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Designing a master degree program in building information modeling (BIM) using national professional
standards: a case study in Kazakhstan

Introduction

All professionals in the Architecture, Engineering & Construction (AEC) field wish for the
ability to effortlessly manage routine processes, such as generating construction documentation.
Over the past two decades, this dream has become a reality with the advent and advancement
of Building Information Modeling (BIM) technology. BIM is a computer-aided design technology
based on parametric modeling, shared data environments, 3D (and more) design, and other
features. Not only does it facilitate the creation of affordable, energy-efficient, intelligent, and
sustainable buildings, but it also propels forward the entire AEC process.

However, companies worldwide continue to face a shortage of BIM specialists. Many lack the
necessary expertise or are unable to invest in staff training due to lengthy time requirements
and high costs, particularly in countries that are in the early stages of BIM implementation,
where the return on investment may not be immediately apparent. This shortage is even more
pronounced among independent professionals seeking to acquire BIM skills on their own [1,2,3]

Becoming proficient in BIM requires a diverse range of skills and knowledge. As a result,
educational institutions face a new challenge of preparing skilled BIM specialists. Existing
literature suggests various approaches to train BIM specialists in the AEC field. These include
work-based education [4] or specialized training services [5] offered by AEC companies,
integrating BIM training as part of higher education courses [6,7] or separate online courses
[8-11], capstone modules [12], or a systematic implementation of these approaches [13].

Despite these efforts, there remains a gap between the skills acquired through education and
those in demand by industry practitioners. The complexity of BIM necessitates a vast amount
of knowledge for its comprehensive understanding and implementation. While isolated success
stories of individual courses or corporate training practices can be found in the literature [14],
such approaches may soon prove insufficient as BIM technology continues to advance, and
requirements evolve rapidly.

Therefore, universities play a critical role in addressing the need for BIM experts equipped
to tackle the modern challenges of the AEC industry. Some universities in developed countries
have already introduced postgraduate programs in this field (BIM A+, n.d.; Building Information
Modelling (BIM) in Design Construction and Operations - MSc - UWE Bristol: Courses, n.d.)
[15]. We hypothesize that universities in developing countries, such as Kazakhstan, also need
to develop curricula that cater to local characteristics and institutional requirements, thereby
accelerating BIM integration within the local sector. Recent research has demonstrated such
cases in Kazakhstan and other countries [17,18,19].

Existing studies on BIM curriculum design propose several main methods [20]: (1) product
model curricula, which analyze practical requirements of the field to allocate, classify, and
prioritize competencies systematically; (2) technology model curricula, which leverage the
latest advancements in the field [21, 22, 23]; and (3) process model curricula, which are based
on real projects requiring flexible implementation of best practices to achieve their goals.

The first method involves complex mathematical analysis and extensive social surveys, as
seen in Zhang et al., (2016) study [21]. This method is not always efficient due to the constant
evolution of BIM technology, resulting in changing requirements year after year.
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The second method may be suitable for international universities in developed countries
that aim to prepare specialists capable of working in high-end global companies, adapting and
advancing the best knowledge and skills. However, professionals often require a stronger focus
on local characteristics and requirements than on cutting-edge technologies.

The third method eliminates the need for additional surveys and offers a practical orientation,
but it is most effective when BIM technology is widely and regularly utilized, allowing students
to actively participate in real-time BIM design processes.

The current state of BIM implementation in Kazakhstan presents certain challenges that
render existing methods unsuitable. These challenges include the lack of governmental or
private funding for extensive surveys aimed at creating new BIM curricula, the presence of
a specific construction field with complex regulations and a conservative market, as well as
the limited demand for BIM [24] and consequently, the scarcity of projects that could serve
as a foundation for project-based courses [25]. Therefore, alternative methods needed to be
explored.

Amongthevarious publications on curriculum design across different disciplines, anapproach
based on professional standards has emerged [26]. Many countries develop professional
standards through trusted public, political, and social instruments, which encompass up-to-date
requirements for specific fields [27]. By utilizing these standards, the need for social surveys
can be circumvented while maintaining a strong connection with local industry practices.

In this research, we examined Kazakhstan's professional standards and devised a method
to interpret the listed BIM requirements into a multidisciplinary postgraduate program. This
method incorporates multi-criteria analysis to extract the necessary competencies and leverages
Bloom's taxonomy, applied to AEC workflow levels, to structure the program effectively. It is
a relatively straightforward method that can be regularly employed to update and align the
program with the evolving phases of BIM development. Furthermore, with minor modifications,
this method can be adapted for use in other disciplines within Kazakhstan and in countries that
utilize professional standards to develop market-oriented programs, thereby producing highly
qualified professionals.

The methodology
Standard analysis and indexation system

The methodology employed in this study is based on the analysis of Kazakhstan's professional
standards and the development of an indexation system. To provide a brief overview, the
current professional standards in Kazakhstan were established by "Atameken,” the National
Chamber of Entrepreneurs of the Republic of Kazakhstan, in 2020 [28]. These standards
cover approximately 30 fields, including "education," "services," "medicine,” and more. Each
field consists of various directions that represent specific types of professional activities. For
instance, within the "Construction" field, which is the focus of this research, there are directions
such as "Work on flooring and wall covering,” "Earthwork,” and "Insulation work." Each
direction is associated with a professional standard, which may encompass several professions
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of different qualification levels. These professions are described in "Profession Cards," and they
are identified by unique identification numbers.

