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Concurrent with the grand challenges of urbaniza-
tion, globalization and sustainability, the Architec-
ture, Engineering and Construction (AEC) industry
is experiencing a technological revolution. The pres-
sure to create higher quality, lower cost, lower envi-
ronmental impact buildings in an increasingly com-
petitive market is driving the building industry to
explore alternate modes of designing and delivering
buildings. Building Information Modeling (BIM), In-
tegrated Project Delivery (IPD) and Design Build are
current practice innovations working towards these
goals. Practice appears to be leading academia in
driving innovation and integration in the AEC indus-
try. Given the changing needs of industry and the
pressing economic and environmental challenges a
critical re-evaluation of education of building indus-
try professionals and of academic research agendas
is essential to advance design and construction pro-
cess. Taking advantage of the fact that the Depart-
ments of Architecture and Construction Management
reside within the same college at the University of
Washington, a new studio based course, integrating
architecture, construction management and engi-
neering students was developed in 2008.

INTRODUCTION

The architectural studio is rarely questioned as the
model for delivering the knowledge and skill nec-

essary to integrate the complex aesthetic, techni-
cal and social concerns of architecture. Other dis-
ciplines are recognizing and modeling studio-based
teaching (Kuhn, 2001). Students are expected to
demonstrate technical competence within the stu-
dio (NAAB, 2009) yet the challenge of integrating
disciplines remains a challenge (Boyer and Mitang,
1996). Most architecture programs have adapted
studios to satisfy the ‘comprehensive design’ re-
quirements of accreditation. The authors have found
time constraints of schedules and student knowl-
edge to be significant barriers to enable technically
rigorous and architecturally sophisticated ‘compre-
hensive’ solutions. Building technology subjects
such as structures, energy performance and materi-
als and methods of construction are most commonly
taught as distinct architectural topics rarely directly
linked to the design studio or design process and
subjects such as cost estimating and construction
scheduling are not typically covered in much detail.
While synthesis is expected to happen in the studio
(Smith, 2011) the increasing demands for more so-
phisticated design integration within both practice
and academia drives the need to explore alternate
methods of delivering architectural education and
challenge studio structure, content and methods.

In contrast to the deep synthesis of the design stu-
dios, many lecture-based construction and engi-
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neering education paradigms foster tenuous decon-
textualized knowledge. Construction engineering
and management students experience fragmented
and specialized courses where concepts are pre-
sented as independent and unrelated entities di-
vorced from the complexities of real-world situa-
tions and problems (Chinowsky and Vanegas, 1996;
Fruchter, 1997). McCabe et al. (2000) argue that
much of the civil engineering coursework teaches
only theories of engineering and construction and
that students may encounter difficulties when ap-
plying these theoretical constructs to real world sit-
uations. Sawhney et al. (2001) maintain that many
civil and construction engineering curricula do not
allow the inclusion of issues of importance to indus-
try, the participation of practitioners, or hands-on
experience. Brown et al. (1989) describe students
who recall information on a test as not being able
to apply the very same concepts in the problem-
based environment even when the situation clearly
merits such an action. Separating the learner from
the relevant context can cause knowledge itself to
become ineffectual due to absence of the natural
complexity of content; this in turn creates the an-
cillary effect of stifling creativity and diminishing
enthusiasm among students (Barab et al., 2001).

Consequently, our challenges are both local and
global in scale. Individual students need to exer-
cise and develop the skills required to work effec-
tively and productively in a rapidly evolving world
of design and project delivery. In programs of Ar-
chitecture, Engineering and Construction, we seek
to develop the technical skills, design awareness,
ordering principles, and construction management
knowledge that will launch our students into suc-
cessful and fulfilling careers. In curriculum that sup-
ports an Integrated Practice, Integrated Project De-
livery, or Design Build approach to these challenges,
the teaching and learning goals are multifaceted:

e Explore how technology and collaboration sup-
port sustainable design and construction;

e Develop strategies and techniques for balanc-
ing tradeoffs between design intent and techni-
cal constraints;

e Explore the use of location, form, and materi-
als, to promote an architecture well adapted to
the conditions of the environment;

e Investigate building and construction practices
that minimize environmental impact and pro-
mote and express principles of environmental
sustainability and;

e Communicate and collaborate effectively in a
multi-disciplinary team-based decision making
process.

