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Abstract
The inclusion of BIM in architecture curricula, in addition to those in engi-

neering and construction, has gathered significant pace over recent years. The 
patterns of this inclusion vary significantly from country to country having 
different approaches, strategies, methods, and challenges associated with profes-
sional and academic environment. In countries like Turkey, many architecture 
educators still ask: ‘What is BIM and why do we need it?”. This paper presents 
one part of a larger research aiming to develop different ‘BIM learning scenarios’ 
for architecture schools which had not yet developed BIM tradition. The BIM 
learning scenario represents a flexible structure organized within the agenda of 
four basic questions: why (objectives), what (contents), how (methods), and who 
(management). The broader research proposes a strategy for introducing BIM in 
architectural education. The strategy is defined by the means of an exchange of 
experience between the academic world and practice. It also prioritizes self-learn-
ing and student-centered approach which are one of the key requirements of 21st 
century curricula. The current paper demonstrates students’ perceptions of the 
proposed BIM learning scenario obtained through focus group study. We provide 
the framework used to plan the scenario, describe the scenario setting, present 
students’ responses obtained through focus group, outline the lessons learned and 
discuss their implications for the future advancement of BIM in architectural 
education.
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1. Introduction
Nowadays, architectural education 

is going through a transformation, 
tending towards the adoption of digi-
tal technologies and building informa-
tion modeling (BIM). BIM is a digital 
model-based technology linked with a 
database of project information which 
is led by the idea to reintegrate design, 
construction, and project manage-
ment, reducing project delivery time 
and overall costs (AIA, 2007). BIM 
represents a large innovation in ar-
chitecture, engineering, construction 
and operation (AECO) industry with 
significant upside potential, but it also 
represents, as most innovations do, a 
disruption to entrenched culture and 
associated models of practice and ed-
ucation. 

Teaching BIM is a complex issue 
which requires understanding and 
knowledge not only of the tool but also 
of materials and construction methods 
used in the aspired professional prac-
tice (Cheng, 2006). Students should 
not only learn the theory and function-
ality of BIM and understand its current 
implications, but also ‘learn to learn’ 
and continuously upgrade their practi-
cal skills and knowledge to be able to 
respond to the changing requirements 
of practice. 

The inclusion of BIM in architec-
ture, as well as engineering and con-
struction academic curricula has gath-
ered significant pace over recent years 
(Barison & Santos, 2018). While there 
is a visible increase of publications in 
this area and signs that it is becoming a 
growing field of research, there is a lack 
of agreement on how to include BIM in 
academic curricula. One of the major 
reasons for the still unresolved status of 
BIM in architectural education can be 
found in the presence of clearly oppo-
site attitudes towards BIM in architec-
tural education. While some educators 
(Clayton, M., Ozener, O., Haliburton, 
J., & Farias, F., 2010; Ambrose, M. A., 
& Fry, K. M., 2012; Ambrose, 2007; 
Aksamija, 2017; Cheng, 2006) regard 
BIM as an inevitable part of 21st cen-
tury education and the opportunity to 
improve it, others consider it a threat 
to the creative development of students 
and the disruption of long-established 
models of educating architects (Den-

zer and Hedges, 2008).  Moreover, ar-
chitecture educators cannot agree on 
whether BIM should be approached as 
a tool/skill issue, as a new form of de-
sign practice, or as a new professional 
organizational model (Deamer, 2011). 
Each of these positions lead to different 
contents, pedagogical approaches and 
positioning in curricula (Becerik-Ger-
ber et al., 2011).  As a consequence, the 
question of how and when to introduce 
BIM into architectural education re-
mains to be open and exploring inno-
vative approaches is needed. 

The literature review of articles on 
implementation of BIM in education 
shows lack of evidence-based inter-
pretations of implementing BIM in 
architectural schools, especially in re-
lation to the main actors of the teach-
ing process – students and teachers. It 
is still not sufficiently illuminated what 
particular BIM learning scenario is the 
most effective one and which brings the 
best results. This prompted us to devel-
op the longitudinal research study that 
lasted for three semesters and intro-
duced different BIM learning scenario 
in each semester. Such research design 
enabled testing of implementation of 
a certain learning scenario, and at the 
same time improving it on the basis of 
previous evaluations. Before explain-
ing our research approach, we shall 
first discuss different views on BIM in 
university curricula. 

2. BIM in architectural education
Barison and Santos (2018) provided 

the extensive list of authors and uni-
versities who have integrated BIM into 
their curricula as well as a comprehen-
sive overview of common trends in 
adoption across disciplines. Accord-
ing to their observations, architecture 
schools were among pioneers showing 
interest in BIM adoption when it first 
appeared. However, today, they are 
among the ones with the least agree-
ment on how to do it.

One of the major reasons for this can 
be found in the presence of clearly op-
posite attitudes towards BIM in archi-
tectural education. On one side, BIM is 
seen as a threat to the explorative char-
acter of architectural education and 
the creative development of students. 
On the other side, BIM is seen as an 
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opportunity to improve architectural 
education by helping to resolve some 
of its existing issues. BIM is also seen 
as a promoter of a more sophisticated 
‘design thinking’ by allowing explora-
tions of various dimensions of design 
solutions (Denzer & Hedges, 2008). 
According to this view, BIM is an inev-
itable part of 21st-century architectural 
curricula.