For this study, only the directions related to BIM at the first level of maturity were considered
[29], namely "Architecture and urban planning” and "Development of construction projects.”" The
master's program aims to train specialists at the 6th and 7th levels of qualification, according to
the Kazakhstan national qualification framework. Consequently, only the relevant professions
were analyzed. In the aforementioned standards, these professions include Architect, AEC
Design Engineer (which is essentially an urban planning specialist), Landscape Architect,
Automated Systems Specialist, Cost Engineer, Fire Alarm Engineer, Structural Engineer, and
Senior Engineer. The requirements for these professions, as outlined in the professional
standards, will be further reviewed in this article.

Combining multiple professions into a single curriculum presents challenges for both
curriculum developers and prospective students. As Kazakhstan has embraced the Bologna
Declaration [30], we believe it is crucial not only to provide a high-quality educational
program but also to make it student-centered. Therefore, a method was devised to establish
connections between the content of the standards and the educational program, enabling a clear
understanding of the background of each discipline. To achieve this, we developed a reference
tool that links each item of the standards throughout the curriculum design process. This tool
serves as a reference for enrollees and students, illustrating the competencies they can acquire
and which professions require specific competencies.

To create the reference tool, we analyzed the structure of the "Profession Cards" and assigned
indications for each level. Figure 1 depicts the structure of the "Profession Cards," the principles
of indicating specific items at each level, and examples of merging them into a comprehensive
reference index (see Figure 1).

!
Profession Cards l» Work functions P Tasks P Skills and knowledge

. F leter and T leter and
Individual cod + : ; S or K letter and
number %%léqng'enrg ﬁ%lgwggrg counting number
2161-0-002 F2 T1 S8

Example of reference index 2161-0-002 (FZ.T1 88)

Figure 1. Structure of professional standard and reference index

The inclusion of such links can greatly enhance the transparency of the program creation
method and provide several benefits for curriculum methodologists, pedagogues involved in
program implementation, and students considering participation in the program.

By utilizing the indexation system, methodologists can easily update the program to
accommodate changes in the original professional standards. Given the rapid development
in various knowledge areas, including BIM technologies, it is likely that the professional standards
will undergo regular revisions. In such cases, methodologists can simply trace the skills from
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the program components to the content of the updated standards and make the necessary
adjustments.

Pedagogues involved in designing the program content and teaching would benefit from
understanding the ultimate objectives of each subject in the students' professional development
and the contextual relevance of those objectives by familiarizing themselves with the
corresponding parts of the standards. This understanding can significantly enhance the quality
and effectiveness of the subjects and the overall program.

Students, on the other hand, would gain valuable information about the practical professional
requirements associated with the skills they can acquire in each discipline, enabling them to
make informed choices. This provision of evidential information can boost their confidence,
motivation, and ultimately, their learning outcomes.

By incorporating these links between the program and the professional standards, the overall
program design becomes more transparent, facilitating communication between stakeholders
and improving the educational experience for all involved parties.

Classification of requirements

The subsequent step involves the classification of BIM-related requirements extracted from
the selected profession cards. Given the significance of BIM, specific attention was given to
requirements directly mentioning BIM (examples of such requirements are presented in Table
1). Atotal of 217 items were identified. Duplicate requirements were eliminated, while retaining
the original indexes as a reference list appended to each corresponding requirement (Figure 2).
These requirements will be categorized as either obligatory disciplines, if they include indexes
from the majority of professions, or elective disciplines, if they encompass indexes from only a
few professions. The resulting list comprises 126 unique requirements.

Notably, it is worth mentioning that out of the identified BIM requirements, 51 of them
originate from the "Architect” professional card, which is significantly higher compared to other
professions, indicating the prominence of BIM in the field of architecture.

Knowledge of the BIM regulatory and technical documents of the Republic of Kazakhstan
in the development and implementation of projects using BIM. 2161-0-002 F1.T1.K8, 2161-0-002
F1.T2.K72, 2161-0-002 F1.T3.K5, 2161-0-002 F2.T1.K8, 2161-0-002 F2.T2.K5, 2161-0-002
F2.T3 K5, 2161-0-002 F3.T1.K11, 2161-0-002 F3.T2.K4, 2161-0-002 F3.T3.K2, 2161-0-002
F4T1.K4, 2161-0-002 F4.T2.K6, 2161-0-002 FS5.T1.KS5, 2161-0-002 F5.T2.K5/2164-1-001
F1.T1.K9, 2164-1-001 F1.T2.K3, 2164-1-001 F3.T1.K7, 2164-1-001 F3.T2.KS, 2164-1-001 F3.T3.K3,
2164-1-001 F5.T1.K5, 2164-1-001 F5.T4.K3/2162-0-004 F2.T1.K6, 2162-0-004 F2.T2.K4, 2162-0-
004 F2.T3.K3, 2162-0-004 F3.T1.K9, 2162-0-004 F3.T2.K3/2151-2-030 F1.T1.K8, 2151-2-030
F1.T2.K4, 2151-2-030 F2.T1.K4, 2151-2-030 F2.T2.K1/2149-5-003 F1.T1.K8, 2149-5-003
F2.T1K3, 2149-5-003 F2.T3.K3, 2149-5-003 F3.T2.K3/2151-9-008 F1.T2.K4, 2151-9-008
F1.T4.K3/2144-1-003 F1.T2.K3, 2144-1-003 F1.T4.K2/1323-0-007 F1.T1.K4, 1323-0-007
F1.T2 K5, 1323-0-007 F2.T1.K3

