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In the light of increasing demands on engineering curricula to integrate the development of professional skills in
engineering education, this paper focuses on characteristics of effective educational environments and experiences for
preparing students for future challenges by exploring ways in which professional learning is encouraged. The study is
empirically grounded in a 3-day annual workshop that brings together students from all areas in the building sector
including industry exponents to engage collaboratively in the processes of design and construction of a new building. The
workshop is based on the principles of Building Information Modeling (BIM), which facilitate the coordination and
collaboration between parties of a building design and construction team, and in this process, essential communication and
interpersonal skills are mobilized and developed. Data about the students’ learning outcome are collected through
observation, interviews and online questionnaires. The present investigation points at the dual effect of experiential
learning in problem-based, interdisciplinary environments with regard to both actualizing core knowledge, skills and
competences through solving complex real life problems and having to employ and thereby develop professional skills in

the process of solving these problems.
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1. Introduction

The role of engineers has grown increasingly com-
plex during the last couple of decades. Not only do
engineers need to demonstrate up-to-date knowl-
edge and capabilities within engineering practice
and technological proficiency including ICT, but
they also have to respond to a diversity of stake-
holder demands and perform competitively at a
global level and deliver increased value correspon-
sive to the elevated costs and remuneration systems
in OECD countries. Future engineers are expected
to reach beyond their technical expertise into trans-
disciplinary domains and align competing perspec-
tives that match societal and global complexity as
they “synthetize information from a broad range of
disciplines and understand the constraints of social
systems as well as the economic, legal and political
constraints of an engineering design solution” [1].
Consequently, there is a growing interest in the
engineering community worldwide to qualify grad-
uates for work in a changing global economy and
with problems demanding competencies that trans-
cend traditional disciplinary norms. In addition to
traditional ‘hard’ skills and ICT, knowledge econo-
mies require a diversified set of ‘soft’ skills such as
adaptability and problem solving, communication
skills, teamwork and interdisciplinary competence
as well as self-facilitation in terms of motivation for
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work and leadership. In order to meet the 21st
century demands, universities are thus requested
to prepare students to act autonomously within
and beyond their disciplines [1].

Aware of the raising demands on engineering, the
various accreditation organizations worldwide are
engaged in assisting institutions define adequate
graduate attribute mappings or program outcomes
by providing criteria that also include professional
or transferable skills to form the profiles of future
engineering graduates. At the European level,
attempts have been made to unify the national
standards through the founding in 2006 of The
European Network for the Accreditation of Engi-
neering Education. In 2008, ENAEE approved the
EUR-ACE framework [2] standards for the Eur-
opean accreditation of engineering programs con-
sisting of five core skills areas, i.e. knowledge and
understanding, engineering analysis, engineering
design, investigations and engineering practice;
supplemented by a set of generic or transferable
skills including teamwork, effective communication
and leadership across different disciplines and
levels, as well as professional ethics and awareness
of societal and global issues. Similarly, the recog-
nized US Accreditation Board for Engineering and
Technology, ABET, had already in 1996 issued a
new set of criteria in which the traditional ‘hard’
engineering skills were complemented by an addi-
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tional set of six ‘soft’ or professional skills including
the ability to communicate effectively and to work
in multidisciplinary teams, ethics and professional-
ism, as well as working within a global and societal
context, lifelong learning and a knowledge of con-
temporary issues [3]. Furthermore, the Engineer of
2020 report [1] provides a strategic framework for
the attributes and skills for future engineers, which
combines strong analytical skills, creativity and
practical ingenuity with communication skills, pro-
fessionalism and leadership. In 2006, the National
Science Foundation funded the P-360 study, which
provides empirical guidance for engineering pro-
grams primarily within design and problem solving
skills, interdisciplinary competence and contextual
competence [4].