Another reason for the still unre-
solved status of BIM in architectural 
education comes from the fact that 
BIM means different things for differ-
ent educators. While some see it as a 
tool/skill issue, others consider it as a 
new form of design practice, or a new 
professional organizational model 
(Deamer, 2011). Each of these posi-
tions leads to very different pedagogi-
cal approaches, teaching methods and 
contents. In addition, BIM is not just 
a new topic to be added to the existing 
educational models. Its adoption re-
quires re-considering epistemological, 
cognitive and pedagogical aspects of 
education (Kiviniemi, 2013). 

Along with potentials, there are also 
several obstacles and challenges asso-
ciated with the introduction of BIM to 
architectural education. Education is 
built on a rigid and fragmented struc-
ture that often resists changes. Kym-
mell (2007) suggested that misunder-
standing of the BIM process, difficulty 
in learning and using BIM software and 
issues pertaining to the environment in 
the academic institution are the main 
obstacles to its adoption in education 
(Kymmell, 2007). Furthermore, De-
amer and Bernstein (2011) suggested 
that already overloaded curricula and 
design-studio centered structure of ar-
chitectural curriculum are unsuitable 
for the adoption of BIM (Deamer & 
Bernstein, 2011).

The general resistance to BIM in ar-
chitectural education originates from 
the belief that BIM is suppressing the 
creative development of the student by 
congesting his/her mind with a large 
amount of information and complex 
tools. Design activity and idea gener-
ation is a delicate process which does 
not always benefit from quantitative 
information early in the process (Po-
erschke, U., Holland, R. J., Messner, J. 
I., & Pihlak, M., 2010). Specifically, if 

students are not skillful with the tools, 
design exploration can be hindered by 
switching the focus from the task and 
content to learning the tools. Conse-
quently, this can lead to reduced qual-
ity of design solution and loss of cre-
ativity until the new media becomes an 
integral part of the designer’s mindset.  

The development of successful ed-
ucation depends on more than just 
curricula development. Supporting 
curricula development there need to 
be knowledgeable tutors, a body of re-
search and reference material and the 
appropriate environment in which to 
learn. BIM has put the learning chal-
lenge in front of educators and students 
equally. As BIM has recently gained 
popularity among architecture edu-
cators, many teachers do not have the 
required level of knowledge, expertise 
or design project experience to teach 
BIM. Most teachers are experts in 2D 
drafting, some in 3D modeling, but rel-
atively few in BIM (Kiviniemi, 2013). 
Creating an information-rich virtu-
al model of a building requires much 
more knowledge than architectural 
teachers teach. The lack of maturity 
and expertise of teachers can result in 
poor learning and teaching outcomes. 
Therefore, the issue of ‘who’ will deliver 
BIM-related knowledge represents an 
important challenge for its introduc-
tion in architectural curricula.  

Additionally, developing appro-
priate educational material is anoth-
er challenge. This is because, most 
of the sources of materials are either 
from research studies, which are only 
released via publication only, or ven-
dor oriented material, which is biased 
towards proprietary BIM tools. In or-
der to overcome this limitation, some 
universities create their own in-house 
resources that are used by the students 
and faculty involved in BIM educa-
tion. however, this again is not shared 
among universities massively, and each 
university has to take a similar effort 
from scratch.

Furthermore, the interest and 
awareness of BIM, as well as the level 
of its implementation in practice and 
academia significantly vary from coun-
try to country (Rooney, 2017). Whilst 
BIM is being widely adopted, and even 
required by governments in some 
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countries, in others, BIM is absent 
from academic curricula. In countries 
like Turkey, BIM utilization and rec-
ognition of its importance has recently 
started in professional practice under 
the pressure of international projects 
and their requirements to use BIM. Ed-
ucators cognizant of these changes and 
their significance for education, are 
searching for the best ways to reflect 
them in academia. Some of the lead-
ing universities in Turkey have already 
started the introduction of BIM into 
undergraduate and graduate courses. 
However, lack of research literature 
and practical examples of BIM adop-
tion in academic curricula indicates 
that this issue has not been studied 
with a significant level of depth locally. 
Still, the general question among many 
educators is: ‘What is BIM and why do 
we need it?’. This points to the necessi-
ty to raise the local BIM awareness and 
knowledge which will open the way to 
its wider adoption among the architec-
tural education community in Turkey.