Figure 2. Example of requirement with a list of indexes, matching the exact location
of each mentioning.
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We have considered these requirements as educational competencies, and their derivation
from professional standards ensures the necessary correlation between competencies and the
institutional context, which is crucial for designing competence-oriented curricula [31,32].

Professions at the 6th level and higher require practical experience and higher education,
including bachelor and master's degrees, according to the national qualification framework
[33]. This implies that individuals have three avenues to acquire each of the 126 competencies
mentioned in the standard: through a bachelor's program, on-the-job education, or a master's
program. Therefore, it is necessary to determine which of these 126 competencies can be
effectively learned within the framework of a master's program.

The bachelor's program primarily focuses on providing foundational professional
competencies and, in the context of Kazakhstan, may include only a brief course on BIM (such as
"Basics of BIM technology" at Satbayev University). Additionally, the proposed master's program
should also cater to specialists who graduated before any BIM competencies were included in
bachelor's level programs. Consequently, the bachelor's program option was excluded from the
analysis. The choice between practical experience and a master's program should be based on
assessing the efficiency of acquiring specific competencies in each case.

The academic learning process is well-suited for acquiring substantial theoretical
knowledge and general skills that can be applied in various professional contexts. On-the-job
education allows individuals to learn specific actions and methods directly applicable to their
current work environment without being detached from the workflow. Moreover, practical
experience provides valuable opportunities for collaboration and communication with different
specialists, clients, suppliers, and more. It also offers real-world tasks that extend beyond general
competencies. While academic institutions can implement project-based learning, enterprises
can organize courses or establish special education departments, these are individual cases and
are not reflected in this work. Therefore, the criteria for differentiating professional standards
requirements were defined as follows: potentially long duration of education, a significant
volume of information, and general-purpose usage for academic learning; and enterprise-
specific dependence, collaboration, communication, and real design process requirements for
on-the-job education.

To compare the attachment of competencies, a multicriteria analysis was utilized. This method
is widely adopted in various domains to make evidence-based decisions that consider multiple

influencing factors [34,35,36]. The applicability of the criteria was evaluated using three grades:
slight (-1), medium (0), and strong (+1). Each competence was assessed as belonging to either
the master's program or on-the-job education based on the cumulative value of the criteria.
Table 1 illustrates the assessment of competencies using the formulated criteria, taking the
first three BIM requirements from the 2161-0-002 profession card for architects as an example.
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Table 1. Multicriteria analysis sample

Index of Differentiation criteria
requirement Academic (master-program) On-work education
, :
-~
) : | =Z s
= =% < © <
= © 5 = ° =8 3
£E gz | 2 N
2 2
£E8 | 2§ = E 5 =2 5 g
G 3 S5 © 2 ) 5 5 o &
9o 20 = < = = 5 o
o ©° 5 % = i Q.
5 ° = 5 5
ks E E g7
2 £ <
< 8 =
L
2161-0-002 0 0,5 1 1,5 1 0,5 1 2,5
T1.Z1.Um2*
2161-0-002 0 0,5 1 1,5 1 1 1 3
T1.Z1.Um3**
2161-0-002 1 1 1 3 0 1 0,5 1,5
T1.Z1.Um6***

2161-0-002 T1.Z1.Um2* - Determination of the tools and methods for collecting additional data
necessary for the development of the architectural section of the project documentation or the Project
Information Model (PIM) (when developing a project using BIM).

2161-0-002 T1.Z1.Um3** - Conducting field surveys to analyse the features of the construction site
required for the development of the architectural section of the project documentation or the Project
Information Model (PIM) (when developing a project using BIM).

2161-0-002 T1.Z1.Um6*** - Analysis of design, Construction and operation of similar capital
construction projects or analysis of the Common Data Environment analogues to ensure the workflow
process between the participants in the formation of the Project Information Model (PIM) (when
developing a project using BIM).