2. Beyond hard-soft divide

Universities are organized along fixed disciplinary
lines and corresponding epistemological structures.
To prove successful in their fields, students are
supposed to assimilate disciplinary norms, the
‘ways of thinking and practicing’ (WTP), of their
discipline [5]. Traditionally, engineering belongs to
the so called hard disciplines being overtly paradig-
matic regarding the nature of knowing and under-
standing including what counts as adequate
methods for problem solving [6]. The ‘hard’, tech-
nical emphasis within engineers’ identities might not
comply with ‘soft’ competencies that not being part
of this identity might be marginalized as alien to
WTP in engineering. Meanwhile, the global call for
complementing modern engineering curricula with
generic skills related to communication, teamwork,
professionalism, problem solving and contextual
awareness challenges traditional disciplinary con-
fines and habitual WTP towards a more integral
vision of engineering arguably involving interdisci-
plinary collaboration. Interdisciplinarity has been
defined as the “process of answering a question,
solving a problem, or addressing a topic that is too
broad or complex to be dealt with adequately by a
single discipline or profession . . . and [that] draws
upon disciplinary perspectives and integrates their
insights through the construction of a more compre-
hensive perspective’” [, p.5]. Building interdisciplin-
ary competence requires a space for discursive and
methodological negotiation to facilitate the crea-
tion of alliances between communities of practice
and their WTP without threatening participants’
disciplinary identities. It is argued that transcending
the ‘hard’ versus ‘soft’ disciplinary divide and facil-
itating cross-disciplinary encounters to expand dis-
cipline-specific activity are necessary steps in
aligning university activity with 21st century socie-
tal and global requirements [1]. Interdisciplinary

collaboration might prove helpful in transcending
the hard/soft disciplinary identities as it promotes
the development of generic competences related to
‘graduateness’ qualities, i.e. the “academic inquiry
and intellectual curiosity, the ability to accommodate
diversity and alternative perspectives, the ability to
create and defend ideas, and the ability to use com-
munication as a vehicle for learning” [8, p.456].
Arguably, these qualities are conducive to the
advancement of professional skills in engineering
education.

The principle of learning through solving pro-
blems seems crucial for developing deep learning as
it involves a focus on practice in context and
activates various process competencies, €.g. com-
munication, team collaboration, etc. Problem
Based Learning (PBL) marks an innovative turn
in this respect as it mobilizes higher order thinking
and inquiry-based processes based on students’
autonomy in pursuing learning objectives [9]. Inter-
disciplinarity is closely associated with PBL as it
makes indispensable the construction of knowledge
through dialogical processes denotative of PBL,
whereby students negotiate meaning and a shared
problem solving, which further develops their
understanding [10]. Interdisciplinary collaboration
promotes student learning in both an educational
and a professional sense by providing problem
oriented work with competing perspectives on
knowledge derived from a diversified disciplinary
perspective.

In the light of increasing demands on engineering
curricula to integrate the development of profes-
sional skills, the present paper focuses on character-
istics of effective educational environments and
learning experiences for preparing students for
future challenges by exploring and identifying
ways in which professional learning is encouraged.
To elucidate this point, the paper will investigate an
extracurricular activity, a 3-day interdisciplinary
workshop that engaged engineering students
together with other relevant stakeholders in a col-
laborative digital building project. The focus areas
of the workshop are new tools and collaboration
methods to meet increasing requirements on the
building sector as described in the section below.
The study will explore the main impacts of inter-
disciplinary collaboration related to the develop-
ment of professional skills, and discuss possible
implications for improvements in engineering edu-
cation. The research question guiding our investiga-
tion is: Which are some of the characteristics of
effective learning environments and learning experi-
ences that will better prepare engineering students
for the world of work and how can the educational
setting promote the development of professional
skills?
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3. Collaboration needs in the construction
industry

Emerging trends in civil engineering pose increasing
requirements on the building sector in the form of
significantly increased tailored user demands, com-
plex heating, ventilation and air conditioning instal-
lations, sustainability, innovative architecture,
increased focus on operation and maintenance as
well as an increased expectation for social respon-
sibility and accountability. Engineering compe-
tences have to be continually adjusted to match
the speed of technological change, the exponential
increase in the amount of data and information that
is becoming available, the globalization of the
industry and of the engineering practice. In many
countries we see very ambitious requirements to
new buildings regarding energy consumption and
environmental ‘footprint’. With the new require-
ments, we first of all need to use state of the art
components like highly insulated walls and win-
dows as well as very efficient systems for energy
conversion and energy distribution. Additionally, it
is necessary to combine the technologies in an
optimal way for the individual building and also
to see the individual building as a part of a larger
energy consumption, production, distribution and
storage system. Such requirements can only be
fulfilled with a very close interdisciplinary colla-
boration between several engineering disciplines as
well as other disciplines involved in design, con-
struction and operation of buildings. To interact
successfully in such complex collaboration settings,
we must take into account technological, organiza-
tional, personal and interpersonal aspects.