To address the challenges of fragmented curricu-
lum, as well as the learning goals listed above,
faculty in the Departments of Construction Man-
agement and Architecture in the College of Built
Environments have developed a design studio-
based course, the Integrated Design Build Studio,
which gathers together these elements. This is a
course where interdisciplinary student teams exer-
cise these skills through the delivery of design and
construction proposals for real and highly relevant
local projects. This studio course, designed as the
capstone course in the 5th year of the dual Archi-
tecture/Construction Management degree program
in the College, is also offered to other majors in
the College as well as students in the College of
Engineering. The course meets three afternoons
per week for four hours each day. Students are or-
ganized in teams ranging in size from 3 to 8 (de-
pending upon the term) and are assigned a “col-
laboration suite” where they set-up an “office” and
can work during and outside of studio hours. The
course has been taught three times since 2009,
and will be offered for a fourth time in winter 2012.

INTEGRATED DESIGN BUILD STUDIO

Architecture studios are traditionally problem-
based classes in which students synthesize, develop
and expand upon their newly acquired knowledge
from the support curriculum. Here we modify the
traditional studio to focus on collaboration across
the traditionally silo-ed disciplines of architecture,
engineering and construction. The course is struc-
tured on a practice model where faculty provide
‘principal’ level support and identify ‘consultants’
on an as needed basis. Differing from convention-
al studios there are not daily ‘desk crits’ but rather
open consultations as needed for both individuals
and teams. In this modified form, the pedagogy
of this design/build studio rests firmly on a “three-
legged stool” of intention, technology and method-
ology, namely: sustainability, building information
modeling, and collaboration.
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The concept of this studio is to explore Integrated
Project Delivery. Given the authors’ academic af-
filiations, there is an emphasis on the intersection
of architectural design and construction in this cur-
riculum; however, students from civil engineering
and landscape architecture have also participated
in the class and we are exploring how to integrate
with other senior ‘capstone’ projects. All authors
have engineering backgrounds and industry guests
were architects, engineers and builders, so that at-
tention to all three disciplines—Architecture, Engi-
neering and Construction—are both balanced and
integrated. To this end, the studio focuses as much
on the collaboration across disciplines as it does on
the products produced.

Building Information Modeling (BIM) and other
computational tools are integrated into the studio
curriculum. In initial offerings all students received
introductory instruction in Revit, Navisworks, and
Ecotect. In later offerings we leveraged existing
student knowledge and held targeted workshops
to strengthen skills based on student needs. Each
team develops a design, a conceptual cost estimate
and a construction plan and schedule. Depending
upon the quarter students additionally performed
comprehensive energy analysis, building life cycle
assessments and/or developed a target cost model
that was tracked throughout the design process.
This studio builds upon the technical skills, design
awareness, ordering principles, and construction
management knowledge developed in previous
coursework and/or design studios.

Sustainabilty

The design problems are developed from local
projects with ambitious targets for resource effi-
ciency, performance, environmental health and hu-
man satisfaction. Students have worked within the
framework of the Living Building Challenge™ or The
2030 Challenge to develop high performance build-
ing designs. Students are expected to develop cli-
mate responsive design proposals and demonstrate
the potential of reducing their energy demands us-
ing expertise gained in previous courses. Last year,
students were expected to develop a comprehensive
life cycle analysis integrating embodied and opera-
tional energy impacts (see fig 1). Imposing criteria
of a budget, a construction schedule, and high levels
of building performance provides a compelling chal-
lenge, testing student’s design imaginations against
the demands of a competitive, risk-averse industry.

Teamwork is designed to be fluid, allowing mem-
bers to take on various disciplinary roles over the
term (e.g. structures, mechanical systems, archi-
tectural design). Over the 10-week course team
members participate in various workshops to learn
both concepts and applications, and work out de-
sign problems in technical “huddles,” often with
an instructor or guest (professional) “consultant.”
Students who specialized in analysis might attend
a workshop while their teammates develop the de-
sign and work on other aspects of the project, just
as they might in a professional team.
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Figure 1. Life Cycle Assessment Summary 2011 Team:
O. Keith, J. Marsan, E. Wang and C. Appling

Reducing building energy use has been central to
these projects. Consequently, analysis methods to



REACHING FOR SUSTAINABILITY USING TECHNOLOGY AND TEAMWORK 427

predict building performance have been a particu-
lar focus. Tools appropriate to the scale and com-
plexity of the projects are introduced and then ap-
plied to the project. In the first year students were
coached in Ecotect to create energy models of their
buildings. The second year students used analytical
methods to predict the energy use intensity (EUI) of
their buildings and physical models to explore both
solar control and day lighting. In the third year stu-
dents used the Energy Star Target Finder to establish
energy performance goals and published prescrip-
tive guidelines to meet energy reduction targets for
the building type selected. These different methods
have provided framework adequate to integrate en-
ergy performance and architectural design into the
team discussions and project solutions.