The results of the assessment of all 126 competencies, as shown in Figure 3, enabled us
to clearly categorize them as either "Academic” or "On-work" education. The competencies
identified as "Academic” and those that obtained equal results were utilized to form the core
disciplines of the BIM in the AEC master program.
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——Academic  eeeer On-work Architect

Academic/on-work option criteria sum

Competencies indexes

Design engineer Landscape architect Automated Systems Cost Engineer
(AEC) Specialist

Fire Alarm Engineer Structural engineer (AEC) Chief designer (AEC)

8 F1.12.51
T

Figure 3. Results of multicriteria analysis for AEC professions requirements, presented in Kazakhstan
professional standards. Solid line - Academic criteria sum, dotted line - On-work education criteria sum.
Requirements presented with its individual indexes

A total of 68 competencies were categorized as "Academic," while 38 competencies were
classified as "On-work" education. Additionally, 20 positions had an equal assessment result for
both categories. Based on these findings, we selected 88 competencies to shape the disciplines
within the BIM in the AEC master program.

From competencies to disciplines

The next step is to create disciplines based on the defined components. This process involves
several challenges: grouping competencies into coherent and comprehensive content for each
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discipline, determining the sequential order of disciplines, and assessing the volume of each
discipline in terms of ECTS credits.

To guide the structure of the program and ensure a gradual increase in cognitive complexity,
we utilized Revised Bloom's Taxonomy (2001) [37]. We adapted the taxonomy to the AEC field
by mapping its six levels of cognitive learning to the types of activities commonly found in AEC
[37-40]. This provided a logical framework for combining competencies into disciplines and
establishing a sequential educational process (see Figure 4).

CREATE
CONTROL

EVALUATE PROCESSES

AND RESULTS
ANALYZE /' ANALYZE PROJECT DATA
— DEVELOP MODELS, A

DRAWINGS AND DOCUMENTS

UNDERSTAND ~ /  COMMUNICATE AND COLLABORATE
REMEMBER ~ / WORK WITH STANDARDS AND REQUIREMENTS '

Figure 4. Revised Blooms taxonomy interpreted to the regular types of activities in AEC

In order to compare our findings with international experiences, we analyzed the structure
of existing BIM programs. We reviewed programs such as Building Information Modelling and
Digital Transformation (BIM-DT) MSc at the University of Liverpool, Building Information
Modelling (BIM) in Design Construction and Operations at the University of the West of England,
and European BIM A+ MSc. We aligned the components of these programs with the levels of
cognitive learning in our proposed taxonomy (Table 2).
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Table 2. Content of existing BIM programs through proposing taxonomy levels

Level of cognitive The University of University of BIM A+
learning the West of England, Liverpool, Building European Master
Building Information Information Course
Modelling (BIM) in | Modelling and Digital
Design Construction Transformation
and Operations MSc (BIM-DT) MSc
1. Theory, Standards Construction Contract | Bim Theory, Practice Management of
and requirements Law and Tools information and
collaboration in BIM
2. Communication and Bim Implementation in | Advanced BIM data
collaboration Collaborative systems
Environments and interoperability
Virtual Environments
for Architecture
1. Developing BIM BIM in Operation and Parametric Design and | Modelling in
models and its’ Maintenance Digital Fabrication 1,2 | Architecture and
components BIM in Construction Innovative Technologies | Engineering
Operation and Methods in Parametric Modelling
Construction in BIM
2. Project data Construction Project Research Methodology | BIM-based
analysis Management Practice Bim-enabled rehabilitation and
Sustainability sustainability analysis
Thesis: Dissertation
3. Control processes BIM in Design Co- Interoperability and 4D, 5D, 6D modelling
and results ordination Design Coordination and applications
With Bim Thesis
4. Design BIM in Business and Thesis: Research By BIM Design
Practice Design
Low/Zero-Impact
Buildings

The volume of disciplines in the reviewed MSc programs ranged from 5 ECTS to 7.5 ECTS.
Considering the existing relevant courses at Satbayev University's Architecture department,
with a volume of 6 ECTS each, we took this as the base volume for new disciplines.

Groups of competencies organized by cognitive learning levels were divided into disciplines
based on educational duration and the variety of professional indexes. Competencies with
several professions' indexes were designated as obligatory and became part of obligatory
courses, while competencies with single or few professions' indexes were included in elective
courses.

The analysis of connections between competencies was visualized in a network diagram,
illustrating the relationships and strengths of requirements. Architecture competencies played a
central role in the network, and there were concentrated groups that could be considered as core
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obligatory disciplines, such as National and Corporative Requirements, Project Management,
Design Coordination, BIM Tools, Digital Survey, and Common Data Environment Management.

Manually creating the network of competencies for this research (Figure 5), we recognize the
potential for automating this process using Natural Language Processing [41]. This technology
could facilitate real-time synchronization between professional standards and educational
program content.

