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Abstract

It is generally known that architectural practice relies heavily on the interactions between architects and other professionals.
However, during their formal education, most students attending architecture schools, and engineering schools for that mat-
ter, get very little (if any) exposure to decision making in conditions that involve expertise and/or worldviews beyond those
reflected and valued by their own discipline. In the past 10 years, a project-based learning initiative was developed between
the University of California, Berkeley, and Stanford University in an international context involving several other univer-
sities around the world. Throughout this experience, we have identified several issues that have shown to be crucial to these
interactions. This paper elaborates on three key issues: improvement of communication skills, empowerment through de-
veloping strategies of leadership, and recognition of own and others’ worldviews. We also make the case to include experi-
ential educational situations that can introduce these aspects into the academic curricula of architecture and engineering

schools.
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1. INTRODUCTION

Designing in architectural practice is essentially a social en-
deavor. To design and build an edifice requires communica-
tion and collaboration of people coming from different pro-
fessional backgrounds, and not always sharing similar goals
and/or worldviews (Cuff, 1992; Habraken, 2004).

Architectural and engineering education, however, have
not consistently addressed this issue. Architects and engi-
neers are usually socialized in academic environments where
they grow intellectually isolated into the specific subdisci-
plinary field of design, without interaction with other bodies
of knowledge from disciplines that can complement and im-
pact their world views and build an understanding of the com-
plexities of real-world projects.

In the case of architecture, the design studio culture has tra-
ditionally emphasized the value of the building as a final ob-
ject, a goal for students to achieve, most of the time minimiz-
ing and consistently overlooking the role that process and
social interaction play in shaping that object. In engineering,
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the problem-solving approach brought to the profession by
the educational methods of technical rationality, make these
professionals focus on problems in isolation of the social con-
texts in which these problems occur in real professional life
(Schon, 1983, 1987).

Limited approaches have been implemented to cope with
the disciplinary isolation and the need for developing team re-
lated skills. One of them has been the so-called dual degrees,
in which students get academically exposed to more than one
disciplinary field as part of the curriculum they have to fol-
low, that is, as in the case of architecture and civil engineering
dual degrees. However, these modalities have provided lim-
ited success in bridging the academic divide. Most of the
time, the curricula in these programs have courses from
both disciplines, that is, architecture and civil engineering.
Nevertheless, they are often developed as parallel curricular
tracks in which there is no interaction between the two pro-
grams and integration or systemic links between the knowl-
edge of the disciplines, leaving the bridging up to the interests
of either students or instructors.

In addition, professional associations, for example, licens-
ing boards, have pushed for agendas that require practical
training as a part of the educational process professionals
have to complete before their registration. An example of
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these initiatives is the Intern Development Program (IDP) de-
sign by the American Institute of Architects (AIA). In this
program, participants must record 5600 h of their work and
track it among 16 specific training areas. However, it has
been accused of being a program disconnected from both
academy and practice, and has been also criticized for becom-
ing a lengthy process.

In a study about the demographics of the architectural pro-
fession in the United States (AIA, 2005), more than two-
thirds of the respondents pointed out that they completed
the IDP in 4 years or less. However, 14% of the respondents
took 5 years to complete the IDP and 6% took more than 6
years to do so. This statistic can be significantly affected by
factors such as gender; nearly twice as many males as females
completed the IDP in less than 3 years and slightly more fe-
males than males did so in 4-6 years.

The present landscape clearly shows the need for establish-
ing fruitful interactions between education and practice in
building design, which have to be addressed creatively to
bridge the disciplinary domains of the numerous stakeholders
that participate in creating the built environment.

There are several experiences that had addressed the issue of
learning to practice and/or from the practice. In the architec-
tural design domain, William Mitchell pioneered courses in
which architectural students learned about collaborative design
by using digital tools. The Building Stories course at the Uni-
versity of California, Berkeley, in which architects, students,
and young professionals produce case study research about
professional practice in the San Francisco Bay area, is another
example in which students are confronted with the practice in
an academic environment. Both of these academic experi-
ences, however, mainly involve students of architecture.