The interdisciplinary collaboration will typically
take place in a multi-model environment reflecting
differences in the representation of information
about the building to be designed and built. In a
study of industry requirements for collaboration in
Building Information Modeling, Shafiq et al. [11]
found that there is a considerable difference between
the requirements for collaboration within a single
discipline and the collaboration across multiple
disciplines. Dolenc et al. [12] discusses the commu-
nication challenges on both technical and semantic
level in developing a collaboration platform for the
construction industry. Klinc et al. [13] have studied
requirements for engineering collaboration and
states that the architecture, engineering and con-
struction businesses are very information intensive
and that “the most important component of every
project remains the collaboration and sharing of the
information amongst different parties”. During the
last decades, a large research effort has been made to
create the foundation for an integrated building
design environment to support the collaborative

process between end users, designers and contrac-
tors. Christiansson et al. [14] describe how an
integrated design environment should support a
design process partly carried through in virtual
spaces with access to a shared building product
model on different detailing levels. Several initia-
tives involving information technology are taking
place to increase collaboration in the building
industry and keep up with the evolving require-
ments. Similarly, educational and formational set-
tings respond to industry needs for preparing
candidates that are fit for purpose by finding ways
to expose students to real work life requirements.
During the last decade, the concept Building
Information Modeling (BIM) has evolved as an
overall term for the new modeling paradigms and
collaboration processes in the building industry. It
facilitates the coordination and collaboration
between the parties of a building design and con-
struction team. BIM has the potential to transform
the cross-disciplinary approach used in the industry
today, since it supports a close collaboration in
more iterative processes where each discipline’s
contribution can be continually merged into the
project. BIM both requires and supports interdisci-
plinary collaboration and is therefore suggested as a
means to promote interdisciplinary in engineering
programs [15]. BIM reverberates the principles of
interdisciplinarity in that the integrated design
approach distributes equal responsibilities among
participants, making collaboration vital to solving
problems. At the same time this supports an inter-
disciplinary way of thinking since it brings partici-
pants together to meetings and discussions,
supports the sharing of knowledge, expertise and
experiences to make sure that building performance
is thought through and that each system or design
decision is not optimized at the expense of another.
This study is empirically anchored in a 3-day
annual workshop in Northern Denmark, The Digi-
tal Days (DD), which is based on the principles of
BIM. The workshop brings together students from
all areas involved in the building sector including
industry exponents to experience technological and
organizational possibilities and challenges as well as
skills requirements. The participants in DD have a
shared goal that is to solve a real life problem in an
authentic context. In this case, the participants had
the common task to work through most aspects of
design and construction of a hospital building
according to specific requirements. Another real
life authentic dimension was provided by inviting
a team of architecture students from the University
of Architecture in Ho Chi Minh City, Vietnam, to
present their take on the problem. The Danish
interdisciplinary work group were thus confronted
with the reality of global competitiveness of solu-
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tions from a highly motivated, product oriented
team and the option of taking into account their
proposition, which added yet another dimension to
the collaboration process.

4. Data collection and results

The collected data stem from inquiries during the
entire workshop, where two of the research team
members acted as process facilitators, including
observation and informal talks with the working
groups with special focus on the engineering stu-
dents. A main part of the data collection was based
on an online questionnaire on participants’ evalua-
tion of the workshop and the perceived learning
effect including professional skills. A similar evalua-
tion was conducted with industry representatives as
per the relevance of the workshop to work life. The
questionnaires were supplemented by a number of
interviews with selected students and industry repre-
sentatives. Further data stem from a final evalua-
tion meeting with all participant groups, who shared
their learning experiences and feedback on the
workshop. The data have been treated as a collected
body of evidence using an interpretivist methodol-
ogy [16]. The survey that was conducted at the end
of DD testifies of students’ subjective perception of
their learning, on a 5 point scale (1 = low; 5 = high),
pertaining to 14 different statements for both before
and after the workshop. 51 out of 83 students
answered, 19 were engineering students.

