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The paper presents a critical evaluation of the latest achievements in Building
Information Modelling (BIM) implementation in academia, based on its adoption
in Architecture curriculum at Lodz University of Technology, Poland. It reflects
upon a significant shift in architectural practice which is strongly influencing
ongoing modernization of higher education curricula. Furthermore, it undertakes
the challenge to answer one of the main eCAADe2019 questions, viz.: ~‘What is
the impact of new technologies in architectural education and practice, and, what
are the emerging opportunities and main threats to our discipline?" It contributes
to the discussion on the place of BIM in academia - the controversial topic that
still needs to be explored and debated to receive a comprehensive feedback and

wider publicity.
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INTRODUCTION

The age of the 4th Industrial Revolution is profoundly
shaped by the pace of change in information tech-
nologies that is accelerating, changing the way peo-
ple interact with the world, communicate and func-
tion. Furthermore, the impact of digital tools on
everyday life is so immense that it significantly af-
fects the methods of work, production and processes.
Digital technologies are at the core of the emerging
paradigm what can be also observed in architecture
and built environment domain. There is no doubt
they are determining their position and role in the
Architecture, Engineering and Construction (AEC) in-
dustry in the age of the 4th Industrial Revolution. The
possibilities are growing and differentiating in times
of prosumer dominance. It is worth noting that the
terms “prosumer” and “prosumption” are not new. In
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the 1980 book, The Third Wave, futurologist Alvin Tof-
fler coined the term “prosumer” when he predicted
that the role of producers and consumers would be-
gin to blur and merge (Toffler 1980). Furthermore, in
his early works, dated as early as 1970, Toffler focused
on technology and its impact, which he termed “in-
formation overload” and “too much change in too
short period of time” (Toffler 1970). Now, fifty years
later, these futuristic predictions have occurred to be
present in many domains, including AEC sector and,
in particular, Building Information Modelling (BIM)
processes being a focus of this paper.



OBJECTIVES, STRUCTURE AND METHOD-
OLOGY

The purpose of this paper is to provide a critical
evaluation of the latest achievements in Building In-
formation Modelling implementation in academia
based on its adoption in Architecture curriculum
at Lodz University of Technology, Poland. It re-
flects upon a significant shift in architectural prac-
tice which is strongly influencing ongoing modern-
ization of higher education curricula. Furthermore,
it undertakes the challenge to answer one of the
main eCAADe2019 questions, viz.: “What is the im-
pact of new technologies in architectural education
and practice, and, what are the emerging opportuni-
ties and main threats to our discipline?” It contributes
to the discussion on the place of BIM in academia -
the controversial topic that still needs to be explored
and debated to receive a comprehensive feedback
and wider publicity.

It starts with an overview of a wider context of
BIM in AEC sector and examples of the latest projects
and publications on practical adoption of BIM, with
a special focus on academia. It is followed by a brief
presentation of work progress on a BIM standard in
Poland. Then, the technological shift in academic
curriculum at Bachelor and Master levels at Lodz Uni-
versity of Technology and the outcomes of the lat-
est phase of BIM implementation are described and
analysed. The new syllabus is explained and evalu-
ated based on recently conducted courses. The pa-
per concludes with discussing successes and draw-
backs and formulates lessons for the future.

The methodological approach taken in this study
is a mixed methodology based on literature review,
reflected by selected references presented in the fol-
lowing paragraphs, concluded surveys (Kepczynska-
Walczak 2018), interviews conducted by the author
of this paper in local architectural practices, and fi-
nally, past experience in teaching BIM (Kepczynska-
Walczak 2016) and present involvement in introduc-
ing multi-disciplinary and multi-actors work environ-
ment in BIM in the form of a novel BIM course in aca-
demic curriculum.