BIM

The second leg of the stool is Building Information
Modeling (BIM). The instruction with BIM takes two
forms: the software, and working collaboratively
with the software. Teaching software is relative-
ly straightforward: it is taught in tutorials and it
requires technical support for detailed questions.
Teaching collaboration is more challenging and is
deeply interwoven with other interdisciplinary col-
laboration issues. We discuss working collabora-
tively in the next section of the paper.

The inclusion of BIM in this studio is both dynam-
ic and challenging. The students arrive with di-
verse baseline knowledge of BIM tools. Some stu-
dents have taken courses where Sketchup, Revit
or Navisworks were used while others have never
been exposed to them before. To address this dis-
parity, for the first two years we offered a 2-day
Revit workshop. In the third year we eliminated
the introductory workshops. Later in the quarter,
when the teams are starting to think about con-
solidated models and construction schedules, we
review Navisworks tools for presentation, clash de-
tection and 4-D modelling.

Some students take on more 3D modelling roles,
while others take on Navisworks roles. Some stu-
dents focus on other research, design and analy-
sis tasks. No matter what their level, students
learn from each other and soon exceed the faculty’s
knowledge of the programs’ functionality. This poses
a challenge for those looking to teach with technol-
ogy—we as university professors are not everyday
users of BIM tools and do not have the tips and tricks

at our fingertips. To address this issue, we need to
tap into diverse resources to link students to tech-
nical support that facilitates their technical profi-
ciency. We have found however, that students in the
studio environment support each other’s learning.
Eliminating the introductory workshop did not sig-
nificantly change student outcomes and appears to
have empowered students to learn independently.

The exciting result of integrating technology in this
way is that the students apply their skills in the con-
text of the problems they are working on. Students
commented at the end of the studio that this was
the only way to really learn BIM—to use it. Further-
more, when asked what BIM meant to their studio
experience, one architecture student said that he
couldn’t just draw an abstract idea about the de-
sign, but that he had to model the “real thing” be-
cause these guys, (pointing to the students sitting
next to him), need to get accurate material quantity
take offs for the estimate. BIM made the connec-
tion between the disciplines explicit for the students.
Through the process of creating a BIM together, the
students uncovered for themselves the connection
between the abstract ideas of the design and the
realities of putting the building together.

Collaboration

Many have found that technical proficiency needs
to be coupled with collaboration strategies to
fulfil the promise of BIM technologies (Eastman,
Teicholz, Sacks, & Liston, 2008; Smith & Tardif,
2009. When asked about a recent IPD/BIM project,
an owner representative said in an interview that,
“we chose the people who we knew we could work
with.” In the educational context, interdisciplinary
collaboration not only challenges students to think
outside of their newly acquired domain lens, but
also gives them contextual exposure to develop the
professional collaboration skills. In this studio, we
seek to create teams where students synthesize
their disciplinary learning by challenging them to
work with colleagues from other disciplines. In the
context of the “team” they understand very vividly
their role as the designer, engineer or builder and
what each discipline contributes to the “team’s”
development of the final project.

To accomplish the task of designing and virtually
building a project, the individuals on the teams
took on a variety of roles, some related directly to
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their disciplines such as conceptual and technical
design and analysis, and other roles relating more
to the process, organization and management of
the project. We encouraged the team members
to be open to the evolution of these roles as the
team’s work progressed. We sought to avoid the
“divide and concur” mentality and reinforced the
idea that although they may have taken a lead in
particular areas, this does not mean that they did
all of the work related to that role; we encouraged
everyone to participate in all aspects of the project
and work together to discover and explore the
research, design and construction activities.

Within the design process, the sharing of respon-
sibility depended most upon team dynamics and
the temperament of individuals. Engineering and
construction management students need effective
coaching by their architect peers to gain comfort
with the open ended and iterative process of de-
sign. Disciplinary confidence, comfort with un-
certainty and willingness to trust others were key
traits that successful teams demonstrated.
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Figure 2. Target Cost Data: Integrating cost from week
1. 2011 Team: M. Kim, Y. Kit, A. Mosen.