4.1 Perceived effects on student’s professional
learning

Following the overall participant rating, engineer-
ing students’ learning level was in 12 out of the
following 14 parameters perceived higher after the
workshop than before:

1. Tam aware of the elements which are part of the
building process.

2. I am aware of my function in the building
process.

3. Thaveaninsightin the competences of the other
professional groups.

4. I can shift between being in charge and letting
go of control.

5. Tamcapable of negotiating with other people to
reach a decision.

6. I am capable of cooperating with other people
in order to solve a problem.

7. Tlearn alot from other people when we work in
a group.

8. I am capable of communicating my ideas to
other people.

9. I am capable of viewing things from other
people’s perspective.

10. T am aware of my own strengths and weak-
nesses.

11. T don’t hesitate when confronted with a new
unusual problem.

12. T have an increased interest in learning more
within my professional area.

13. T am capable of grasping the various profes-
sional areas and see the connections between
them.

14. T have a considerable knowledge within my
professional area.

Figure 1 shows the evolvement during the Digital
Days for the group of engineering students’ per-
ceived learning level within the 14 parameters. We
focus on the highest/lowest ranked statements ran-
ging between the maximum of 51 points and the
minimum of 30 points, before and after DD. The
statements that scored most points before DD were:
st.7—"“Ilearn alot from other people when we work in
a group” (51p.); st.12—*“I have an increased interest
in learning more within my professional area” (48p.);
and st.11—“1 don’t hesitate when confronted with a
new unusual problem” (44p.). While the first state-
ment goes slightly up, 1.p, after the DD, the remain-
ing two are the only ones which go down, 2p. and 1p.
respectively. This shows that our students are initi-
ally confident in working in groups and working
with problems since their curriculum is problem-
based (PBL, AAU model). They are also dedicated
to perfecting their core engineering competences.
Apparently, these competencies were not in need of
further development during DD, which explains the
limited perceived change after DD. Remarkably,
the statements with lowest scores before DD were
the ones that evolved most during DD, namely:
st.3—"“I have an insight in the competences of other
professional groups” (3041, by 11p.); st.13—"“T am
capable of grasping the various professional areas and
see the connections between them” (32-40, by 8p.);
st.1—"“I am aware of the elements which are part of
the building process” (34—43, by 9p.), and st.4—"1
can shift between being in charge and letting go of
control” (34-39, by 5p.). Obviously, these skills
areas although initially low, proved highly needed
and were therefore mobilized during DD and sub-
sequently developed. These are not core engineering
skills, but rather professional ones involving colla-
boration, process as well as self-awareness. Further
aspects pertaining to professional competence
evolved during DD: st.9, by 4p.—“I am capable of
viewing things from other people’s perspective’’; as
well as: st.5—1I am capable of negotiating with other
people to reach a decision”; st.8—"I am capable of
communicating my ideas to other people”; and
st.10—"‘I am aware of my own strengths and weak-
nesses’’, by 3p. These statements refer to students’
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Ranked statements for the engineer

| am aware of the elements which are part of the building process *‘

I am aware of my function in the building process

| have an insight in the competences of other professional groups

| can shift between being in charge and letting go of control

| am capable of negotiating with other people to reach a decision

| am capable of cooperating with other people in order to solve a problem
| learn a lot form other people when we work in a group

| am capable of communicating my ideas to other people
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Fig. 1. The 14 parameters of perceived learning level of engineering students, before and after the DD. The bars show the total score from all

19 engineering students’ answers.

ability to grasp diverse perspectives, communicate
and negotiate solutions on a self-reflected basis. The
rather moderate increase in points may not as such
suffice to describe the actual development especially
as it sums up the points on the entire scale.

Figure 2 shows a qualitatively more differentiated
view of the points ascribed, where we can see a raise
in the high-end of the scale, in relation to two pairs
of statements, st.3 and st.13 among most evolved
during DD, and st.5 and st.8, more specifically

Grouping of points

relating to communication and negotiation skills,
arguably related to the activation of the interdisci-
plinary collaboration.

This overview gives an indication of the learning
produced during DD as also being qualitatively
higher as it contains points from the upper end of
the scale, i.e. 4 Point (grey) and 5 Point (black).
Especially the latter appears only in the aftermath of
DD. Although based on subjective assessments of
how the students think their competence levels may
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Fig. 2. An overview of the qualitative shift in the perceived learning effect during DD.
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have shifted during DD, their appreciation is indi-
cative of which competences were at stake during
DD, where the students were involved in doing
engineering in context, as part of complex scenarios
in real life projects, in a quite different setup with a
much more compressed schedule than the usual
study groups and assignments. This forced the
students to be flexible: work faster and make
decisions based only on estimation, which they
were not used to. Similarly, the new ways of working
and the pressure felt from other professions, which
depend on their output, may have challenged the
usual disciplinary norms.