One other program worth mentioning is the “Clinic” at the
Department of Engineering of Harvey Mudd College in Cali-
fornia, which has already been successfully run for decades.
This Clinic is a set of three-unit required courses for junior
and senior engineering majors, and it is the centerpiece of
the design and professional practice component of the engi-
neering curriculum. In it, students work in project teams of
four or five juniors and seniors, experiencing professional de-
sign and development projects for clients from industry, gov-
ernment, and the community (Clinic Handbook, 2006).

In this paper we introduce and discuss some relevant re-
sults regarding practice learning an academic setting, the pro-
ject-based learning—architecture /engineering /construction
(PBL-AEC) experience, in which the interactions between
education and practice in building design are simulated by
bringing together some of the typical participants found in
real building projects.

2. LEARNING HOW TO DESIGN: THE DESIGN
STUDIO EXPERIENCE

Design studios are probably the customary modality of edu-
cation across almost all architecture schools, not only in the
United States but also worldwide. This mostly homogeneous
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studio culture can be traced back to the educational model de-
veloped during the second half of the 19th century by the
Parisian Ecole des Beaux Arts. Many Americans graduated
from the Ecole, returned home, and brought back with them
the philosophies of Beaux Arts to the first schools in the
United States. Examples of these imports can be found in the
original curricula of MIT and Columbia University’s architec-
ture programs, in particular, the approach to the teaching of
architecture centered on the activities occurring in the design
studio (Cuff, 1992; Koch et al., 2003).

In a typical design studio, a group of students are assigned
to an instructor who provides mentorship. In most cases, this
studio instructor is an architect (practitioner or not). Work in
the design studios usually consists of problem solving in de-
sign situations, whereby the instructor provides the students
with the conditions of the problematic situation and scaffolds
their progress toward the resolution.

As the report produced by American Institute of Architec-
ture Students (AIAS) on design culture points out (Koch
et al., 2003),

The design studio lies at the core of architectural education.
In architecture schools, studio courses command the most
credit hours, the largest workloads, the most intensive time
commitment from educators and students, and supreme im-
portance. Studio courses are intended as the point of integra-
tion for all other coursework and educational experiences.

However, this aspect of “integration” rarely takes place in the
studio’s dynamic. Cuff (1992) points out that architecture
schools are places in which future architects learn not only
to solve design challenges, but also what design challenges
are about and what are reasonable resolutions to them.
Through their learning processes, students in architecture
schools learn that the object, that is, the product to be de-
signed, is of capital value and the design process is mainly
an individual operation in which clearly bounded design chal-
lenges have to be resolved in original /unique ways.

Cuff compares the emphasis architectural practice, educa-
tion, and professional societies allocate regarding the nature
of the problems they deal with, as shown in Table 1. Notice
that the values pertaining to each dimension for any given do-
main can vary significantly.

According to Akin (2002), there are three types of weak-
nesses in design instruction regarding how design operates
in the real world: motivational difficulties, insufficient in-
struction of the design process, and inefficiencies in learning.
Because of the traditional focus on the product-based prece-
dent in the design studio, Akin explains, students are often
provided with little or no instruction on the process of design.
For example, he points out that when analyzing design prece-
dents in studio projects (Akin, 2002),

[students] start by understanding its physical characteris-
tics and from there they move on to abstracting the concep-
tual aspects of the design. Nowhere in this picture is there
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Table 1. Comparative emphasis in design problems

Architecture Professional
Dimension Office Academy Society
Design In the balance Master value Balanced practice
Participants ~ Countless voices ~ Solo and duet Architect at the
helm
Dynamics Uncertainty Clarity Manageable
complexity
Product Predictable Unpredictable Predictable
building design services
Process Open ended, Open ended, Linear sequence
circular circular
Stakes Significant to Significanttoone  Significant to many

many

Adapted from Cuff (1992, p. 107).

any room for analysis of the process. Unless for some un-
usual reason the process is manifested in the overt physical
characteristics of the final design, such as in building fail-
ure cases, students are generally uninformed about the pro-
cess of design . . . In the situational model of instruction,
where the relevance of general design principles, or speci-
fic design solutions for that matter, hinge upon circum-
stance and chance, students are generally on their own to
devise the means to get to the desirable end.

