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Abstract

The implementation rate of Building Information
Modeling (BIM) in the construction industry remains low,
especially in Small and Medium Enterprises (SMEs).
Hence, many institutions offer BIM courses for further
education focusing on civil engineering and architecture.
However, professional on-the-job training for
mechanical, electrical and plumbing (MEP) systems is
rare. Therefore, a didactic concept is developed in the
research project BIMAWARD based on the T-shaped
model to train SMEs in simulation and BIM. The project
aims to highlight the benefits and strategies of BIM
applications in different project lifecycle phases by real
use cases to establish knowledge transfer and digital
skills.

Introduction

Integrating MEP systems is an essential factor for project
success in complex buildings (Boktor et al., 2014) and
ensure the thermal comfort quality in indoor
environments (Larsen, 2011). Digitalization plays a
central role in improving MEP installation productivity
(Wu et al., 2022) and reducing energy consumption in
residential and commercial buildings (IEA, 2017). BIM is
a crucial technology that enables the digital transition in
modern architecture, engineering, construction and
operation (AECO). BIM adoption in the AECO is an
essential factor in encouraging the digitalization process.
(Casini, 2022)

Moreover, the BIM adoption rate depends on the
company size. For instance, mainly large companies with
more than 250 employees have more capacities for BIM
implementation (Vidalakis et al., 2019) and generate
benefits from using BIM very fast (Charefet al., 2019). In
Europe, a rate of lower than 1% corresponds to large
companies, which perform 21% of the economic value
creation in the construction industry. On the other hand,
most companies are composed of micro, small and
medium-sized enterprises. More than 90% of SMEs have
less than ten employees and provide 39% of economic
value creation. (Casini, 2022) Vidalakis et al. (2019)
pointed out that in the United Kingdom, the BIM adoption
of SMEs is slow going forward in small steps though
many SMEs are interested in digitalization and have a
basic understanding of BIM-related concepts. This
observation is similar to the findings of the recent report
by the European Construction Sector Observatory for
Austria (ECSO, 2021). The BIM adoption rate remains
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low. Only 20% of the SMEs in Austria are working with
BIM.

However, there is a growing gap in BIM adoption
between large companies and SMEs in Europe, leading to

heterogenous maturity in the construction sector.
Consequently, for BIM late-comers, the digital
collaboration between Stakeholders will become

challenging and affect the competitive power for cross-
border projects. Furthermore, it has an impact on the
economy of the European Union construction market.
(Charef et al., 219) The most critical factors for BIM
adoption are the high costs and the lack of personnel
training skills for digital competence (Charef et al., 2019;
Vidalakis et al., 2019; Tagliabue & Yitmen, 2022)
Sategna et al. (2019) outlined that SMEs have a great
potential to close the gap quickly by ad-hoc training,
because they are flexible in changing their strategies in
using digital technologies.

Many BIM courses are offered in the area of architecture,
construction engineering and management at universities
(Chihib et al., 2019) and tertiary education (Chegu
Badrinath et al., 2016). The analysis of BIM training
courses in Austria for further education reveals that on the
job trainings for MEP engineering is rarely provided.
Consequently, there is a need of implementation strategies
for demonstrating the benefits of BIM in combination
with digital technologies, especially for SMEs in the field
of MEP. These findings are carried out in the research
project BIMAWARD.

For this purpose, a concept for BIM training in further
education is developed to provide SMEs in the MEP
domain with digital technologies based on BIM. This
paper presents the current status of SMEs in BIMAWARD
and the design of the training concept based on the T-
shaped model. Moreover, the content of the individual
courses and the didactic concept are described. Finally,
the presented approach and the results are interpreted in
the discussion.