3. The present study 
To address this need and to build on 

the current scholarly discussion about 
BIM adoption in architectural edu-
cation, this study explores ways of in-
troducing BIM in architecture schools 
without developed BIM tradition. It is 
difficult (and probably unnecessary) to 
recommend any single model or cur-
ricular change that could be applied to 
all schools similarly. This paper pres-
ents one part of a larger longitudinal 
exploratory multi-level case study aim-
ing to develop different ‘BIM learning 
scenarios’ for architectural education. 
In the context of this study, the BIM 
learning scenario represents a flexible 
structure organized using a framework 
proposed by Teymur (2007) and UIA 
(2011), which suggests organization 
of new inclusions in architectural cur-
ricula within the agenda of four ba-
sic questions: why (objectives), what 
(contents), how (methods), and who 
(management). To avoid congesting 
students’ minds with the complexi-
ty of BIM software and concept, the 
learning scenario consists of the intro-
duction of the main framework that 
enables one to understand the essen-
tial principles of BIM and the logic of 

its tools in general. The BIM learning 
scenario made the basis for creating a 
new culture in education by proposing 
a strategy for introducing BIM in ar-
chitectural education. This strategy is 
defined by the means of an exchange 
of experience between the academic 
world and practice to simulate pro-
fessional practice in the university. In 
addition, they promote self-learning 
and student-centered approach which 
are one of the key requirements of 21st 
century curricula. 

The study was conducted in the pe-
riod of three academic semesters from 
Spring 2017– Spring 2019 including 
intensive research activity aiming at 
investigating ways of BIM integration 
into architectural curricula in schools 
without developed BIM tradition. One 
segment that this study addressed were 
students’ perceptions of the proposed 
BIM scenarios. Given the longitudinal 
character of the study, it was possible to 
implement BIM learning scenario con-
tinuously over the time and to compare 
different students’ perceptions. At the 
end of the semester, a focus group was 
organized in order to collect students’ 
perceptions about the BIM learning 
scenario. In total, 3 focus groups were 
organized with 17 participants, on av-
erage, 5 participants per a group. Stu-
dents invited for the focus groups were 
those who had attended the course on 
BIM learning scenario, for they had 
relevant experience to draw from.   

This paper presents students’ per-
ceptions of the proposed BIM learning 
scenario. For this purpose, the study 
used focus group, a qualitative research 
method typically used for obtaining 
information about participants’ feel-
ings, attitudes and perceptions about a 
particular topic through conversations 
(Puchta & Potter 2004). As argued by 
Flick (2009: 204), focus groups have 
the potential to reveal meanings peo-
ple have about a certain problem. On 
the other hand, its limitation originates 
from relatively small number of par-
ticipants compared to the overall pop-
ulation, and pragmatic nature of data 
analysis instead of providing exten-
sive and general interpretations (ibid: 
205). As it is the case with qualitative 
research as such, conclusions made on 
the basis of focus group data should 
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be taken more as illustration of how 
certain patterns work in the given con-
texts not as the general rule. In order 
to increase explanatory value of focus 
group data, we conducted multiple fo-
cus groups with different participants 
enabling thus comparison of students’ 
perceptions. 

In the remainder of the text, we will 
present the framework used to plan the 
scenario, describe the scenario setting, 
present students’ responses obtained 
through focus group, outline the les-
sons learned and discuss their impli-
cations for the future advancement of 
BIM in architectural education. Al-
though the primary focus of this study 
is on educational practices in Turkey, 
the issue in this area is present in coun-
tries with a similar level of social and 
technological development.

The study was based on a single in-
stitution, imposing obvious limits on 
the generalizability of our findings. We 
acknowledge that the findings are sug-
gestive and are in need of replication in 
multiple institution studies. Neverthe-
less, in discussing the results, we will 
speak of universities, rather than just 
the one studied.

4. Framework 
Technological developments in 21st 

century created new learning opportu-
nities and brought new profiles of stu-
dents. By casually using technology to 
acquire, communicate and process in-
formation, the new profile of students 

seeks flexible learning structures and 
create their own self-learning packag-
es according to their own interests and 
needs (Foqué, 2010). In such a con-
text, the role of university education 
increasingly becomes to provide the 
guidelines on an approach of ‘learning 
how to learn’ and the classical role of 
teacher transforms into a moderator in 
the learning process, like ‘scaffolding 
for a new building’ (Niemi, 2009).

In line with this context, this study 
proposes ‘BIM learning scenario’, a stu-
dent-centered flexible framework for 
organizing the learning activities with 
the aim to provide guidelines for learn-
ing to learn. As a basis for organizing 
the BIM learning scenario, we used a 
framework for planning and proposing 
new contents in architectural educa-
tion proposed by Teymur (2007), ad-
opted and further elaborated by the In-
ternational Union of Architects (UIA, 
2011). According to this framework, 
new inclusions in architectural cur-
ricula should be organized within the 
agenda of four basic questions: 

a) Contexts and objectives (i.e. 
why) - the rationale for introducing 
new content which is defined by con-
sidering various contexts of architec-
tural education and specific objectives 
pertaining to them. The objectives of 
specific courses are defined within this 
rationale. 

b) Content and curricular structure 
(i.e. what) - the contents that should 
be taught and where should they be 
placed in the curricula. 

c) Methods and media (i.e. how) 
- the modes, means, techniques, and 
vehicles by which the contents and ob-
jectives of courses are achieved.

d) Management and structure (i.e. 
who) - the management of knowledge, 
people, time, space and financial re-
sources in educational contexts; who 
delivers the knowledge, who are the 
students and who evaluates and vali-
dates courses.