CONTEXT

To understand main objectives of this study, a wider
context of BIM in AEC sector, where BIM has started
to play a key role in shifting the industry, must be
highlighted for the reason that according to Euro-
pean Union statistics the construction sector in Eu-
rope has been assessed as the second to last (sic!) in
information technologies advancement and digitisa-
tion [1]. Therefore, BIM is assumed as an emerging
technological and procedural shift within the Archi-
tecture, Engineering and Construction (AEC) industry
and its adoption has increased significantly over the
last few years. To some extends, it is an effect of var-
ious policy actions undertaken by many countries to
encourage BIM diffusion. This might be exemplified
by the European Parliament Directive of 2014 recom-
mending that member States of the European Union
may require the use of specific electronic tools, such
as of building information electronic modelling tools
or similar, for public works contracts and design con-
tests (DIRECTIVE 2014/25/EU OF THE EUROPEAN PAR-
LIAMENT AND OF THE COUNCIL of 26 February 2014
on procurement by entities operating in the water,
energy, transport and postal services sectors and re-
pealing Directive 2004/17/EC) [2].

A considerable literature has grown up around
the theme of BIM. The applications of BIM have been
researched and published for more than a decade
now. Nonetheless, the topic is still high on agenda
since the implementation process has not been ac-
complished or even started in many countries yet.
The definite European leaders in this regard are the
UK and Denmark. “With over a decade of experience,
Denmark has become one of the European leaders
in terms of BIM implementation. In 2016, 78% of
Danish design companies were aware of BIM and
used it to produce 3D visualisation, carry out perfor-
mance analysis on BIM and perform clash detection.
Over 30% have passed on models to those responsi-
ble for the Facility Management of buildings, show-
ing that BIM implementation also concerns opera-
tion and maintenance phases of construction (and
not only the design phase)” [3].
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However, European countries present diverse
state of art in BIM adoption. According to a re-
cent report on situation in France, published in 2018
(Hochscheid and Halin 2018), BIM struggles to be
integrated in practices of firms of the AEC sector.
What is more, it has often been noticed that “inno-
vation diffusion is slower in the AEC sector than in
other industries. In France, 93% of architecture firms
are micro enterprises. Thus, for most of them (most
of which work with AutoCAD and SketchUp), imple-
menting BIM means, first of all, changing their main
work and production tool. So, this is a significant and
deep organizational change and financial challenge”.
France is not unique in this regard. Referring to the
following data (Wallin and von Both 2017), “in Ger-
many, 90% of architectural and engineering compa-
nies employ less than 10 employees. The profit gen-
erated there is often insufficient to legally exploit the
cost-intensive BIM software solutions of IT compa-
nies. This is one reason why the BIM method is not
widespread in Germany”.

On the contrary, the R&D domain has already
appointed BIM as a shifting point in the representa-
tion, exchange, sharing and management of infor-
mation, leading AEC sector transformation towards
Industry 4.0. Among numerous advanced applica-
tions of BIM, a few examples have been chosen, viz.:
a study on a mobile BIM-based AR campus space
management system (Ji, Kim and Jun 2017), a devel-
opment of a technology related to file synchronisa-
tion and permission management in a cloud environ-
ment for BIM-based collaboration (Kim et al. 2016)
or a proposal for an ontology-based platform for BIM
semantic enrichment (Cursi, Simeone and Coraglia
2017). Regarding BIM theoretical framework, it is
worth mentioning interesting examples of Succar’s
publications on BIM maturity matrix (Succar 2009,
2016) where author, in the span of seven years, was
using the same graphical representation of his pri-
mary concept [4]. Now, ten years later, and taking
into account a dynamic change in digital technolo-
gies, the initial model is still valid.

Aiming at the main focus area of the paper, the
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state of the art in BIM implementation in Higher Edu-
cation should not be omitted. An interesting insight
into the topic was given by Kocaturk and Kiviniemi
(2013) where authors analysed and discussed chal-
lenges of integrating BIM in architectural education.
A valuable study on how to teach BIM was published
by Adamu and Thorpe (2015). According to authors,
“growing industry demand and the United Kingdom
government’s 2016 ‘BIM deadline’ have provided a
clear impetus for enhanced BIM teaching in UK HE
institutions”. In this context, the authors report on a
three-year implementation plan developedin a large
multi-disciplinary School of Civil and Building Engi-
neering in which 26 priority modules had their ex-
isting learning outcomes upgraded to meet the BIM
learning outcomes. Another case showing the shiftin
academia might be exemplified by the research on a
hybrid model of learning BIM in architecture educa-
tion, conducted by Isanovic and Colakoglu (2018).