4.2 Developing professional skills through
interdisciplinary collaboration

The scope of DD is to “unite forces across disciplines
and traditions. . . through purposeful cooperation with
industry partners to develop and expand the use of
digital tools throughout the building sector” (B.
Larsen, opening speech at DD). Besides the
espoused practical goal, this statement has clear
interdisciplinary connotations in aiming at the
synergetic interaction beyond formal and informal
disciplinary boundaries. The integration of the
various disciplinary contributions during DD
revolves around certain themes denotative of inter-
disciplinary collaboration. Communication plays a
central role in mediating multiple perspectives and
approaches to guide the problem-solving process.
This aspect appears nearly unanimously in students’
evaluations: “DD is the only opportunity we as
students have to communicate with other professional
groups — all the technical stuff we learn in school, here
we focus on something else”. .. “What we learned was
communication”. . . “The effect of interdisciplinarity,
the communication between [parties], really makes
an impression”.

Communication mediates the negotiation of
meaning to reach a common understanding:

“I am more capable of talking about things with
others before taking a final decision”.

“I will definitely be better at communicating with
people from other fields”.

This leads to an increased insight in other dis-
ciplines and boosts interdisciplinary collaboration
skills:

“Iwill be better at viewing problems from the other
team members’ perspective”.

“I am more aware of—, and I can better relate to
what the other professional groups do” .

“[The biggest gain comes from ] working in teams
and communication with people from different spe-
cialties; then analyzing the problem with different
approaches”.

Meanwhile, the gains are linked to the final
educational aim, i.e. being fit for practice:

“[The biggest gain comes from] the great colla-
boration between all the different groups. Because of
this workshop, I will be capable of working in real life
with a bit more experience than I would have if going
out straight from school. I know what a real life job
will be like and what working with a lot of people will
be like. The workshop really prepares you and
answers a lot of the questions you ask yourself
before graduating”.

In their evaluations, industry representatives
strongly agree that the competencies, which the
students achieve during the workshop, are highly
relevant for working life, and also that the work-
shop reflects real life problems. Additional inter-
view evidence stresses the importance of people
skills: “. . . verbal communication, catching each
other’s signals, and how to handle a situation when
things escalate. Here we are halfway into the psycho-
logical domain, could this be integrated in the [engi-
neering] educational programs? They should have
some insight; it doesn’t come automatically. . .”
(IT-manager). However, the need to train specific
digital tools, as those in focus in the workshop, are
deemed to be equally valuable in the workplace: “If
they know how to use them, then we have a basis for
cooperation; if they all learned it from school, it would
help them speak the same language from the start”
(IT-manager). The interviewee stressed that the
interdisciplinary work form at the workshop corre-
sponds to an evolving work organization in Den-
mark, called “project houses”, where all the
specialists are gathered synchronously during the
initial stages of a large project to plan and coordi-
nate their contributions. This echoes the claim of
many students at the final evaluation meeting, that
the real gains were made in the interdisciplinary
group meetings, where group representatives from
all professional groups negotiated shared under-
standing and intentions: “We just wish that all of
us could have taken part in the interdisciplinary group
meetings to gain a deeper insight in what other groups
were doing”’.

The opportunity of training their collaborative
skills in an interdisciplinary environment is highly
valued by the participants: “a huge advantage that
all these professional groups are present because it
gives a unique insight in what we all are doing and how
to collaborate with other professional group than
yours and strengthens our collaborative skills with
different disciplines because we learn to understand
their needs and requirements”.

The digital platform BIM offers an adequate
framework for developing interdisciplinary colla-
boration: ““... how suitable it is to store all data inside
a drawing, which improves the collaboration between
groups, and the different parts of the building pro-
cess”’. BIM supports the need for trying out alter-
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native solutions, where making mistakes is viewed
as learning: [/ We valued ] the chance to try out some
ideas without causing everything to fall to the
ground”. . . “. .. all that went wrong could be used
to improve the system”.

Regarding problem solving and collaboration
skills mobilized during DD, students emphasize
the stimulating effect of real life problems: “All the
different problems, the more, the better, because they
create opportunities for having to collaborate with
others” and: “We discover problems with methods
and tools that we wouldn’t get to know in school”.
Learning to handle uncertainty alters the perception
of what counts as important, offering an alternative
to a certain methodological rigidity in favour of
processual skills, which challenge the dominant
disciplinary norms: “I concentrate on the type of
knowledge that I can operate within an approximate
appreciation, which seems ‘constructable’, without
having to perform the entire calculation, so that I
can bid in to keep the process going when other
professional groups need my input”.