All these components are linked, de-
termining and influencing each other 
in a variety of ways. Although based on 
a simple set of questions and concerns 
that already exist in educational studies 
separately or comprehensively (Pektaş, 
2007; Salama & Wilkinson, 2007), this 
framework represents a unique and le-Figure 1. Framework for BIM in architectural education.
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gitimized approach. Using this frame-
work can contribute to better com-
munication among those interested in 
BIM in architectural education which 
is one of the key reasons for its utiliza-
tion in this study. 

5.BIM learning scenario
For the purpose of this study, BIM 

was introduced in Special Topics in 
Architecture (MTZ508E), a 3-credit 
course which is a part of the non-thesis 
graduate program at Istanbul Techni-
cal University (ITU) Faculty of Archi-
tecture. The course was developed and 
taught under the supervision of the Au-
thors. Considering the non-existence 
of BIM-related courses in the curricu-
la, the selected architecture school does 
not have developed BIM tradition. The 
limited course time of 3 hours per week 
required careful planning of contents 
that would be introduced to students 
new to BIM. A homogenous group of 
17 architecture students attended the 
course and agreed to participate in the 
research. The course required a flexible 
structure to allow development and 
the necessary revisions as we gained 
more understanding of how students 
responded to BIM.

Following the aforementioned ques-
tions, BIM learning scenario was ar-
ranged in the following way: 

Objectives. The central learning ob-
jectives were to: understand the role of 
BIM in achieving better, more efficient, 
sustainable, socially and environmen-
tally conscious design solutions; recog-
nize the changing role of architect and 
the importance of BIM knowledge and 
skills in contemporary practice; learn 
the main principles and methods of 
BIM approach; and learn how to de-
velop BIM knowledge and skills in the 
future.

Management. The scenario was or-
ganized around hybrid model which 
combined three complementary com-
ponents (Figure 2):

(I) university class providing the 
supporting structure and guidelines; 

(II) professional practice contrib-
uting with expertize and real-life BIM 
projects; 

(III) online learning repository to 
supplement the in-class learning.

 The course was prepared and taught 

in collaboration with BOLD Archi-
tecture, an architecture-engineering 
firm from Istanbul. The reasons for 
selecting the firm were their interdis-
ciplinary approach and collaborative 
working methods; experience in BIM 
utilization and development of effec-
tive methods for its implementation; 
and their readiness to collaborate and 
openness to share experiences, knowl-
edge with teachers and students. In this 
setting, the three roles and interactions 
emerged: learner (student) - moderator 
(teacher) - practice mentor (architect/
engineer). Although practice mentors 
have valuable project experience and 
practical skills, they lack theoretical 
knowledge about specific concepts. 
They are usually able to do rather than 
theoretically elaborate on how they did 
something. To make their contribution 
effective and to extract the valuable 
knowledge and adjust it to the level of 
beginner learner, the teacher’s task was 
to guide them by providing the frame-
work defining the focus and direction 
of the course. 

To meet the course time frame, only 
the basics and fundamental princi-
ples were provided in the class, while 
students were encouraged to expand 
their knowledge using course-specific 
online learning repository. Serving as 
a supplement to the contents present-
ed in the class, the learning repository 
contained a variety of texts, websites, 
and visual materials from BIM-related 
literature, as well as high-quality tuto-
rials and videos about BIM tools. The 
content of the repository was continu-
ously updated.  

As we agreed with practice mentors 
that they would not be teaching BIM 
software skills, nor the time of the class 
allowed it, the flipped classroom in-
structional strategy was adopted (Bish-
op & Verleger, 2013). Students were 

Figure 2. Hybrid model components.
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required to learn the basic technical 
skills on their own using carefully pre-
pared video tutorials form learning re-
pository. This allowed the in-class time 
to be use efficiently for the questions 
about the aspects students could not 
resolve on their own. Although it was 
a self-learning process, students were 
given the framework to follow, such 
as the required tasks and time to com-
plete them. 

Contents. In order to support the 
gradual development of student’s 
knowledge and skills, and to avoid to 
avoid congestion in learning with too 
much content and complexity, BIM 
content was presented in three levels: 
(I) Core; (II) Modules; (III) Collabora-
tive project (Figure 3).

The core provided an overview of 
BIM theory, technology and examples 
of application in professional practice. 
This also provided the background 
for selecting the BIM area students 
wanted to study in one of the mod-
ules they select. The organization into 
modules was based on the proposition 
that some students are good in design, 
some in tool/technology area, while 
others can be good in organization 
and leadership. By selecting a module, 
students could select a BIM area ac-
cording to their preferences.  The main 
themes from the core were further ex-
tended into modules, each focusing on 
a specific area in more depth. Module 
1 focused on design in BIM environ-
ment and introduced the concepts and 
tools for performance-based design. 
Students explored how building form, 
its location and orientation, materials 

and architectural elements influence 
building performance, its cost, energy 
consumption and daylighting. Module 
2 primarily focused on BIM technol-
ogy and the proper application of the 
tools in correct visualization of dif-
ferent types of BIM objects. Module 3 
introduced BIM methods for effective 
organization and communication be-
tween project participants, the main 
principles of the BIM execution plan, 
BIM process and BIM standards. 