BIM status of SMEs

Overall, 12 institutions are members of the research
project BIMAWARD. The University of Applied Sciences
Burgenland and AEE Institute for Sustainable
Technologies represent the academic institutions. The
other ten project members are companies in the
construction industry. Figure 1 shows the constitution of
the companies and their sphere of practice. The
predominant part of the enterprises is the MEP design and
installation field, with five involved companies. Also, the
next large group includes three consultants in building



physics and energy consulting. One stakeholder in
architecture and a client is vital for dealing with
interdisciplinary issues in BIM. All the companies
representing SMEs, 60% of which are small companies
with less than 50 employees. The remaining 40% have
less than 250 employees and correspond to medium-sized
companies. An allocation of 20 people from each
company is planned for the training modules.

= MEP engineering
= Consultants (energy and building physics )

= MEP installation

>

Client and Operator

= Architect

Figure 1: Constitution of the participating companies

All of the involved companies have a vested interest in
BIM. Most of them are already using BIM, while others
have planned to implement BIM in their enterprise in the
near future. At the beginning of the project, a small survey
questionnaire was prepared to outline the level of digital
maturity and actual BIM usage at the company level. One
question was presented to evaluate how the companies
employ BIM practices. Furthermore, the application of
further dimensions in BIM (4D, 5D), advanced
technologies (e.g. reality capturing) and BIM-based
energy simulation was part of the query. The results are
shown in Figure 2. It shows that most SMEs use BIM in
planning for dimensioning MEP systems and 3D
modelling. Some of them use BIM for energy simulation
and bidding and contract award from time to time. Only
one company uses advanced technologies like laser
scanning in practice. None of the companies is dealing
with 4D BIM and hardly 5D BIM.

Reality capturing (e.g. laser scanning etc.) _!
(Energy-)Simulation. optimization. analyze etc. [
5D BIM (cost budgeting. quantity takeoft etc.) _
4D BIM (scheduling, logistic, prefabrication etc.) _
Bidding and award of contract [

Planning (dimensioning. modeling etc.) _

0 2 + 6 8 10
®None ®Seldom = Often
Figure 2: BIM applications and digital technologies used in
practice

Another question was asking for their current software
use. This question is important for academic institutions
for developing BIM-based workflows and data transfer
for use cases. In Figure 3 the results of this question are
illustrated. A large number of 70% of the SMEs use
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software of Trimble (Nova), and nearly half of the
companies use Autodesk (Revit). An interesting outcome
of this survey is, that all companies in the MEP domain
are using Trimble. Furthermore, two of the three
consultants use this software tool. Another essential is that
three of the five MEP companies also have Trimble Nova
and Autodesk Revit. For 3D modelling, the consultants
use different software tools like BricsCAD BIM or
SketchUp. Most of the consultants use IDA ICE for
energy simulation and one of the MEP planers. The Client
and Operator utilize ArchiCAD software to collaborate on
BIM projects.
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Figure 3: BIM Software usage in companies

In conclusion, the results show that the potential of a
higher dimension of BIM and advanced technologies is
currently not fully exploited. For that reason, it is
important for the design of the educational concept to
point out the benefits of advanced digital technologies and
to create strategies for practical implementation.

BIM Education with T-shaped model

Finding an adequate mix of theory and practice for BIM
teaching and learning is challenging in BIM education.
(Puolitaival & Forsythe, 2016) Furthermore, it is an
opportunity for innovation in education and a promising
approach to restructuring traditional education models.
(Saviano et al., 2016) For example, Martek et al. (2022)
established a concept for education called the T-shaped
BIM professionals. Many researchers in various domain
disciplines refer to the T-shaped model for improving and
attracting educational programs. Pedagogical approaches
to BIM teaching and learning based on the T-shaped
model in education are described in these publications.