This lack of attention to the process while designing in the stu-
dio setting, exacerbated by the exaltation of individuals’ crea-
tive work with little or no concern for the role other profession-
als or even peers play in actual design projects, ends by
distorting the view students have of what building design takes
in everyday practice (Thomas Fisher in Koch et al., 2003):

Most of us were taught in school to think of ourselves as
individualists and even encouraged to be iconoclasts.
One result of that individualism is that it has accustomed
us to think of ourselves as competitors, something more
characteristic of a trade than a profession.

In those rare cases where collaboration between students is
stimulated, it is usually constrained to the data collection
that precedes the design phase, in which collaboration with
other students is usually seen as something that hampers in-
dividuals’ best ideas (Koch et al., 2003).

Because of these insufficiencies of design studio instruc-
tion, many educators in architecture question this modality
as the unique way for learning what is required to become a
designer. As Habraken (2004) poses it,

In studio it is impossible to exercise distribution of design
responsibility, or to deal with the sharing of values and
qualities among designers, or to handle issues of change.
Studio can no longer be the only format for teaching de-
sign. Other ways must be invented.

https://doi.org/10.1017/50890060407000248 Published online by Cambridge University Press

221

3. THE PBL EXPERIENCE

Considering the particular characteristics of a building project
and the complexities involved in both the technical and the
creative fields, the endeavor of designing a building requires
the engagement of professionals coming from various knowl-
edge areas and expertise levels in different stages of the pro-
ject. As Cuff (1992) points out, these projects emerge from a
collective action, a fundamental aspect of designing the built
environment.

This aspect is seldom brought into the design studio educa-
tion. Students rarely experience that the development of a
building’s design necessarily implies collaboration among
the different stakeholders, and not only the work of an indi-
vidual mastermind. As Rittel (1965) points out, the different
actions, observations, and communications associated with
the design work cost money, and people’s net gain for coop-
eration is the difference between the value of the achieved so-
lution and the cost of the design activity. This net gain has to
be maximized by an adequate organization structure, and by
suitable rules for choosing the actions of the participants.

To challenge both the disciplinary isolation approach and
product-oriented education, in the context of technological
innovation, the PBL Lab at the Civil and Environmental En-
gineering Department of Stanford University and the Depart-
ment of Architecture at the University of California, Berkeley,
have taken the initiative to team up architecture, structural en-
gineering, and construction management students in a PBL
environment (Fruchter, 2004). Through this PBL students
participate in a learning experience that confronts them
with cross-disciplinary interactions designed to emulate those
taking place in the professional world.

The PBL experience is coordinated by Stanford Univer-
sity, and involves undergraduate and graduate students from
Stanford, University of California, Berkeley, Georgia Insti-
tute of Technology, University of Wisconsin, California
Polytechnic, San Luis Obispo, and University of Kansas in
the United States; Manchester University and Strathclyde
University in the United Kingdom; University of Ljibljana
in Ljibljana, Slovenia; Bauhaus University in Germany;
ETH Ziirich and FHA Aargau in Switzerland; TU Delft in
The Netherlands; KTH Stockholm and Chalmers University
in Sweden; and Aoyama Gakuin University in Tokyo and
Stanford Japan Center in Kyoto, Japan.