Finally, in intradisciplinary collabo-
rative project, students were expected 
to compile the knowledge and skills 
learned in individual modules into a 
common project. Students were di-
vided into teams in which they took 
the role according to the module they 
selected previously. The collaborative 
project aimed to help students in de-
veloping communication and team-
work skills and the ability to work ef-
ficiently within intradisciplinary teams 
using BIM technology. The key to this 
process was for each team member to 
build awareness, appreciation, and un-
derstanding of other members within 
the team. The projects were not focus-
ing on proposing new designs, rather 
their purpose was to demonstrate stu-
dents’ understanding of presented con-
tents and their ability to apply them on 
the given task. 

Methods. Pedagogically, the course 
was designed as a series of lectures and 
demonstrations followed up by hands-
on exercises.  In addition, the involve-
ment of practice enabled us to use the 
case method in delivering BIM knowl-
edge. Although relatively new in ar-
chitectural education, this method has 
been used for decades in a wide range 
of professional schools, such as law, 
business, and medical schools, to teach 
the skills required for real-world ac-
tivities (Garvin, 2003). The top-down 
process of the case method involves 
disassembling, analyzing the structure, 
function, and operation, taking it apart 
and examining its workings in detail to 
try to recapture the underlying princi-
ples of its creation. The main purpose 
of using this method was to enable stu-
dents the exploration of real-life BIM 
projects and processes that integrate 
design, construction, mechanics and 
other sub-disciplines. In this way, the 

Figure 3. The three level oganization of scenario contents.
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technological and non-technological 
principles of a model as an integrated 
system could be analyzed and exam-
ined. 

For this purpose, the AE practice 
provided the ‘BIM case’, a fully realized 
BIM model of already designed and 
completed building and its documen-
tation (Figure 4a, 4b, 4c). Practitioners 
from each discipline involved in the 
development of the model, such as ar-
chitects, structural and MEP engineers 
presented their components within 
the model and processes that led to 
their creation. The role of different 
disciplines in the overall process and 
the importance of collaboration be-
tween architects and engineers in the 
development of design solutions were 
strongly emphasized. 

6. Research methodology 
This paper describes and discuss-

es one part of a larger exploratory 
multi-level case study aiming to ex-
plore different BIM learning scenarios 
for architectural education. This paper 
presents students’ perceptions of the 
proposed BIM learning scenario. For 
this purpose, together with our obser-
vations during the course, using focus 
group method was considered appro-
priate and convenient. Focus group 
is a qualitative research method for 
obtaining information about partici-
pants’ feelings, attitudes and percep-
tions about a particular topic through 
conversations (Puchta & Potter 2004). 
In focus group, the researcher can col-
lect in-depth answers to the questions 
posed and ask supplementary ones if 
necessary.  

In the context of this study, focus 
groups were used to obtain informa-
tion about students’ attitudes, experi-
ences, and evaluation of several aspects 
of BIM learning scenario. The focus 
group was conducted upon comple-
tion of the course with 17 architecture 
students who took the course. The re-
searcher prepared a script for captur-
ing the data which was then circulated 
to course instructor and practice men-
tors for comments. An external focus 
group moderator was engaged to get 
realistic answers from students. We 
used Krueger’s guidelines for prepara-
tion of different categories of questions 

and their utilization throughout the 
focus group (Krueger & Casey, 2014). 

The focus groups were recorded 
and transcribed into texts. Together 
with the notes taken during the focus 
groups, transcribed texts were coded 
by highlighting the statements of in-
terest. The texts were analyzed using 
content analysis as defined by Krip-
pendorff (2018). To ensure that the ap-
proach remains unbiased and the find-
ings valid, the course instructor and 
practice mentors were asked to collab-
oratively analyze and discuss the focus 
group findings. 

Figure 4a. The ‘print screen’ of BIM model provided by 
BOLD Mimarlik.

Figure 4b. The ‘print screen’ of BIM model provided by 
BOLD Mimarlik.

Figure 4c. The ‘print screen’ of BIM model provided by 
BOLD Mimarlik.
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7. Students’ perceptions of BIM 
learning scenario  

Analysis of focus group discussions 
and conversations identified the key 
themes that were critical in students’ 
experiences and perceptions of BIM 
learning scenario in every single fo-
cus group. Those findings were further 
compared between the focus groups in 
order to develop more profound un-
derstanding of the commonalities be-
tween different students’ perceptions 
in relation to BIM learning scenario. 
These themes, together with notewor-
thy quotes, are presented and discussed 
below. 

Firstly, students were asked to rate 
as ‘successful’, ‘partly successful’ or ‘not 
successful’ the effectiveness of BIM 
learning scenario in improving their 
understanding of BIM. From 17 par-
ticipants, 11 said that the program had 
been successful, 4 students said it had 
been partly successful, and 2 said it was 
unsuccessful. 