The dynamic social context boosted by the inter-
disciplinary collaboration in an authentic setting is
particularly valued as a modeling factor and a
strong motivation for engaging in complex problem
solving in unknown circumstances: “The large
number of people working together on the same
project is a strong motivation for self-improvement;
gives a sort of real world experience”. . . And: The
commitment of every group was a strong individual
motivation for people”.

4.3 Developing professional skills in context

The main findings in the study concern the impact
that a real life scenario evoking the mutual inter-
dependencies and the complexity of a building
project had on developing core professional skills,
i.e. teamwork, communication and negotiation as
well as the centrality of interdisciplinary collabora-
tion in promoting these skills. Participants benefited
not only from working in a team, but also from the
process of negotiating solutions with other teams in
a multidisciplinary, globally enhanced setting as the
workshop was boosted by the concurrent participa-
tion of different occupational fields as well as a team
of architecture students from Vietnam. Participants
mobilized communicative skills and interpersonal
competencies to uncover each other’s discipline
specific methods in order to align their problem
solving approaches. Moreover, the socially facili-
tated experiential learning milieu prompted stu-
dents’ commitment and motivation to deal
effectively with problems within the constraints of
a project framework.

The value of a real life interdisciplinary problem
scenario lied first and foremost in providing stu-

dents with opportunities to activate generic skills in
context, in this case, the integrated process of a
building project. Consequently, the present investi-
gation points at the dual effect of experiential
learning with regard to both actualizing core knowl-
edge, skills and competences through solving com-
plex, real life problems and having to employ and
thereby develop professional skills in the process of
solving these problems in a multi-level, multi-dis-
ciplinary setting. Interdisciplinary collaboration
became the meditation link between diverse per-
spectives on work and was instrumental in bringing
about mutual awareness and insight. In this process,
a whole set of processual skills were mobilized and
developed, e.g. teamwork, effective communication
across various disciplines and levels, flexibility and a
sensitivity to different stakeholder perspectives as
well as an increased self-awareness and leadership.
Incidentally, these competencies correspond to the
professional skills agreed upon by accreditation
organs worldwide.

5. Discussions

Various problem and project-based learning models
are increasingly adopted in engineering education,
yet, our findings suggest that there may be further
scope for applying methods to promote profes-
sional competencies. Interdisciplinary settings
involving multiple university disciplines as well as
various actors from the industry create socially
facilitated, high-involvement learning environ-
ments. As one of the students during DD put it,
“[t]his type of workshop has the potential to expand
disciplinary and interdisciplinary boundaries”. We
will here discuss how interdisciplinary collaboration
impacts on the development of professional skills
and make some suggestions for deliberate action at
curriculum level.

One of the salient features of interdisciplinary
collaboration is the integrative problem solving
aspect in combining contributions from multiple
disciplines. The participants in DD moved beyond
merely distributing tasks in a team towards nego-
tiating solutions internally and with concurrent
teams. They mobilized interpersonal and commu-
nicative skills in order to uncover and integrate each
other’s “ways of thinking and practicing”. The
prerequisite of such activities in DD was a real,
complex work project containing imminent pro-
blems and adequate opportunities for the partici-
pants to negotiate shared solutions. The groups fed
their contributions continually into a digital plat-
form that supported iterative problem clarification
and solution loops and thereby the interdisciplinary
collaboration. Furthermore, the real-life scenario
was populated by valued professionals and specia-
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lists, who served as role models for an attitudinal
shift towards an integrative mindset. The experien-
tial learning climate boosted participants’ spirit of
inquiry and freedom to advance preliminary solu-
tions to open-ended problems. The dynamic social
milieu promoted mutual commitment and a moti-
vation to comply with the constraints of a product
oriented approach, where interdisciplinary colla-
boration was instrumental to project work.