The T-shaped model concept for BIM education is shown
in Figure 4. It is inspired by the studies of Saviano et al.
(2016) and Martek et al. (2022) and considers the typical
characteristics of horizontal and vertical education
pedagogy of the T-shaped form. The basic principle of
choosing the T-shaped model is to follow an established
standard in education. In this case, the Bloom Taxonomy
fundamentals are integral to the T-shaped model. Another
important aspect is to consider open BIM and



buildingSMART standards for BIM certification (e.g.
BIMcert foundation) and supporting information delivery
methods like Use Case Management (UCM). In the
following, the design of the T-shaped model for further
education in BIM and MEP engineering is explained.
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Figure 4: Concept of a T-shaped model for BIM and MEP

The vertical bar represents the depth of knowledge.
Fundamental basics include BIM and Simulation topics
related to MEP. Simulation methods are important for
decision support throughout MEP systems in entire
lifecycle. The focus is primary on energy simulation in
combination with BIM models. Different workflows with
the software tool IDA ICE, based on the import of
Industry Foundation Classes (IFC), are exercised to
optimize the energy performance on a digital prototype.

Furthermore, the simulation methodology is relevant for
digital technologies e.g. MEP installation with 4D BIM or
predictive maintenance in facility management. The BIM
basics content refers to the curriculum of the international
buildingSMART professional program according to the
foundation level. Typical scope of the BIM basics are e.g.
open data formats, BIM processes, terms and definitions
etc. After course completion, the participants can take an
exam for Professional Certification at the foundation
level.

The horizontal bar represents the breadth of knowledge
and comprises the acquired knowledge in BIM and
simulation. An educational objective of the horizontal bar
is to create and demonstrate the benefits of using digital
technologies across different domains. Therefore,
implementation strategies are developed and utilized with
hands-on training in practical use cases. For this purpose,
the horizontal bar is divided into three elements and
comes up with a three steps approach that follows a
sequential order. First, it starts with introducing digital
technology, e.g. Laser scanning. The second step, process
models are used to describe requirements and
implementation workflows. For example, what are the
requirements for using Laser scanning in terms of
application  possibilities, measurement  accuracy,
commercial software tools and platforms supporting the
registration process etc. For referring to an established
standard in BIM, the graphical language Business Process
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Model and Notation (BPMN) is used for describing these
processes. The companies can use the process model as a
workflow management guideline or compare their actual
workflow. In the last step, the digital technology is tested
on real use cases. Participants have the opportunity to
come up with practical use cases for demonstration. For
instance, if there is a need for reality capturing in an
ongoing project, they can bring it into the project. The
UCM methodology is a supporting instrument to transfer
the developed process model into an actual application.
Two use cases in this project are provided to the
international UCM service platform to show best practice
applications and make them accessible for other SMEs in
this field. This final step enables the participants to reflect
on their experiences as lessons learned and to evaluate if
the introduced digital technology is relevant to their field
of application.

This explained design of the T-shaped model is a generic
approach for teaching skills in BIM and simulation. It is
also transferable to other domain disciplines in
construction. For instance, the vertical bar in structural
engineering can include BIM and stress calculation by
using computer modelling simulation methods. In the
horizontal bar, camera drones with computer vision
capability can be considered as digital technology.
Furthermore, process models and UCM can support the
use case of detecting cracks in concrete.

Modules and didactic utilization

Overview of the training modules and description

Based on the T-shaped model, ten training modules are
developed for teaching SMEs in the BIM4WARD project.
At the beginning of the project, each company was asked
about their knowledge demands. This survey ensures that
the needs of the involved SMEs are considered when
developing the content of the modules. Furthermore, the
content addresses specific and interesting topics in the
entire lifecycle corresponding to the planning,
construction and operating phase of buildings. The
training modules deal with digital basics and advanced-
level technologies. Digital basics focus on methods and
technologies, which are widely used and established in
practice. Advanced level technologies regarding
promising technologies already offered, but due to their
investing costs and complexity hardly used in the
construction field.

According to the three primary project lifecycle phases in
construction, the training schedule is divided into three
semesters. Figure 5 illustrates an overview of the training
modules in each semester and the module title. The
academic institutions are preparing the content for the
modules and act as training providers in this project. The
workload and responsibilities between the academic
institutions are shared and colour-coded marked for each
module, as shown in Figure 5.