Sharing of responsibilities and integrating construc-
tion elements within the design process appears to
have had more to do with the course structure and
teaching effort. In the first two years construction
costs and schedules were often developed towards
the end of the conceptual design process and the
students were busy preparing for the deliverable
and did not have time to discuss and share infor-
mation. When it came down to the wire, they did
often retreat to their disciplines and roles to com-
plete the assignment. In the third year we devel-
oped curriculum to enable students to build ‘target

cost’ models (see fig. 2) at the early phases of de-
sign and required students to explore alternative
proposals weighting design, cost, environment and
time (see fig. 3 & fig 4.). These two exercises were
effective in encouraging iteration and integration of
architectural and engineering concerns.
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Although there was a tendency to focus on the project
development we did routinely make collaboration the
topic of conversation and a theme throughout. We
launched the studio with a collaboration workshop
where the team reviewed collaboration strategies
and developed an initial collaboration agreement.
As the work progressed and the teams formed, we
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discussed plans and the strategies in a group every
two weeks and students wrote in an individual col-
laboration diary. In the third year we developed an
online ‘survey’ to help prompt students to evaluate
particular issues and still provide a forum for direct
feedback to faculty. The faculty found that this in-
dividualized feedback was particularly critical as the
studio structure provides significantly less one-to-
one consultation than typical and students needed
additional avenues to give and receive feedback.

STUDENT WORK

For their mid-term and final deliverables, the stu-
dent teams developed design models, engineering
analysis, construction cost estimates and construc-
tion schedules. In contrast to a traditional architec-
tural design studio where individuals spend most of
the term exploring formal and conceptual issues,
these design teams had less time to linger in the
concept and form-making phase but had to com-
plete conceptual design quickly so that they could

develop the structural, mechanical and envelope
design, cost estimates and construction schedules.
Closer to what is typical in professional practice;
concept formation occupies a relatively small por-
tion of the overall design effort.

Within this modified and accelerated studio model,
the students’ design and construction proposals
achieved a high degree of resolution including the
development of major assemblies, selection of ma-
terials, development of the building envelope, in-
tegration of structural and environmental systems,
preliminary cost estimates, construction schedules,
3D and 4D models.

For the first studio, the program for the design
explorations was a mixed-use building of approxi-
mately 45,000 s.f. This was an actual project in
the early stages of pre-design for a local non-profit
organization whose mission is to safeguard the
natural environment by promoting responsible hu-
man activities and sustainable communities. The
Foundation intends this mixed-use building to meet

Figure 5. Studio Design Proposals: Strong concepts helped teams develop more successful design resolution.
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the International Living Building Institute’s Living
Building Challenge.

The second studio was part of a partially funded
research project to design, build and monitor a net-
zero energy, high performance re-locatable class-
room. In addition to the detailed design of this
classroom, teams were to design and locate this
classroom as part of a Renewable Energy Learn-
ing Center for a local park, a project under consid-
eration by the local utility. Design proposals were
required to include landscape design and infra-
structure, renovation and re-purposing of existing
structures, new outdoor structures, and a high per-
formance modular classroom.

The third studio was integrated into a larger college
sponsored research effort exploring opportunities to
link improved access to rural health care and ur-
ban disaster resilience. Students designed a stand-
alone medical clinic integrated with a mobile emer-
gency room. Student teams were asked to explore
different construction delivery methods (including
site built, modular and panellized systems) in order
to look for opportunities to reduce construction time
and cost and critically evaluate the impact of system
selection on design resolution.

Visiting professional engineers, estimators and
contractors who provided real work feedback to
their designs, cost estimates and construction
schedules, supported the students’ work. The in-
tegrated teams were able to anticipate reviewers’
comments and criticism based on these consulta-
tions. In their mid-term and final presentations,
they presented the basis for their design and con-
struction decisions, which were often multifaceted
and incorporated architectural design, engineering
analysis and construction planning elements.