Teams of AEC management students work on a building
project using Internet-based communication technologies to
connect, collaborate, and interact in geographically distribu-
ted shared environments. Each AEC team has an owner repre-
sentative whose responsibility is to set the budget, program,
and context limitations as well as approve changes to the pro-
ject. In addition, each team has an existing site and a user pro-
gram for the building of approximately 30,000 ft>. The build-
ing type has been in all cases an educational facility for a
university campus. Faculty and practitioners supporting this
effort act as mentors, each of them representing one of the
three professional areas of expertise.
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Students are organized in AEC teams, whose members in-
teract remotely from their home universities in their countries
of origin, say the architect at Berkeley, the structural engineer
at Stanford, the construction manager at the TU Delft, and the
apprentice at the Stanford Japan Center in Tokyo. Typically,
students use wireless tablets or desktop computers. For three-
dimensional computer-aided design (3-D CAD) designing
tasks students use commercial applications such as CAD
tools (e.g., AutoCAD, 3D Studio Max, Form Z), simulation
tools (e.g., SAP2000, RISA), and costing and scheduling tools
(e.g., 4ADCAD, MS Project), as well as custom-designed col-
laboration technologies developed by the PBL Lab research
team (Fruchter, 2003; Fruchter et al., 2003). Students perform
the noncollocated communication tasks by using Instant
Messaging, NetMeeting exchanging voice, video, and appli-
cation sharing, in addition to sharing design, scheduling, and
project cost applications using Web project group workspa-
ces, and Web discussion forums.

4. WHAT IS LEARNED IN PBL?

Close to 100 team projects have been developed (at the time
this paper is published) in this context by AEC student teams
since the PBL-AEC course was established in 1993. The re-
search component of this course has tracked the interactions
produced by these teams, and produced several research pro-
jects ranging from the nature of the communicational issues to
the development of technology to facilitate collaborative
work (http: //pbl.stanford.edu).

Obviously the main issue addressed by the PBL experience
relates to collaboration. However, it is relevant to state a divi-
sion between collaboration and other terms frequently used in
describing practice of architecture. Doctors (2004) provides
an important distinction:

Collaboration is a cultural practice of two or more indi-
viduals working together on a task or project and is intrinsi-
cally a framework for the production, sharing, and con-
testation of knowledge . . . In architecture, the term is
increasingly employed in practice and literature—the spir-
ited discourse on networks and globalized practice of re-
cent years has done much to popularize the term—though
often used interchangeably and misleadingly with related
terms such as coordination (a process of organizing sets
of information into a cohesive whole), cooperation (an at-
titude about relationships), and communication (a mecha-
nism for the exchange of knowledge or information). The
use of the term in architecture tends to evidence little sub-
stantive consideration of its variable signification in the
history of the profession, from the utopian Ruskinian inter-
pretation of medieval-era trade guilds to its polemical chal-
lenge of the architect-hero paradigm.

There are many relevant aspects mentioned by the partici-
pants in the course regarding the several levels of learning
they achieve through the PBL class, such as the awareness
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and appreciation of others’ goals. However, and certainly con-
nected to the type of challenges students must face in the
class, a relevant amount of all aspects mentioned by them
directly relates to the role of communication issues in their
interaction.

5. REPORTING THE EXPERIENCE

The interactions studied for this paper have been part of the
PBL Lab at Stanford, an initiative and vision launched in re-
sponse to the need for imp roving and broadening engineer-
ing and architecture students’ competence toward the new
work settings in the professional practice of both architecture
and engineering (Fruchter, 1999).

At the end of each PBL generation, students are asked as
part of their final presentations to reflect on the evolution of
their team process and report on what they considered their
most important learning experiences in the context of the
course. This study examines 54 of these self-reports, focusing
on the communicational and interdisciplinary aspects pointed
out by the students as relevant to the experience had through
PBL. These self-reports were included in the final sets of M'S
PowerPoint slides for each team.

Based on the texts, we categorized the different reports and
we selected those aspects that were more frequently men-
tioned. These most mentioned aspects pointed to three key is-
sues faced during their interactions: group dynamics, commu-
nication, and disciplinary divisions.

5.1. Group dynamics

Within an organization—a collection of people collaborating
in a division of labor to achieve a common purpose—indi-
vidual members have to work as social instruments through
which combined efforts enable to accomplish more than
any one person could do alone (Shermerhorn et al., 1995).
The organization’s behavior and its success as a group are in-
timately intertwined with the way in which they choose or are
imposed by someone to operate. As one PBL team poses it, in
a building project “changes should occur collaboratively.”