Another essential point is the integration of gamification
strategies as an instrument in education. With



gamification, a positive impact on motivation and
learning outcomes is expected for the trained participants.
Three modules consider playful learning approaches such
as mini challenges or solution optimization.

After each semester, the participants experience is
evaluated, and the expectation for the upcoming semester
is documented. The evaluation process results are
considered in the education plan, and the feedback will
help to do revisions. In the following, the main aspects of
each module are described.
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Figure 5: Overview of the training modules and module title
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Most of the modules take part in the first semester, focus
on topics related to the design phase. In the beginning,
digital basics in BIM and simulation methods are taught,
referring to the vertical bar of the T-shaped model. As a
consequence, this is a compulsory module for all training
participants. All the other modules outline advanced-level
technologies and refer to the horizontal bar of the T-
shaped model. In BIMdesigndHVAC the potential of
parametric design approaches for optimizing the heating,
ventilation and air conditioning systems (HVAC) are
demonstrated. Energy performance simulations are
realized in BIM2SIM with the software tool IDA ICE,
based on open BIM workflows by using the IFC data
format for data exchange. Furthermore, accurate energy
monitoring data are taken for verification. This approach
is regarding the distinct parts of a digital twin, where
virtual models (e.g. BIM model) and physical objects (e.g.
monitoring data) are connected. The subject matter of
Building Design Simulation is BIM-based energy
simulation in early design phases for decision support.

The central theme of the next semester is the realization
and installation of MEP equipment. In order to improve
the productivity of MEP installation in the field, the
potential and benefits of the Internet of Things (IoT)
technologies in combination with BIM are explained. For
that reason, the module BIM2field addresses topics like
modular prefabrication, lean to BIM approaches,
scheduling of MEP installation (4D BIM) and real-time
communication based on open BIM, e.g. Building
Collaboration Format (BCF). Coordination and logistic
management are a central part of BIM4Site. Various
opportunities for progress monitoring with BIM and IoT
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devices are investigated, e.g. tracking and tracing based
on Radio-Frequency Identification (RFID) sensors.
Comparing Key Performance Indicators (KPI) from the
BIM planning (e.g. building passports, heat and cooling
load calculations etc.) with actual energy monitoring data
is a central part of the module 4D BIM™ Energy
monitoring. Therefore, linked data methods are tested in
real use cases to merge KPIs from the heterogenous data
source and get feedback of the current energy
performance.

The last semester focuses on building operation and
maintenance, representing the longest period in the
project lifecycle of a building. Digitalizing facility
management (FM) based on BIM and simulation enables
resource efficiency in material use and energy
consumption. Retrofit — As-built documentation —
overviews reality-capturing methods with laser scanning
to support the as-built documentation process in FM.
Different scan-to-BIM technologies are tested in the field
to capture information of MEP systems for FM
application, e.g. location of MEP components. Real-time
data transfer for automated fault detection and predictive
maintenance based on the digital twin approach is a
subject matter of the corresponding module title. In 7D
BIM energy management, workflows for BIM-based
energy management are developed with the training
participants. The objective of this module is to link BIM
models with tools for energy analysis.

Didactical concept by considering learning types

The constitution of the training participants in this project
is heterogeneous. SMEs work in different domains (e.g.
architecture, building physics, MEP) and act in different
project lifecycle phases, e.g. planning, installation and
maintenance. Furthermore, they serve in diverse roles in
a construction project like, an investor, project leader,
consultant, operator etc. Another important aspect is
diversity related to age, practical experience, education
and knowledge background in BIM and simulation. To
deal with this initial situation, we refer to Kolb, A.D.
(1981) for the didactical concept. He identified four basic
learning styles in his publication and developed a four-
stage learning model to consider individual learning
characteristics. Figure 6 shows the learning model of the
four learning style types according to Kolb, A.D. (1984).