LESSONS LEARNED: AN EVOLVING
CURRICULUM

The challenges of this studio are multidimensional.
Synthesizing three disciplines of knowledge - Ar-
chitecture, Engineering and Construction - while
challenging the students with solving a complex
real-world design problem using state of the art
tools and exploring emerging work processes is
a daunting task. The collaboration process is the
“vessel” into which we throw everything else: tech-
nology tools vs. skills; professional/cultural differ-
ences; work processes (design vs. analysis; team

vs. individual). The friction that inevitably comes
from throwing all of these factors into this vessel
is where a lot of the learning takes place. In our
experience, the technical challenges are relatively
more straightforward than those characterized by
the interdisciplinary collaboration and teamwork
of the course. While the objectives of leading to
sustainability through collaboration and technical
integration remain unchanged, the structure and
character of the curriculum continues to evolve.

Effective Collaboration Requires a Focus on
Team Dynamics

There are fundamental differences in culture and
expectation of students from the different dis-
ciplines as well as different types and levels of
knowledge across the teams, and differences in
awareness, facilitation, and willingness to engage
with technology. Furthermore, the group dynamic
is very different for both the students as well as
the instructors who are accustomed to solo student
work and evaluation.

We've found that the dynamics of each team de-
velops in its own unique and organic way, perhaps
as a function of both the personalities of the play-
ers and their disciplinary skills. For example, in the
first year one of the teams’ work was characterized
as intensely collaborative, they would discuss most
of the decisions as a team; they often seemed to
be talked animatedly and laughing together. In-
dividuals or pairs would work on a problem and
present the alternative solutions to the group who
then would discuss the pros and cons of each and
how they integrate with the other aspects of the
project. Meanwhile, a second team was more indi-
vidualized. They often worked quietly during stu-
dio, with solo work being integrated electronically.
They did not seem to have as much discussion and
collective decision-making or support. Both teams
developed thoughtful and coordinated designs,
plans and construction schedules, but their team-
work was starkly different in character.

Collaboration was most effective when the teams
had at least two students with the confidence and
maturity to be effective leaders and inspire the rest
of the team through their dynamic interactions. Es-
tablishing effective teams was most effective when
faculty had previous knowledge of the majority of
students enrolling in the course.
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Collaboration Can Be Difficult to Evaluate

This is an advanced project-based class where the
students are expected to bring their own expertise
and experience to engage in the ways that they
find interesting, challenging and meaningful. The
learning value comes from being intentional about
reflecting and processing the lessons of the collab-
oration, trying to figure out what works best, what
strategies to employ, and how to resolve conflict
and navigate the messiness of integrated team-
work. This particular aspect of the studio posed
a challenge both in terms of individual feedback as
well as evaluation. Most of the evaluation in tra-
ditional engineering and construction management
departments is based on the student’s work prod-
uct; consequently, some of the students did not put
an emphasis on their reflections or the interaction
with their peers. For future courses we intend to
offer additional coaching to develop skills in com-
municating technical content, balancing leadership,
production and team communication and explain-
ing the importance of process.

Integration Requires Careful Pedagogical
Development

Students bring widely varying skills and baseline
knowledge to the course. Finding ways for each
team member to contribute to the enterprise is criti-
cal. A particular challenge has been finding ways for
the non-architecture students to contribute during
the early stage of concept design. Once there was
a project to take-apart, analyze and develop, most
students found something to work on, but before the
design took form the process of concept formation
and development was opaque for some. However,
in challenging the non-architecture students to par-
ticipate in conceptual design activities opened their
experience to this way of thinking and students re-
ported that this understanding was one of the major
benefits of the class.

Faculty continue to evaluate what tools and tech-
niques are best for integrating rigorous yet man-
ageable energy analysis into this fast paced project.
The integration of environmental life cycle assess-
ment provided a good platform to understand trade
offs between construction and operation impacts
and could be expanded to integrate with life cycle
cost analysis to provide additional overlap between
cost and environmental impact.

CONCLUSIONS

The development of the studio is integrated with the
research agendas of the lead faculty and is seen as
a research project in its own right. We are search-
ing for answers to questions such as: How should
we be teaching the next generation of professionals;
what opportunities do advanced technologies bring;
does the configuration of workspaces and visualiza-
tion tools impact results; and how best to integrate
environmental performance modelling within early
design? We are challenged, in the messiness of the
collaboration, to keep a focus on what students are
learning from interdisciplinary work as well as what
they learn by applying their own disciplinary skills to
the problem at hand. We continue working to iden-
tify the best methods, tools and processes by which
to prepare students to lead future practice towards
a more sustainable, more efficient and more inspi-
rational built environment.
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