Architect

CDE management

\ Lands(ape ar(h

‘k\\\ Cost engineer
/" ‘\ Senior engineer
Project management
, AS specialist ‘
Project management - "
Architect Architect
BIM tools Frojectimanagement
y A engineer
i Project managemen \
[ ercen, engln 3 de \
\ M ‘

v
Archite ! / .
Corporative regulatton Archltect . / ational rPgulations
ite survey ulations Senior dngineer
7\ ationgMfagulations
fe N ial

Architect

Data presentation

Architect

Deslgn assesmen

/ P desngner

Architect
Dlgftal survey National regulations

UR designer
L Digital survey

3 .| Senior engineer
~—_W Digital survey

Architect

WA Data analysis
\Landscapmn

Data analysis

Figure 5. Network of AEC BIM competencies from Kazakhstan professional standards

As a result, we have compiled a list of disciplines that provide the necessary skills to use
BIM in the construction and design field in Kazakhstan. Each discipline is accompanied by a
description and a list of requirements from professional standards, along with their respective
indexes. Higher education institutions can use this list to develop multidisciplinary programs
for educating BIM specialists or incorporate these disciplines into existing programs to impart
the necessary BIM competencies. (Table 3)
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Table 3. Disciplines list

Ne Discipline title Obligate/ Competencies Professional
elective standard indexes
(first mention)

1 BIM regulatory obligate Basics of BIM theory and practice |2162-0-004 F3.T1.K8
and technical BIM national standards 2161-0-002 F1.T1.K8
requirements

BIM corporate standards and 2161-0-002 F1.T1.K9
their development

Corporate BIM standard 2151-2-030 F1.T2.S2
development practice

BIM international standards and | 2162-0-004 F3.T1.K8
frontier practice

2 Collaboration obligate Development of CDE 2151-2-030 F1.T1.51
in a shared data CDE application in the design 2161-0-002 F2.T1.59
environment process

Document management in CDE 2144-1-003 F1.T4.51

3.1 | BIM tools for elective BIM model preview 2161-0-002 F2.T1.S8

architects Presentation of BIM project 2161-0-002 F2.T1.S5
BIM software using skills 2161-0-002 F2.T3
Automatisation in BIM design 2161-0-002 F3.T1.K10
process - theory and practice

3.2 | BIM tools for elective Forecasting design decisions 2164-1-001 F1.T1.S3
urbanists and outcomes using BIM tools
landscape architects Automatisation using BIM and GIS | 2164-1-001 F3.T2.52

in the design process - theory and

practice

Data collecting, analysis and 2162-0-004 F2.T1.K8
application

BIM and GIS software using skills | 2162-0-004 F2.T2.S3

3.3 | BIM tools for engineers | elective Modelling of structural and 2144-1-003 F1.T2.SS1
and constructors engineering elements in BIM

3.4 | BIM applications for | elective Development of algorithms and 2151-2-030 F1.T1.S3
Automated Systems applications
Specialists Libraries, templates, classification | 2151-2-030 F1.T1.S5

systems development

4 Construction design obligate | Transfer from approved 2161-0-002 F3.T1.S2
documentation in BIM schematic design to construction

documentation
Determination of work volume 2149-5-003 F2.T1.51
and construction costs

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI.
TexHUKA/IbIK FLLABIMOAD JHCIHE MEXHO102USAAD CEPUSICHI
ISSN: 2616-7263. eISSN: 2663-1261

N24(149)/ 2024

337




V.V. Yaskevich, B.U. Kuspangaliev, L.C. Tagliabue, T. Umar

Development of detailed 2144-1-003 F1.T4.S2
construction documentation
Execution of data for construction | 2151-9-008 F1.T4.S2
documentation
5.1 | Automated calculations | elective Techno-economic calculations for | 2161-0-002 F3.T1.S6
of technical and architectural design
economic indicators Basics of structural computations | 2149-5-003 F2.T3.54
5.2 | Automated calculations | elective Advanced structural and 2144-1-003 F1.T3.S2
of structures and engineering elements and
engineering systems systems computations
6.1 | BIM and design data | elective Data collecting methods 2161-0-002 F1.T1.K7
analysis Analysis of predesign data 2161-0-002 F1.T1.S6
Analysis of schematic design data | 2161-0-002 F2.T1.51
Analysis of documentation and 2161-0-002 F3.T1.51
data flow
Analysis of construction process data | 2161-0-002 F4.T1.S2
Using results of analysis for 2161-0-002 F2.T3.S3
supporting design decisions
6.2 | BIM and design elective Planning and control of all design | 2161-0-002 F5.T1.S4
process control process stages
Prepare and control construction 2161-0-002 F3.T2.S6
documentation assembly and quality
Checking for errors collisions and | 2161-0-002 F3.T2.S5
unapproved changes
Staff training 2161-0-002 F5.T2.S3
6.3 | BIM Design elective Using BIM tools, methods, 2164-1-001 F3.T3.51
(collaborative, software and technologies in the
project-oriented) design process

Curriculum design

Based on the structured and evidenced list of disciplines, we proceeded to design the
curriculum. It's important to note that any program proposed by higher education institutions in
Kazakhstan must adhere to educational program standards, which define requirements such as
program duration, academic load volume, obligatory disciplines, and more. Satbayev University
has developed its own templates in accordance with national and university requirements. For
this curriculum, we have chosen the template for a one-and-a-half-year "professionally-oriented
master program,” which requires a minimum of 92 European Credit Transfer and Accumulation
System (ECTS) credits, with 64 credits allocated to classroom activities.