Subsequently, it describes how the introduced design of
the T-shaped model supports and ensures a positive
impact on all the different learning styles.

The learning process starts with a virtual BIM model as
an abstract concept of a building and its MEP systems.
The BIM model provides the information for further
applications in real use cases to realize active
experimentation, e.g. case studies for energy simulation.
It is the training participants task to find optimal
conditions and limits. These activities should engage the
converging learning type for solving problems and
actively experimenting. Integrating digital technologies
for ToT, laser scanning, fault detection etc., and testing it



in practical use cases supports the concrete experience.
These are practices which are preferred by the
accommodator learning type.

For reflecting and observing results of simulations or
discuss the usage of advanced technologies, workshops,
and discussions are essential to all modules. Especially,
the diverger learning type will derive benefits of that kind
of teaching setting. Furthermore, the integration of
extended reality applications will help this learning type
to get a real feeling of using such technologies. The last-
mentioned learning type, assimilator, will draw
advantages of using process modeling to create guidelines
and theories for using advanced technologies in his

domain area.
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Figure 6: Characteristics of the four basic learning types

BIM plays a central role in the didactical concept in
teaching and learning. The digital education environment
is built on the principles of the BIM methodology.
BIM4WARD is not training a special software tool for
BIM. A required level of software knowledge can be
assumed because the survey's results, in the beginning,
showed that all participants use BIM tools. The main
contribution of BIMAWARD is the SMEs training to
establish BIM skills to improve digital competence.
However, knowledge transfer is realized with lectures to
give theoretical inputs. Also, interdisciplinary teamwork
for exercising small project work corresponds to handling
BIM projects and improves skills like information
coordination and collaboration. Considering the SMEs
job-related working load and limited time resources, some
modules are exercised with blended-learning or hybrid-
learning approaches to have more flexibility. Moreover,
to make access to each module's content easier for the
qualified participants.

A short description of the content gives the trainees a
guideline for what they should prepare. Also,
organizational aspects can be considered, like media for
communication or relevant materials for teaching.
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Another advantage is that the companies get a preview of
what to expect, and learning targets are the basics for the
evaluation process. Furthermore, learning targets are
defined for each training module to support the planning
process for the academic institutions.

Discussion and future work

The survey results of BIM in practice showed that the
involved SMEs want to use BIM in the near future or use
BIM mainly for dimensioning and modelling. Hence,
there is a basic understanding of working with BIM
software tools and the predominant software used in BIM
of MEP is Trimble Nova. This finding contrasts Boktor et
al. (2014), who established that mainly Autodesk
products, e.g. Revit MEP, dominate the market in the
MEP sector. Hence, there is a big difference in software
used in the MEP sector for BIM between European
countries like Austria and North America, as mentioned
in Boktor et al. (2014). An interesting finding of the
survey is that most MEP companies have more than one
software for BIM modelling. This factor suggests that
these companies are prepared for various opportunities to
handle BIM projects with different data formats. In the
same way, investment cost for software infrastructure is
rising, and employees are struggling with heterogenous
software skills.

The low rate of utilizing advanced digital technologies or
higher dimensions of BIM in the companies indicates the
need to develop training concepts for further education to
demonstrate benefits on practical use cases and create
implementation strategies to support SMEs. This finding
is similar to Vidalakis et al. (2019) and Wu et al. (2022),
who especially distinguished productivity improvement
with BIM in MEP. Therefore, the design of BIM
education with a T-shaped model was presented to outline
new approaches for attracting teaching and learning
concepts in further education. The T-shaped model in this
training concept for SMEs was chosen to gain
interdisciplinary skills of BIM and simulation for
stakeholders working in different engineering disciplines.
Moreover, the individual training modules deal with
interdisciplinary topics and the T-shaped model approach
supports the achievement of the learning objectives due to
previous findings in Van den Beemt et al. (2020) and
Oskam (2009). Another reason is that the industry needs
employees with T-shaped competence to have a broad
understanding of different technologies (Conley et al.,
2017). Furthermore, using the T-shaped model approach
for BIM teaching confirms to previous papers (Turk &
Isteni¢ Star¢i¢ 2020; Martek et al., 2022). Alternative
approaches of pedagogical concepts for BIM in higher
education are Integrated Design and Delivery Solution
(IDDS), the Technological Pedagogical Content
Knowledge (TPACK) and Trinity of BIM (BIM3P) that
are described in Hjelseth (2017).