In our study, Problem Based Learning emerges as
an adequate methodology for promoting the devel-
opment of professional skills to the extent to which
it is contextualized as real-life problem and project
scenarios involving interdisciplinary collaboration
with an explicit focus on the development of pro-
cessual competencies through carefully designed
mutual interdependencies in order to solve the
problems and carry through with the project.
These conditions challenge the students to collabo-
rate in innovative ways developing flexible thinking
and a sensitivity to the interdependency between
various disciplinary contributions. This suggests
that professional skills need not necessarily involve
any radical expansion of the curriculum to include
formal courses in related disciplines, such as com-
munication, leadership, etc. Rather it would require
experiential learning environments that demon-
strate the need of non-technical competencies and
facilitate their development by according them
sufficient status and finding ways to assess students’
demonstration of such skills.

Problem based learning aims explicitly at devel-
oping process skills [17], yet the way it is practiced
within educational program confines, where stu-
dents work in self-elected, homogenous groups on
mutually agreed problems, leaves but a limited
scope to engage collaboratively and activate com-
munication skills in order to integrate expertise
from related fields. To this purpose, stressing the
interdisciplinary dimension in problem and project
based learning might be a viable way to supplement
the learning objectives of the formal curriculum.
This learning goal should be pursued by allowing
students to engage actively in carefully planned
interdisciplinary activities and would have to be
assessed formatively in order to encourage students’
reflections and mutual sharing of their experiences
with employing professional skills. Problem and
project based learning, work on interdisciplinary
real life projects; teamwork, interaction with indus-
try; project management and formative assessment
emerge as essential methods to develop interperso-
nal and professional competencies. This requires an
attitudinal shift in the disciplinary ways of thinking
and practicing traditionally stressing hard skills,
and therefore engineering educators will have to
advocate these new sets of skills in convincing ways,

through sustained efforts to employ these methods,
and their personal commitment to support students’
professional learning.

The consequence of stressing the importance of
interdisciplinary collaboration in engineering pro-
grams might be that the type of workshops reported
in this study will not have to be marginalized as an
extracurricular activity, subject to discretionary
efforts, but rather become an integrated part of
the formal curriculum, together with a number of
related activities. Arguably, such a curriculum will
release the grip of traditional disciplinary thinking
allowing for the implementation of fully-fledged,
interdisciplinary problem and project based learn-
ing environments, perhaps emulating the project-
house work organization, evolving in industry. This
would at the instructional level imply a new, inter-
disciplinary type of educator, equipped with specific
competences to promote interdisciplinary thinking.
In order to promote the development of profes-
sional skills through interdisciplinary collaboration
among engineering students, the interdisciplinary
competence has to be explicitly acknowledged as a
learning goal in the educational program. Besides
the formal, curriculum level, a framework for inte-
grating the development of interdisciplinary com-
petence in engineering education should involve
organizational and instructional levels, i.e. explicit
ways of organizing interdisciplinary learning envir-
onments, as well as the competence development
level, i.e. equipping staff with the required insight
and tools to facilitate students’ professional learn-
ing processes.

6. Conclusions

This study is empirically anchored in a 3-day annual
workshop which brings together engineering stu-
dents with students from several other areas
involved in the building sector. Based on data
from a real-life building project, the students colla-
borate on all aspects of Architecture, Engineering
and Construction. The collaboration is based on the
concept Building Information Modeling (BIM),
which has evolved as an overall term for new
modeling paradigms and collaboration processes
in the building industry.

The main findings in the study concern the impact
that a real life scenario evoking the mutual inter-
dependencies and the complexity of a building
project has on developing core professional skills,
i.e. teamwork, communication and negotiation as
well as the centrality of interdisciplinary collabora-
tion in promoting these skills. Participants benefited
not only from working in a team, but also from the
process of negotiating solutions with other teams in
a complex multidisciplinary setting.
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Various problem and project-based learning
models are increasingly adopted in engineering
education, yet, our findings suggest that there may
be further scope for applying methods to promote
professional competencies. Interdisciplinary set-
tings involving multiple university disciplines as
well as various actors from the industry create
socially facilitated, high-involvement learning
environments. According to the findings in this
paper, such learning environments prompt students
to mobilize interpersonal and communicative skills
in order to uncover and integrate each other’s “ways
of thinking and practicing”.

Mutual interdependencies challenge the students
to collaborate in innovative ways and thus develop
flexible thinking and sensitivity to the interdepen-
dency between various disciplinary contributions.
This suggests that professional skills can be
obtained without a radical expansion of the curri-
culum with formal courses in disciplines as commu-
nication, leadership etc. Rather it would require
learning environments that exhibit the need of
non-technical competencies and facilitate their
development.
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