Considering the fact that the paper focuses also
on Polish perspective of the subject area, it is nec-
essary to reflect on the situation in Poland. Follow-
ing recent report, “Poland is at an early stage of BIM
adoption. The Polish government has recently intro-
duced policies and instruments supporting BIM im-
plementation in its construction industry. The BIM
adoption rate is relatively low, with only 12% of con-
struction companies using BIM in their daily work.
They do so mainly for activities relating to visualiza-
tion, 3D models, and to a lesser extent for collision
detection and use of schedules or optimization. This
low adoption rate is partly explained by the lack of
knowledge, the absence of (systematic) BIM require-
ments in public procurement law, and the high cost
of BIM initial implementation” [3].

Being at initial stage of BIM adoption at the na-
tional level, Poland has been already involved in the
EU BIM Task Group among other twenty European
Union countries [5]. What is more, there have been
regional BIM clusters established actively promoting
OpenBIM. Despite there has been no standard devel-
oped and accepted by Polish government yet, the
work has started. There are two main strategic ac-



tions undergoing which tasks are as follows:

« To develop BIM standard for public procure-
ments named “BIM standard PL" - a com-
plete standard, after testing and pilot projects
phase, should be implemented by 2025;

+ To work out guidelines for Higher Education
Institutions in Poland on BIM implementation
in AEC courses.

Actually, the latest version of the project draft on
new standards for Architecture education in Poland
includes BIM suggested as a compulsory course.

In the light of the above, it is observed that Lodz
University of Technology is more advanced in BIM
adoption than the initiatives planned centrally. We
have been teaching BIM as a tool for almost twenty
years now, thanks to co-operation with GRAPHISOFT.
Then, considering BIM as an integral part of design
studio, the major shift in Architecture curriculum
took place six years ago. Details of this change of
paradigm can be found in the author’s paper from
2016 (Kepczynska-Walczak 2016). In spite of such ex-
perience, it is believed the topic still needs to be ex-
plored and debated, and as a result, the course pro-
gramme constantly updated. The latest implementa-
tion, that will be revealed in the following paragraphs
is a BIM integrated studio course on Master level.

CONCEPT

The idea to propose advanced integrated BIM course
on Master level in Architecture curriculum at Lodz
University of Technology is not recent. As the fun-
damentals of BIM have been taught in the Institute
of Architecture and Urban Planning at Bachelor level
for many years now, what was described explicitly in
2016 by the author, it has become timely to develop
a course on advanced level of education. The main
concept was not to merely offer tutorials on a spe-
cific BIM software but to join efforts of design studio,
building structures, HVAC and computer techniques
laboratories, to propose an integrated course involv-
ing a variety of stakeholders and forcing teamwork
and collaborative processes. The concept was elab-

orated and consulted with teachers involved in the
course programme and adjusted to the needs formu-
lated by industry. It got a final shape more than a year
ago, enabling the launch of the new course for the
firsttime in autumn 2018. The concept was not to de-
liver yet another advanced course on BIM solely but,
on the contrary, to integrate BIM into a core design
course. Furthermore, parallel courses on contempo-
rary building structures and HVAC were planned to
support integrated design studio as well. Thus, dif-
ferent specialities were included in the same learning
environment.

The course is addressed to students of the first
semester of Master studies in Architecture. Majority
of Master cycle students have completed the Bach-
elor studies in Architecture at our university. Thus,
their capabilities are expected to be fairly even as
well as prerequisites and skills. Since the issue of BIM
has been a controversial and much disputed subject
within the field of architectural education, still con-
centrating on the preferred software mainly, it has
been decided that students will learn Autodesk Revit
during this course, bearing in mind that they learnt
ArchiCAD at the Bachelor cycle. Therefore, it conveys
another learning gain preparing students for BIM-
based marketplace.

Additional to the practical part, a set of lectures
were planned to allow students to comprehend the
concept of BIM assumed as the multi-actors’ and
multi-tasks’ working environment, to learn about BIM
levels, Employer’s Information Requirements (EIR)
and both, the pre-contract and post-contract BIM Ex-
ecution Plan (BEP).