The template includes two obligatory basic disciplines: foreign language (5 ECTS) and project
management (3 ECTS). Additionally, there are two obligatory profile disciplines determined by
the department (8 ECTS), an experimental research work component for master students (18
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ECTS), a practical internship (10 ECTS), and the processing and defense of a Master's degree
thesis (12 ECTS). The remaining six modules, totaling 36 ECTS, are dedicated to core courses
that provide the necessary professional experience for master students.

As the list of disciplines obtained in the previous stage consists of six modules, it aligns
perfectly with the template and serves as the core structure of the final program. The detailed
curriculum will be presented in the results and discussions section, providing a comprehensive
overview of the program's components and their respective ECTS credits.

Feedback from Kazakhstan’s AEC companies

The final curriculum was sent to several companies that have already implemented BIM
technology in Kazakhstan, including "KAZGOR," "KazNIISA," "BI-Group," "Bazis-A," and "Ink-
Architects." The response from the companies was positive, and three of them provided
recommendations and expressed their support. A live discussion was also held with
representatives from KAZGOR.

KazNIISA, being a national company thatinitiates the development of BIM standards, supports
and appreciates the program as an essential step in BIM development. They recommended
changing the abbreviation "BIM" to "TIMSO" (Technology of Information Modeling of
construction objects) in national BIM standards.

KAZGOR, on the other hand, supports the program as the first BIM-related program in
Kazakhstan and emphasizes its high demand due to the shortage of BIM specialists in the AEC
field. They recommended adding disciplines that cover the buildinglife cycle's operational phase
and incorporating new technologies such as augmented reality and 3D scanning as additional
elective components. While these skills may not be immediately relevant in Kazakhstan,
KAZGOR believes they will be crucial in the near future. They also discussed the possibility of
adding a separate discipline on the basics of BIM for students who have no prior knowledge of
it. Unlike KazNIISA, KAZGOR supports the use of the term "BIM" in the program's titles, as it is
internationally recognized and considered more attractive.

The other companies provided positive feedback and expressed their support for the
development of such a program. Overall, the responses and recommendations from the
companies validate the significance of the program and its alignment with industry needs in
Kazakhstan.

Findings/Discussion

The main result of the research is the method to convert requirements from professional
standards in AEC to the master level curriculum - BIM in AEC, described in the Methodology
section (see Fig. 6). We consider it as a first attempt to use professional standards as a direct
basis for BIM educational programs. The most beneficial issue of this method is a synergy
between governmental, practical and educational efforts that may cause a spiral development
of all connected processes. Students and pedagogues will feel confident about objectiveness
and demand of program content, AEC practice will receive specialists according to their request
formulated in standards - on the one hand, graduates will fit necessary requirements. On the
other hand, companies will feel responsible for their contribution to creating standards and pay
more attention to them. Such synergy will help to move BIM development forward.
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Figure 6. The scheme of the four steps method to convert professional standards in AEC requirements
to the master level curriculum - BIM in AEC
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Besides, the usage of standards allows avoiding long-term and complicated separate surveys
aimed at determining the actual requirements of the field. Creating the curriculum involves
several logical steps that can be realized in relatively short terms and do not require complex
analysis. The availability of this method can be crucial for the regular updating and development
of the program.

Initially, we used the described method in the case of the BIM master program. However,
it has already been applied to design new practice-oriented master-level curriculums for
Architecture and Urban Planning, Civil Engineering, and Engineering Systems and Networks.
The only difference is that, due to the usage of the same professional standards, the first stage
was omitted. It should be noted that faculty methodologists initially had difficulty accepting
even this relatively straightforward method, indicating that more complex methods may be
inefficient for widespread application.

The most critical issue with the standards-based method is the quality of professional
standards. For example, in our survey, we found that the current standards lack requirements
for engineering systems and networks specialists, who are a vital part of achieving high
standards in BIM, particularly in AEC projects as a whole. However, if educational institutions
use professional standards to develop curricula, it will uncover such shortcomings and help
improve the standards and, consequently, the AEC field.

Another challenge is the lack of experts and low communication between departments
in Kazakhstan's higher education institutions. Initially, the BIM in AEC master program was
proposed for a wide range of professions, from architects to IT engineers, and implied a high
level of collaboration during the courses. However, during discussions at the faculty level, it
was decided to initially limit the implementation of the program to architects and construction
engineers due to organizational issues and the incompleteness of standards. For example, to
date, there are no experts in fire alarm systems or IT engineers with the necessary expertise
among the faculty or staff of Satbayev University. However, recognizing these problems is the
first step towards solving them. We look forward to overcoming these challenges in the future.