7.1. Involvement of practice 
All students expressed positive opin-

ions about the involvement of people 
from practice and their continuous 
presence in the class. They also appre-
ciated the opportunity to directly com-
municate with architects and engineers 
and their openness to share their expe-
riences. Some of the selected responses 
support this: 

‘I think practice mentors have much 
more knowledge about BIM than 
teachers generally’.

‘Honestly, I took the course only 
because it was mandatory, thinking it 
will be boring. But at the end, I had the 
most interesting course so far. Having 
direct connection with real-life and 
ability to choose what I am interested 
in was the exciting part’. 

‘This is what matters when you grad-
uate, to know how real-life works’.

‘I liked that engineers also came to 
the class, not only architects. The real 
building is not just architect’s work’.

‘When I listened to instructor and 
architect explaining the same thing, no 
offense, but architect sounds more con-
vincing because they use the example 
to support what they say and are full of 
real-life stories’.

Moreover, the presence of practice 

gave students the confidence that BIM 
is locally accepted and used, although 
previously much importance had not 
been given to it in their education. As 
one of the students noticed ‘BIM seems 
to make our lives a lot easier. Practice 
mentor told us they use it more than 
ten years. I am wondering why nobody 
taught us BIM before’.  Many students 
believed that practice-mentors should 
teach BIM because ‘BIM is all about 
making real-life buildings’, as one of 
the students observed.    Students also 
clearly expressed their wish for having 
people from practice involved in teach-
ing BIM in the future.  

7.2. Real-life BIM case
When it comes to using the BIM 

model from real-life practice, students 
thought it was useful but still too com-
plex for them as beginners. Further-
more, using real-life example allowed 
exposure to different tasks and roles in 
a project which helped students reveal 
their different interests in different 
BIM areas. Students also considered it 
very useful to see ‘…how it all works 
in real projects with real parameters’. 
Similarly, another student considered 
it useful to see all the elements to-
gether: ‘I saw these elements for the 
first time, thanks to the virtual BIM 
model. I could never guess that there 
are so many pipes and elements…af-
ter all architecture is only one small 
part’. However, some students thought 
it is irrelevant for them to know about 
non-architectural elements: ‘I liked to 
see the MEP elements in the model, 
but I will never create them. So maybe 
we could use more time in the class to 
learn how to create more architectural 
elements?’ 

Although students generally 
thought it is important to have a re-
al-life example, they expressed dis-
appointment about not being able to 
produce similar models. They felt that 
they lack knowledge to build the ‘com-
plex information-rich BIM models’ as 
they did not think they have enough 
knowledge about construction, ma-
terials, and many other building ele-
ments’ properties. As one of the stu-
dents observed: ‘…the real-life model 
is completely different from the sam-
ple project shown in the tutorial.’ They 
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were aware that it is different from the 
one they produced and ‘far from reali-
ty’ as one student said. 

7.3. Self-learning 
Students generally thought they can 

learn the technical skills more efficient-
ly in the self-learning approach rather 
than in the classical instructor-led ap-
proach. According to their responses, 
using the learning repositories allowed 
them the self-defined dynamics and 
flexibility to choose ‘…what to learn 
and when to learn’. For many students, 
learning the basic commands was 
not the problem. However, what it all 
means in the project and how to put 
the properties correctly represented an 
issue for many. Students also thought 
that they needed more time to learn 
the tool to be able to follow up and un-
derstand what was demonstrated in the 
class.  As they were new in BIM tools, 
it took time to get comfortable with 
using it. Many of them would return 
to the ‘safer option’ of using the tools 
they are more proficient in. As one of 
the students commented: ‘Revit looks 
good, but if I need to submit some-
thing really important, I would use 
AutoCAD and Max rather than Revit 
because I use them for five years and I 
can do it faster.’  

7.4. Modules 
Students generally considered the 

division into modules more dynamic 
than the classic course setting. They 
also thought that focusing on a single 
BIM area is a good way to understand 
more clearly the specific topic ‘with-
out having too many concepts from 
different BIM areas to learn’. In addi-
tion, they also liked the opportunity 
to choose what they wanted to study, 
as one of the students commented: ‘I 
liked the idea of modules because BIM 
looks very complex having too many 
fields and subfields. It is impossible to 
learn it all. Everyone should choose 
something they can be good at.’  

One of the main issues that students 
highlighted was the need for more time 
for learning BIM. They complained 
about not having enough time to learn 
the tool and to follow up with the con-
tent of the course. Their suggestion was 
to have more courses instead of one, so 

they can ‘have more time to organize 
it all in their minds’. However, some 
students thought that they would need 
more knowledge about specific areas to 
be able to select a specific module. One 
of the students from module 1 said: ‘I 
selected the design module because I 
think the design is the most important 
for architects. But later, I think maybe 
it was better if I took the module 2 be-
cause I would learn the tool better.’

Furthermore, they had difficulty in 
understanding the meaning of most 
performance parameters, numeric 
values produced in the software (day-
light factors, energy usage, and carbon 
footprint).  Module 1 students, who 
focused on design in the BIM environ-
ment, were unsatisfied with the lack of 
knowledge and lectures about building 
performance. A student from module 1 
said: ‘I could understand that changing 
some parameters about building can 
change the overall energy consump-
tion, for example. But I didn’t under-
stand which parameters and how to 
change them. They seem too complex 
and I think we should have separate 
courses for this.’

