was created 
using fifty bamboo stalks.  To create the strength 
needed to withstand gusting winds and dust storms, 
they were lashed together and triangulated, with an 
element of redundancy.  This redundancy not only 
provided stiffness, but it also allows for very small 
members to support great weight in a mysterious 
manner that the mind cannot easily track.  At the end 
of the 8-day event, all elements were burnt; so as to 
allow the entropic nature of creation to come full-
circle.  The image shows the embodied construction 
of empathic forces for cooking, eating, storing, resting 
and gazing. 
 
Figures 8.1, 8.2 + 8.3: Analytiques [Erin Leben, Alli-
son Elliott and Carlos Medina, Portland State Univer-
sity, Architecture Design Studio 281: “Design Funda-
mentals Studio II, Place Response”, 2003.]  These 
student analytiques of 'isolation', 'fear', 'order', etc. 
became the impetus for construction of expressive 
three-dimensional designs inspired by the formal 
characteristics and less tangible phenomena experi-
enced in an actual cultural context. 
 
Figures 9.1 + 9.2: para[SITE] [Fredrick H. Zal, 2005.]  
This spatial installation is based upon a long and 
complex history of sculptural and architectural para-
sitic / symbiotic works that respond specifically to their 
environment. The intention of this piece was to work 
within the building and fire-safety allowance for con-
temporary architectural space, while allowing for a 
freedom of design often ameliorated by lethargic and 
standardized practices. By enveloping the spaces of 
this egress staircase and ADA ramp, while still allow-
ing for legal clearance requirements, the occupants of 
this building were able to perceive a space, which 
they pass through daily, in a new manner.  Many ten-
ants appreciated the intervention, as it gave them 
pause to reflect upon the inherent possibilities in the 
everyday object and/or spaces around us. Pictured is 
local architect Richard Potestio after leaving a long 
day at the office.  The installation was commissioned 
by Peyto Yellin and Jennifer Kapnek of the Urban Art 
Network and existing only momentarily; for three 
hours.  The work was 43-feet by 22-feet by 16-feet tall 
and composed of 100 sticks of 3/4-inch galvanized 
EMT conduit, typically used by electrical contractors.  
All of my empathic vector installation sculptures have 
always been 'recycled' to the full physical and theo-
retical extent of entropic design.  I have been fasci-
nated for years by found objects, detritus, spent ele-

ments of our post-industrial culture; as these objects 
have an embodied narrative in them.  They were nib-
bled upon, hewn, welded, pounded, ridden, tossed 
about, or just left idle in a corner for decades.  They 
have stories within their molecular structure that they 
long to share.  Embodied wisdom in the potent mate-
rial enters the sculptural dialogue to inform its future 
artistic incarnation.  Then, going beyond the "post 
consumer waste" in dumpsters, salvage yards and rail 
lines, these sculptures embody the concept of "pre-
consumer waste-not".  This is when prior to an ele-
ment being used in it's pre-conceived consumerist 
manner; be it clothes hanger rod, wood 2x2, electrical 
conduit, etc; it is given a subterfuge life.  They are like 
a Goth diva having to pull herself into work at the 
crack of dawn to sit in a banal cubicle, but she can 
smile wryly knowing of the vampish secrets still whis-
pering in her mind from the night prior. 
 
Figure 10.1: Land|Form [Fredrick H. Zal, 2003.]  
Imagine a line that mediates between the Earth and 
the Sky.  As this is a dimensional situation, the line 
transforms into a zero-plane, a skin of no thickness 
that is draped between the undulations of the 
Earth/Sky, stretching out beyond the quantification of 
our perceived horizon.  It is quintessential to my phi-
losophy that anything we create is merely a modifica-
tion of this relationship, and not a purely creative act; 
similar to the geotectonic forces that from time to time 
shall swell up and spew stone up towards the heav-
ens; leaving chasms into its belly.  We do not create 
space, we only transform relationships between mat-
ter and air for the purposes of our emotive intents.  
Original Publication: Zal, Fredrick H., NCBD 19 Pro-
ceedings: "Land|Form an.Architecture", April 2003. 
 
Figures 11.1 + 11.2: deRidder Farmhouse [Atelier Z, 
2004-2006.]  The inspiration for this beautiful home 
comes from the original Peterkort barn, which is now 
the clients' home.  The Peterkort farm has been di-
vided up over the last few decades to become what is 
now known as Beaverton, Oregon.  Over the years, 
the building has had a number of lives: barn, school 
house, labrador kennels, etc.  With each segment of 
time, the structure has grown, shrunk, been sliced, 
adapted and tweaked to the specific needs of the 
owners.  The deRidders have paid close attention to 
this historic narrative implicit to the Cedar Mills area, 
and are looking forward to finely crafting their new 
home with traditional labor and materials. 
 
Figure 12.1: Villa dall'Ava [Office for Metropolitan 
Architecture, Rem Koolhaas, 1991.] Photography: 
Hans Werlemann. 
 
Figure 12.2: Olympic Archery Training Range [Enric 
Miralles + Carme Pinós, 1990.]
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