The second main result is the educational program "BIM-technologies in AEC." (Table 4) Itis a
master's degree program designed for Satbayev University to provide necessary competencies to
architects and engineers, as well as new graduates from bachelor programs who want to work on
BIM projects (36 ECTS credits). It also aligns with national and university standards for master
students' analytical skills (30 ECTS credits) and management skills (18 ECTS credits). To develop
general professional skills, two elective disciplines (12 ECTS credits) were added in the basic
component, which can flexibly fit the requirements of a particular professional field (Table 5).
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Table 4. Working curriculum for Educational program "BIM-technologies in AEC."
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1 semester 2 semester
LNG 201 | Foreign BD 5 |10/0/5 | 1103 | Elective PD. |6 |2/0/4
language HSC E.C.
(professional)
MNG230 | Project manage- |BD 3 |1/0/2 |ARC Construction | PD 6 [4/0/2
ment (Manage- HSC 203 design E.C.
ment+ manage- documentation
ment psychology) in BIM
ARC 201 | BIM regulatory PD 6 |2/0/4 |1204 |Elective PD. |6 |2/0/4
and technical HSC E.C.
requirements
1 ARC202 | Collaboration PD 6 |0/0/6 |1205 |Elective PD. |6 |2/0/4
in a shared data | HSC E.C.
environment
1101 Elective B.D. (4 |6/0/0 |AAP Experimental |ERW-|6 |4/0/2
E.C. 207 research work | MS
of a master
student
1102 Elective BD. |4 |0/0/6
E.C.
AAP207 | Experimental ERW |6
research work of | MS
a master student
Total: 34 Total: 30
3 semester
AAP207 | Experimental ERW |6
research work of | MS
a master student
AAP208 | Practical Pl 10
internship
2 ECA 501 | Processing and FA. 12
defence of Master
degree thesis
(PDMDT)
Total: 28
Sum-total: 92
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Table 5. Elective disciplines catalogue for Educational program "BIM-technologies in AEC."

Basic Disciplines Elective components - 5 credits (R.K.)
Code Discipline title ECTS |Lc/lb/pr | semester

1101 | BIM | The architecture of civil buildings - theory 4 4/0/0 1
BIM | Project engineering - theory 4 4/0/0
BIM | Landscape architecture - theory 4 4/0/0
BIM | Automated Systems — theory 4 4/0/0
BIM | Cost engineering - theory 4 4/0/0
BIM | Fire Alarm engineering - theory 4 4/0/0
BIM | Structural design - theory 4 4/0/0
1102 | BIM | The architecture of civil buildings - practice 4 0/0/4 1
BIM | Project engineering - practice 4 0/0/4
BIM | Landscape architecture - practice 4 0/0/4
BIM | Automated Systems - practice 4 0/0/4
BIM | Cost Engineering - practice 4 0/0/4
BIM | Fire Alarm Engineering - practice 4 0/0/4
BIM | Structural design - practice 4 0/0/4
Total 8
Professional Disciplines Elective components - 5 credits (R.K.)
Code Discipline title Credits | Lc/lb/pr | semester
1103 | BIM | BIM applications for architects 6 2/0/4 2
BIM | BIM applications for urbanists and landscape 6 2/0/4
architects
BIM | BIM applications for engineers and constructors 6 2/0/4
1104 | BIM | Automated calculations of technical and economic 6 2/0/4 2
indicators
BIM | Automated calculations of structures and 6 2/0/4
engineering systems
1205 | BIM | BIM and design data analysis 6 2/0/4 2
BIM | BIM and design process control 6 2/0/4
BIM | BIM Design (collaborative, project-oriented) 6 2/0/4
Total 18

Table 6. Example of discipline description

Title of discipline Collaboration in a shared data environment
Purpose and objectives of the Explore and practice collaboration in a shared data environment
course:
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Brief description of the course: The course is designed for all specializations. Based on Revit

and One Drive cloud storage, students will learn and practice the
principles of creating a shared data environment and the rules of
collaboration in it.

Knowledge, ability, skills to complete the course:

Knowledge: Knowledge of tools and rules for collaboration in a shared data
environment
Skills: Application of the General Data Environment of the Project

Information Model (PIM) (when developing and implementing a
project using BIM). 2161-0-002 T2.Z1.Um9, 2161-0-002 T2.Z3.
Umb5, 2161-0-002 T3.Z1.UmS8, 2161-0-002 T3.Z2.Um8, 2161-0-
002 T3.Z3.Um4, 2161-0-002 T4.Z1.Um5 / 2164-1- 001 T1.Z2.
Umb5, 2164-1-001 T3.Z1.Um4, 2164-1-001 T5.Z1.Um5 / 2162-
0-004 T2.Z1.Um5, 2162-0-004 T2.Z2.Um4, 2162-0-004 T2.Z3.
Um3, 2162-0-004 T3.Z1.Um7, 2162-0-004 T3.Z2.Umb5) / 2149-
5-003 T1.Z1.Um5

The organisation of a common data environment (when
implementing a project using BIM). 2151-2-030 T1.Z1.Um1

Teamwork and the use of the Common Data Environment to
support the workflow process between the participants in

the design process (creating documents; monitoring decision
approval; organising the storage and transfer of documents;
prompt preparation of reports) and entering information about
changes in any design decisions (indicating the reasons and
responsible persons) (when implementing a project using BIM).
2144-1-003 T1.Z4.Um1 / 1323-0-007 T1.Z2.Um1

Additionally, the program may include a list of 38 requirements that were identified as
"on-work" competencies through multicriteria analysis (Figure 3). These competencies are
considered to be learned during internships and can be mastered in the short term without
separating students from their workflow (Table 6).