7.5. Collaboration and teamwork 
Although they showed relatively 

good results in individual module as-
signments, students could not demon-
strate them in collaborative project. 
They generally lacked collaborative 
experience. One of the students said: 
‘I liked the idea that we can create a 
project together as a team. But most 
of the time we worked separately, and 
later we would put it all together in the 
class.’ Although students theoretically 
understood the concept of collabora-
tion, they lacked skills to apply it. As 
one of the students observed: ‘Col-
laboration is not only about creating 
a project and saying that we worked 
together, it is a process and a way of 
thinking.’

Another student described nega-
tive collaboration experience: ‘My role 
was to organize the team and to follow 
their progress. I created the BIM exe-
cution plan, but it seems that nobody 
really took it seriously. Everybody did 
what they wanted and how they want-
ed.’ Another student also commented: 
‘This was ‘individual collaboration’, I 
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did my part for myself, the other for 
himself and then we put it altogether 
for submission.’ 

Another student from module 3 ex-
pressed disappointment about the col-
laborative experience: ‘BIM has very 
good structure and description for ev-
erything in the project. What I saw in 
the class, the documents and technol-
ogy are well organized. But this is not 
helping if people are not using it. In 
our team, nobody followed the plan. 
So why to make it if nobody will fol-
low it?’ Another student also observed 
that: ‘…collaboration is all about trust. 
You can do the job with someone you 
trust and who will stick to the sched-
ule. No technology can give you trust. 
You have to build it.’

One student observed that ’For a 
collaborative project, I think we need 
more software skills and more collab-
oration skills. Many of us don’t know 
how to use Revit very well, and at the 
same time we are not very familiar 
with how to work with others in the 
BIM project.’

These answers demonstrate the gen-
eral lack of teamwork experience and 
poor collaboration skills. This points 
to the need for more collaborative 
projects and exercises in BIM learning 
and in education in general. This also 
points to many aspects of intradisci-
plinary collaboration that should be 
learned before moving to interdisci-
plinary collaboration. For the future, 
one of the main suggestions that stu-
dents highlighted is learning to work in 
a team, designing with BIM tools, and 
learning about building performance. 
Some of the students, who used the 
skills and knowledge for projects in 
other courses, also suggested that: ‘It 
would be useful to learn more how to 
use the tools so I can apply them for 
assignments in other courses.’ Another 
student also suggested making a con-
nection with the design studio, so they 
can use what they learn in BIM course 
for the design project.  

A summary of representative stu-
dents’ comments on the main themes 
is presented in Table 1.

8. What have we learned?
The BIM learning scenario proposed 

and tested in this study represents an 
approach to introducing BIM to archi-
tecture students who are new to BIM 
concepts and tools. The goal was to 
introduce students with the main prin-
ciples and demonstrate its importance 
in practice and contemporary design 
project. It also aimed to provide the 
foundation for learning and develop-
ment of self-learning skills in the fu-
ture education and practice. Although 
every student is individual and differ-
ent, having his/her own learning pat-
terns, whose exploration is beyond the 
scope of this study, there are common 
patterns and conclusions that could be 
drawn from this study. 

The hybrid model proposed in this 
study is a step towards creating a new 
culture  that merged professional ex-
pertise and experience with pedagog-
ical methods and technology based 
learning environments. This propo-
sition emphasizes the role of univer-
sity education to provide guidelines 
on ‘learning to learn’. It also well ac-
commodates the real-life dimension 
of BIM extracted from professional 

Table 1. Comments from students on 
the course main aspects.
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practice. Students become responsible 
for determining the dynamics of their 
self-learning process which extends 
beyond the boundaries of classroom 
unit. Seeing architectural practice and 
education as partners in teaching BIM 
is beneficial in multiple ways. Involve-
ment of practice not only influenced 
positively on student learning pro-
cesses during the course and increased 
their interest and motivation to learn 
BIM, but also motivated them to ex-
plore BIM further. 

Having practice mentors involved 
in introducing BIM concepts and ex-
plaining their application in real-life 
BIM case improves students’ under-
standing of BIM and gives them con-
fidence that they are learning skills re-
quired in today’s practice. In addition, 
the use of real projects makes educa-
tional exercises much more meaning-
ful. Students understand and adopt 
new BIM concepts more easily when 
their meaning and application in re-
al-life examples are demonstrated to 
them. They also gained more knowl-
edge about what happens after the de-
sign stage and improved understand-
ing of the development of building 
projects as an interdisciplinary activity. 
Using real-life examples also allowed 
exposure to different tasks and roles in 
a project which helped students reveal 
their different interests in various BIM 
areas. BIM concepts and tools should 
be explained in parallel, having one 
part of the course explaining a theo-
retical concept and the other part its 
application on a specific task. Since all 
BIM concepts are essentially practical, 
for students to understand them, each 
learning unit should involve combi-
nation of theory and hands-on appli-
cation, mind and hand. To make BIM 
learning more meaningful for archi-
tectural student, the clear relationships 
with architectural knowledge should 
continuously be made.  Theory is im-
portant but should not dominate and 
give space to practical examples.