Itis worth noting that it is the first course on Mas-
ter level in Architecture in Poland offering such com-
plex and integrated BIM course for architects. Refer-
ring to the previous section on BIM adoption on na-
tional level in Poland, it is expected that BIM courses
will become an obligatory element of curricula in all
schools of Architecture in the near future. Therefore,
the presented concept, that already turned into real-
ity, can be seen as a pioneer in the context of higher
education in Poland.
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IMPLEMENTATION
There were 75 students enrolled to Master in Archi-
tecture cycle of studies. Since the integrated design
studio is compulsory, not elective, all students joined
the studio. The participants were divided into small
groups (3 persons per group) to collaborate during
design process. They were given a number of plots
in the city centre and a list of service buildings as-
signed to each plot. Each team was asked to choose a
plot from the list and each student, individually, was
to decide on the topic from the predefined sets. It
was expected each student would design one build-
ing, however in collaboration with two other col-
leagues who were to design their buildings on the
same plot. Therefore, the scenario of teamwork built
a framework for the micro-groups from the begin-
ning. Teams started their design process with mul-
tifaceted analysis of the plots. Thus, environmental
issues as well as context and local masterplan guide-
lines were taken into account. Since the plots were
situated in urban area, an access to the chosen plots
as well as a layout of a site plan had to be decided
collaboratively. In some cases the concept of a com-
mon underground carpark was considered what in-
fluenced further processes. In these cases structures
of the three buildings on one plot were strongly in-
terrelated and required careful control during design
process. Another task that required collaboration
was to model surroundings and geometry of pro-
posed buildings to check spatial and solar conditions.
The main learning outcome of the BIM part of the
course was to gain experience in working in BIM en-
vironment from the first concept of a plot arrange-
ment and architectural form of a designed building
towards the final documentation. The software cho-
sen was different to the one taught at Bachelor level,
where students had been acquainted with ArchiCAD
(GRAPHISOFT), to assure the educational offer is as
rich as possible. Thus, Autodesk Revit was chosen
for Master level in this regard. The questionnaire pro-
vided at the beginning of the semester revealed that
only 5% of students had learned Revit before, so just
few of them were not beginners. Among them one
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student only had some experience in using Revit in
practice in AEC office. However, none of them had
experience in using Dynamo, another novel element
in the course.

Tutorials on Revit were provided from the begin-
ning of the integrated course but it was observed
students did not pick the tool willingly to apply it in
design studio. Instead, many students started work-
ing on a design task using software they were fa-
miliar with. The most preferred tools in this regard
were SketchUp for modelling, AutoCAD for techni-
cal 2D drawings and ArchiCAD for both, modelling
and drawing. Some students picked Rhino to model
first concepts. Therefore, there was a need to use
IFC (Industry Foundation Classes) format to export
data to the required platform. It was the first time
students experimented with exchanging such com-
plex data between platforms. They learned the IFC
was the only open international standard for build-
ing information modelling used for sharing and ex-
changing construction and facility management data
across different software applications. Generally, tak-
ing into account various software preferences, the
idea of Open BIM was promoted throughout the
course intensively, however, it brought more draw-
backs than expected. Therefore, the intensive obser-
vations were undertaken, and both, successes and
fails were analysed.

The final assessment of the integrated design
studio based on submission and oral presentation of
the project, that was to be modelled preferably in
Revit. Additionally, teachers of building structures
and HVAC required drawings demonstrating tech-
nical solutions. As for the BIM module, it was ex-
pected micro-teams prepared common platform in
Revit showing plots’ arrangements and references to
individual files with their final designs of the service
buildings. The files were to consist of plans, sections,
elevations and animation.

Such scheme of the course forced collabora-
tive approach in design process throughout the
semester. As there were many teachers with different
specialities, students had to coordinate changes not



only in their own drawings but they had to refer also
to their groups’ common files. Thus, the proposed
scenario imitated a real work in architectural practice
and simulated the work culture in BIM.

EVALUATION AND CONCLUSIONS

This project provided an important opportunity to
advance the understanding of the work culture stu-
dents develop during their studies, though strongly
influenced by work experience in architectural offices
during their internship. It demonstrated the impact
of new technologies in architectural education and
practice, focusing on BIM in this regard, and showing
both, opportunities and threats to our discipline.