However, the structure of an organization can be shaped in
several different ways. As Rittel (1965) points out, there are
multiple alternatives, and it is also possible for one organiza-
tion to be arranged in several ways at the same time, say hier-
archically with respect to one aspect and teamlike regarding
another.

In architectural design, the role of leadership practiced by
the creator or master designer has been historically important.
As Cuff (1992) points out, buildings that are recognized as
excellent projects are designed by a few leaders and, some-
times, because of the collaborations of those leaders. When
architects mention buildings that are important for their cul-
ture, the persona attached to them is an important part of
the reference.

Design studios often emphasize the culture of the indi-
vidual. Most of the time, students work on projects that do
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not involve any communication beyond the one required with
their studio instructors. PBL courses show that learning to de-
sign in this manner is not incompatible with learning about
the collaborative nature of architectural practice. Product-
oriented architecture students consider that anything is worth
sacrificing to achieve the object they want. This conviction
has been consistently reinforced by the culture of the lone
creator, the mythical Howard Roarke, fighting against an op-
posing world order to achieve his idealistic dreams.

The development of leadership in design teams can take
several modalities. Several styles of leadership exist, ranging
from authoritarian to participatory. It is hard to attach a single
style of leadership to the success of organizations. In some
successful groups, that is, those that Bennis (1997) calls Great
Groups (i.e., Manhattan Project, Disney Studios, and Bau-
haus), members tend to be organized in a collegial and non-
hierarchical way. However, Bennis points out that all those
groups also have in common the presence of a strong and
visionary leader.

Holt (in Wagenknecht-Harte, 1989) introduces the term
cooperative process to denote one type of organization in
which all members cooperate to achieve the goal of a vision
or leader. She exemplifies this type of organization by refer-
ring to people involved in landscape designing, an activity
that requires the concert of various disciplines in which a
team works altogether to achieve the vision of one of its mem-
bers. The artist has a conceptual idea for placing a sculpture in
apark, whereas the landscape architect and the engineer make
it work.

Cuff’s (1992) research on architectural practice validates
this point. She positions herself as an advocate of collabora-
tive work in an ideal sense. However, her research on success-
ful (excellent) cases in architectural design revealed that, al-
though collaboration was important for some of these
projects, and even a teamlike sensibility bonded the central
players who struggled together to create the excellent out-
come, these individuals did not necessarily participate
equally or collaboratively. Instead, important individuals
played essential roles, and their talent and authority was re-
ported to be crucial to the building’s success.

All this relates to another important issue not only men-
tioned by the students but also consistently observed by the
researchers involved in PBL: leadership. Leaders can offer in-
centives, persuade and reward members of the organization,
using their power and/or charisma. Barnard (quoted in
Ahrne, 1994) points out that sometimes there is a difference
between what affiliates want to do and what they should do
as part of an organization. Therefore, unless the individuals
can be induced by someone to cooperate, collaboration will
not take place. This is an important reason why leadership in-
side a group is important.

Our experience with PBL has shown that, in many cases,
there is a typical way in which the relationship between archi-
tects and other professionals works. Architects produce the
conceptual ideas of a building, whereas engineers and other
professionals make them feasible. They work together with
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the architect to transform the vision into an exciting built en-
vironment that represents the integration of building systems
and constructability aspects.

Leadership in PBL is therefore neither unique nor static.
For successful teams, leadership is mostly plastic, dynamic,
always changing throughout the project by shifting from
one team member to another according to the challenges
and needs for expertise in each different stage of the build-
ing’s development.

5.2. Disciplinary divides

Additionally, the increasing division of work and knowledge
that has taken place in the building industry and professional
communities, for example, architectural practice, has also cre-
ated the development of different value structures around
each of the different participants in the project’s creation.
These different value structures represent what Cuff (1992)
calls “stereovision.”

About 45% percent of all facts mentioned by the PBL stu-
dents pointed to this disciplinary and cross-disciplinary di-
vide. Some of the aspects mentioned include the value of
cross-disciplinary interaction early in the project, to optimize
the decision making and the quality of the final solution, and
the importance of recognizing each other’s expertise and
world views, to enhance the communication, develop trust,
and better understand the cross-disciplinary goals.