However, BIM education is a well-documented topic as
described in the BIM handbook (Sacks et al., 2018) or in
the literature review paper of Chegu Badrinath et al.



(2016). Several studies, for instance Sacks & Pikas (2013)
and Guo et al. (2022), analyzed the gap between BIM
education and the industry requirements in practice and
therefore, they suggested conceptual frameworks for BIM
education. One of the gaps between universities and
practice is the area of BIM processes related to
information requirements exchange and to specify the
level of details. (Sacks & Pikas, 2013) In BIM practice it
is crucial to understand the processes and workflows
(Sacks & Pikas, 2013; Hjelseth, 2017; Guo et al., 2022).
A central part of the T-shaped model design in this work
is the process modelling element in the horizontal bar to
develop process maps for describing information flows
between different stakeholders and defining requirements
of using digital technologies in real use cases. Therefore,
we use established standards in BIM like BPMN and
UCM so that the involved participants become familiar
with these process modelling techniques and may apply it
in practice. Another gap is the difference of expectations
between the taught BIM competencies and the
requirements of the practitioners. (Sacks & Pikas, 2013;
Guo et al., 2022) To close this gap, evaluation workshops
are held at the end of each semester to get feedback of the
participants and to make a workshop with them to
describe their needs and expectations related to the
modules of the next semester. With this proactive
approach, the participants have the opportunity to bring
their ideas and requirements into the teaching content of
each module.

The research project BIMAWARD is an opportunity for
academic institutions to test and evaluate this training
concept before transferring it into the curriculum. On the
other hand, the involved SMEs can improve their digital
maturity level and analyze digital technologies in an
educational environment. Moreover, the presented BIM
education concept is a chance to promote MEP in BIM
and international education standards.

In the next step, the T-shaped model and didactical
concept is proved and tested in the first semester. A
challenging task will be the digital competence evaluation
of the participants. Therefore, we pay attention to various
evaluation tools for analyzing the maturity level and
benefits of BIM, which are reported in Kassem et al.
(2020) and other approaches like the Unitec framework
for professional knowledge evaluation mentioned in
Puolitaival & Forsythe (2016).

Conclusion

This paper presented a BIM training concept for further
education focusing on MEP and simulation methods. An
insight into the current status of BIM usage and the level
of digital maturity of SMEs in Austria was provided. The
result outlined that SMEs in the MEP sector primarily
work with Trimble Nova, and most SMEs have more than
one BIM software tool. Moreover, this paper explained
the design of the T-shaped model as a generic approach.
The vertical bar deals with teaching skills in BIM and
simulation. The teaching of BIM skills is the base for
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other digital technologies. Built on this basement, the
horizontal bar part shows implementation strategies and
benefits of digital technologies in practical use cases. The
design considers open BIM standards and enables project
participants' certification in the buildingSMART
professional program. The teaching modules focus on
promising advanced technologies in the construction
industry throughout the entire project lifecycle.

Furthermore, gamification elements are integral to the
didactical concept to increase learning outcomes and
motivation. All these aspects should support and ensure a
positive impact on all the different learning styles.
However, providing attractive education concepts for
further education is a critical factor for bridging the gap in
the BIM adoption rate in the SME sector and improving
digital competence.
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