The complexity of BIM concepts and 
tools makes it difficult for students to 
grasp, particularly for beginner learn-
ers. Too much content leads to conges-
tion and inability to understand and 
apply the knowledge on required task. 
While some architecture students have 

more interest in design, others have in-
terest in technology or in organization 
of design projects.  New content should 
be carefully introduced to avoid con-
gestions with too much new informa-
tion and complex tools. The division 
of BIM content into learner-defined 
modules, smaller chunks and more fo-
cused topics, which a student can grasp 
are more effective way of learning then 
having all students learn everything to-
gether. However, the relationship with 
the overall BIM concept has to be con-
tinuously emphasized. Although the 
areas were divided, there is still a sub-
stantial amount of overlap and interac-
tion, among all three of these areas. 

This example also emphasized col-
laboration and teamwork in which 
student-to-student relationship was 
specifically important. One of the main 
goals of the collaborative project was to 
experience different aspects of collab-
oration such as trust, team building, 
role, and responsibilities distribution.  
However, the negative experiences 
of students in teamwork showed that 
none of these aspects is sufficiently 
developed in architectural education. 
This indicates the necessity for more 
collaborative projects and exercises in 
BIM learning and in architectural ed-
ucation in general. This also points to 
many aspects of intradisciplinary col-
laboration that should be learned be-
fore moving to interdisciplinary collab-
oration. Using the top-down approach 
of the case method, in which the whole 
finished building is presented first, also 
demonstrated the need for interdisci-
plinary approach as well as building as 
a system of related parts that are cre-
ated through the efforts of different 
professionals and disciplines. Teaching 
the skills and knowledge required for 
developing such models points to the 
need for interdisciplinary approach 
in architecture, engineering and con-
struction education. However, this 
study showed that before interacting 
with others, students should be aware 
of their own disciplinary roles and re-
sponsibilities (intradisciplinary). The 
condicio sine qua non for collabora-
tion with others disciplines is learning 
to collaborate within one discipline.  

Using clear, understandable, high 
quality and up to date resources and 
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software tutorials are invaluable sup-
plements to in-class learning and rep-
resent complementary component of 
BIM-related classes. Apart from using 
external resources such as global web-
sites and links of certified institutes, 
companies, organizations related to 
BIM research and application, it is also 
necessary to produce in-house resourc-
es, such as special purpose video tuto-
rials. Using these resources, students 
learned where to find specific informa-
tion according to their interests, how to 
properly use them and how to develop 
their learning based on self-defined 
dynamics. This provided the founda-
tion for student’s development of BIM 
knowledge and skills in the future 
which is important for following up 
the continuous technological develop-
ments. Moreover, the use of video tuto-
rials has, in particular, helped students 
to acquire the practical BIM skills by 
self-learning. The in-class time could 
be used for discussing the advanced is-
sues and real-life aspects that students 
cannot learn on their own. The impact 
of self-learning was significant, both in 
terms of the quality of the results and 
the level of student engagement and 
commitment to their own self-selected 
definitions of success. 

9. Future development 
The learning scenario proposed in 

this study concentrated on the intro-
duction of BIM in architectural curric-
ula. This is an open-ended proposition, 
leaving space for further development. 
The question for future research is: 
‘How to advance BIM in architectural 
curricula’? One of the opportunities for 
advancement is through the establish-
ment of relationship with other courses 
in architectural as well as in curricula 
of related disciplines. To support the 
curricula development there need to 
be knowledgeable teachers, a body of 
research and reference material and 
the appropriate environment in which 
to learn. As BIM has recently gained 
popularity among architecture edu-
cators, many teachers do not have the 
required level of theoretical knowledge 
or practical design project experience 
to teach BIM. Creating an informa-
tion-rich virtual model of a building 
requires much more knowledge than 

architecture teachers currently teach. 
Therefore, along with planning edu-
cation for students, educating faculty 
is essential for development of BIM in 
architectural curricula. Another way 
for advancement is through develop-
ment of models for collaboration be-
tween practice and education. Archi-
tectural education is practice-oriented 
and needs to look to the advancements 
from practice as a source for teach-
ing. Future research efforts should de-
velop the ways to make practice and 
collaborative teaching integral part 
of university education in BIM adop-
tion process. Finally, BIM is complex 
and evolving concept. Trends in hu-
man-computer interaction (HCI), aug-
mented reality (AR), cloud computing 
and generative design, continually and 
rapidly influence the evolution of BIM. 
The new opportunities they create for 
architectural design practice and edu-
cation should be investigated in future 
research.  

No single approach to BIM inclusion 
in architectural education will suffice. 
Each academic program is different. 
The important task still remains for 
the future: educators and practitioners 
from architecture and related fields, re-
searchers, institutes and governmental 
bodies should collaboratively approach 
to the development of a new educa-
tional paradigm in which BIM will 
have the central role.  
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