The course allowed students to explore the
multi-dimensional nature of the BIM domain and in-
troduced a knowledge tool to assist individuals, or-
ganisations and project teams to assess their BIM
capability, maturity and improve their performance.
Theoretical part of the course enabled to compre-
hend the importance and meaning of BEP in the en-
tire BIM process. The questions: who needs what,
where, why and how, started to make sense, espe-
cially when false decisions are undertaken and, in
consequence, the process has to be corrected. It was
observed BEP concept appeared relatively abstract
to students since majority of them did not have pro-
fessional experience in large companies (those are
most probably BIM-based) or on complex projects
yet. On the other hand, the reality of small and
medium companies does not allow for gaining such
know-how, what was already discussed by the author
(Kepczynska-Walczak 2018).

The formative and summative evaluations of the
new course led by the author of this paper allow to
draw significant conclusions.

First of all, despite digital technology being
present for more than twenty years in academia, the
problem of a compromise between the architect’s
design idea and the abilities of digital tools is still
present and proves that individualisation of digital
tools without the skills in programming is not reach-
able yet. It was visible in students’ design concepts

where they struggled to model imagined forms with
unfamiliar tools.

Another issue reported by participants is infor-
mation overload and "too much change in too short
period of time” what reflects futuristic predictions
published by Alvin Toffler in 1970. Furthermore, the
results of the interviews conducted by the author in
local architectural offices earlier this year reveal sim-
ilar findings. What is striking, the opinion about the
necessity of BIM implementation in daily practice is
not obvious. Many architects and constructors tend
to present even negative attitude and sum it up as
an unnecessary revolution. This indicates a need to
understand the various perceptions of BIM that exist
among professionals and affect students’ views.

There were also problems with platforms inter-
operability. Despite the promises, the Open BIM,
a standard that in theory allows maximum flexibil-
ity and a seamless collaboration among all part-
ners involved in the construction process, has ap-
peared far from what is summarised in its defini-
tion. Exporting models between different software
using IFC occurred not seamless at all, and it was
one of the major disappointments and drawbacks
in the process. Thus, it leads to a conclusion that
despite the promises of IFC, the practical interop-
erability between different BIM software is still far
from addressed. Referring to previous publications
on this topic, “the introduction of Industry Founda-
tion Classes has just made things worse. In fact, de-
spite the improvement in terms of interoperability,
the excessive use of IFC standards is resulting in a
dangerous "representation bottle-neck”, that cuts off
allthe knowledge thatis not structured or considered
in them, while the quality of the information included
in the model, its accessibility, its interpretation and fi-
nally its use, or rather the theme of the semantic en-
richment, is still only partially unexplored” (Simeone
etal. 2013).

FINAL REMARKS AND FUTURE PLANS
The new integrated design studio based on BIM has
been concluded with the lessons for the future. Stu-
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dents have learned that successful BIM adoption re-
quires a high level of collaboration among stakehold-
ers. However, the question is if it is not too early
to expect students to see the problematics holisti-
cally without prior experience in working in BIM in
architectural practice. On the other hand, the expe-
rience of internship does not bring the added value
in this regard if the office is not BIM-oriented. To sum
up, the new course acted as fundamentals for future
complex projects in BIM environment of collabora-
tive workflows and multi-software processes in AEC
practice.

These findings have significant implications for
the understanding of how to implement BIM in
higher education curricula. What is more, they con-
tribute in several ways to our understanding of teach-
ing/learning process and provide a basis for valida-
tion and improvements of the new course. There are
a number of important changes which need to be
made, starting with accumulation of technical tutori-
als at the beginning of the semester to allow students
to learn software on advanced level before they start
design process. Another crucial issue is controlling
and balancing requirements because feedback from
students revealed that not all disciplines being in-
volved in integrated design studio adopted BIM cul-
ture. As a result, only 2D drawings were required for
the final assessment as well as during design process.

There is no doubt the risk was undertaken in
this shift in curriculum. However, assuming the risk
is a requirement for innovation it might be seen as
an investment. Such approach requires long-term
and constantly revised vision. Therefore, a feedback
mechanism put in place to capture students’ experi-
ences regarding BIM has become crucial for further
development and improvements.

The next step planned is a course that will involve
students of different disciplines, not only teachers,
to enable a number of specialties that can work to-
gether to simulate the work culture with BIM.
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