These are some quotes from the students’ self-reports:

“At the core of our process there was the complementing of
our skills, sharing points of view, and the development for
a mutual concern for cross disciplinary problems.”

“It is needed a greater understanding of other disciplines.”
“No one is ever ‘always right.” Ideas often come from out-
side your discipline.”

The understanding of the other did not mean in any case the
subrogation of the disciplinary expertise. On the contrary, this
understanding enabled each team member to empower his or
her position in front of the other disciplines. In most cases,
this empowerment was expressed by the others’ recognition
of the importance of the particular discipline to achieve the
common goal of producing the final project.

Professional practice as experienced by the PBL students
requires negotiation and argumentation because of the differ-
ent opinions, constraints, and criteria of those involved in the
design process. In this way, students get acquainted to what
Rittel (1972) calls symmetry of ignorance, that is, an under-
standing that no one member knows better than any other
by virtue of experience or degree, and that all ideas and judg-
ments are biased.

5.3. Communication

Analysis of the self-reports shows that 80% of the teams re-
ported that the course was useful because it made them aware
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of those aspects connected to communicational or discipli-
nary issues associated with teamwork. Following are some
quotes that reflect this aspect:

“Having an open and continuous line of communication is
imperative.”

“Changing the way you work and communicate with the
architect and construction manager can yield huge advan-
tages.”

“When you make a change make sure everyone knows all
of its implications.”

“Making progress means: communication, communica-
tion, communication.”

Fifty percent of the students’ comments at the ending of the
class directly addressed the acquisition of communication
skills not only within their discipline, but also across disci-
plines. As a major element in their learning processes, stu-
dents mention issues such as the need for assertiveness and
agreement regarding communication protocols. Students em-
phasized that by the end of the course they gain awareness of
their and the others’ processes, and in many cases an appre-
ciation of the role, goals, and constraints of the other disci-
plines that they were not aware of initially.

Important issues mentioned by the students concerned jar-
gon specific to each profession, as well as the frequent misun-
derstanding when interacting across disciplines because of
different meanings and world views of specific situations. It
is known that several communication issues are present in
the relationship between members of building design teams.
Mainly, these issues have to do with the special jargon that
architects use to refer to the characteristics of space (Schon,
1987; Cuff, 1992; Habraken, 2004). Designers may use a
very particular language, in which meanings are fuzzily de-
fined and learned both in academia (Wilson, 1996) and in
professional practice. Usually, this poses difficulties when
other team members, who have not been socialized as archi-
tectural designers, try to understand architects’ arguments.
Words and structures of values bias the communication
among the members of the organization.

6. PBL VERSUS THE TRADITIONAL DESIGN
STUDIO: LEARNING TO COMMUNICATE,
COOPERATE, AND COLLABORATE ACROSS
DISCIPLINES

As can be observed from the previously reported findings, the
PBL experience empowers students by learning aspects of
their and others’ disciplines that are not typically learned as
part of a traditional design studio curriculum. It presents stu-
dents with required skills and situations that closely resemble
scenarios design professionals face as part of their every day
work.

Exposing students to PBL-like studio experiences can help
them develop both the understanding and the skills required
for a further professional practice. In situations like these,
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students can learn not only to work collaboratively but also
about the values and goals pursued by other professionals in-
volved in the development of building projects.

Real cooperation, however, cannot be nurtured in architec-
tural designers unless their education presents them with the
key aspects we have mentioned thus far: improvement of
communication skills, empowerment through developing
strategies of leadership, and recognition of own and others’
world views and their impact on the decision making process
in design.

Finally, a major belief that needs to be changed in the
minds of both students and design studio instructors is that
cooperation does not hinder creativity. In professional prac-
tice, in the nonacademic world, it is precisely not knowing
how to carry out designers’ ideas collaboratively that can
really hinder the possibilities to develop truly innovative and
successful projects. Issues of cooperation and collaboration
are central to the success of excellent practice settings, both in
terms of employee satisfaction and the degree of excellence of
the resulting design artifacts.
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