The research also yielded secondary findings, including:

e An indexation system that establishes a transparent and student-oriented connection
between the educational program and professional standards. The current indexes can be
utilized in Kazakhstan, but the principle behind the system is universal and can be adapted to
other national resources.

e The AEC interpretation of cognitive learning levels can aid in organizing a logical sequence
within the AEC curriculum.

» Alist of disciplines necessary to attain the required level of BIM competencies as mandated
by state regulations for the 6th and 7th levels of qualification. This list can be integrated into
existing courses offered by Kazakhstani universities or used to develop separate commercial
training programs.

These secondary findings contribute to the overall understanding and development of BIM
education and professional standards in the AEC field.
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Conclusion

In conclusion, the successful implementation of BIM technology in the AEC industry relies
on an effective education system that produces highly skilled professionals capable of meeting
the evolving demands of the field. To achieve this, close collaboration between AEC companies,
governments, and universities is crucial in formulating and sharing regulations, requirements,
and frameworks. Professional standards can serve as a valuable instrument in establishing this
connection.

This article proposes an appropriate and innovative method for creating and developing a
BIM education curriculum, specifically in Kazakhstan and other countries with professional
standards. It represents one of the initial steps taken by Kazakhstani higher education
institutions to bridge the gap between government efforts in collecting factual information
about institutional requirements (reflected in professional standards) and the development of
an educational process.

The finalized BIM program encompasses all the necessary BIM competencies outlined by
institutional requirements. It encourages universities to introduce new and highly demanded
skills training, identify emerging professions, and facilitate collaborative development between
departments and faculties. It is anticipated that the BIM in AEC program will be successfully
launched the following year and contribute to the advancement of the AEC industry in
Kazakhstan.

The described methodology can be applied to other professional fields and is particularly
effective in rapidly developing areas such as biotechnology, information technology, robotics,
and more. Furthermore, advancements in natural language processing allow for automatic
analysis of standards and documents. This technology can be utilized to integrate standards
and requirements data into BIM tools, as well as to automate the execution of the proposed
methodology and synchronize programs with standards.

Ultimately, it is hoped that these findings will assist higher education methodologists in
identifying optimal approaches to create and enhance curricula for BIM and other innovative
technologies. The development of educational programs, in turn, will contribute to the
advancement of technologies and related areas of human activity.
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KasakcraHJa y/ATTBIK K9Ci6M cTaHAAPTTap HerisiHAe KypbLIbIC aKHapaTThIK yJrisey (bim)
60iibIHIIIA MAarucTpaTypa 6arjapiaMachIH XK06aJiay: 3epTTey >Kargalbl

Anpgarna. byn mMakanana Kasakcranga «CayseT, KypbLibic xoHe nHeHepusi (AEC) canacbiHAaFbl
aKmapaTThIK Moaeabzey (BIM) TexHosoTHsAIaphI» GOMBIHIIIA MarucTpaTypa 6afaapaMachiH Ko6aJsiay
yChIHBbLIA/bl. MyHAal 6argap/iaaMaHblH KaxeTTisiri BIM eHrisy 6GolbiHIIA 6ijiKTI MaMaHAAp/blH,
JKeTicneyurisiiriMmeH OGalslaHBICTBI, OyJ1 Tek Kaszakcranja faHa eMec, OYKI oasieMzae OaWKasiajbl.
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Designing a master degree program in building information modeling (BIM) using national professional
standards: a case study in Kazakhstan

YChIHBLIFAH 9IiC Heri3ri Ky3bIpeTTep/li aHbIKTAy YIIiH YJATTBIK K9Ci6U CTaHJApTTap/ bl CEHiMAi
JlepeKKe3 peTiH/ie MakgasaHa/bl. By Kacibu cTaHAapTTap XKOFaphl 0Ky OPbIHAAPHI, YKiMeT oHe AEC
KOMIIaHUsJIapbl apacblHAaFbl bIHTBIMAKTACTBIKThI JAaMbITYFa 6aFrblTTa/lFaH. barnapsamMaHsl kobanay
npoleciHZie apTypJi dficTep KoJJaHbLIaAbl, COHBIH IlliHAe TajanTapAbl OarjapJ/iamMa ascblHAA
KaJlarajlay YIIiH MHJAEeKcalMsd >XKyheci, Ky3blpeTTepAl TaHJayla KeNKpUTEpUHJII Taajay, COHAAN-aK
6arap/iaMaHbl TUIM/II KYpbLIBIM/IAy YIUIH KOTHUTUBTIK JleHreljep TAKCOHOMHUACHI KOJIJaHblIa/bl.

Ty#inai cesaep: BIM-TexHosiorusiap; oKy >K0CHapblH KYpy; K9CiOU CTaHAApTTap; KeNKPUTEepHUili
TaJljay; MHAeKcalus xKyHeci; BliyM TaKCOHOMUSACBI
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Pa3pa6oTKa MarucrepckKoi nporpaMmsl 1o UHGOpPMaMOHHOMY MO/ e/JTUPOBaHMI0 3aHui (bim)
C KCMN0/Ib30BaHUEM HAaLlMOHAJIbHBIX NPOdeCCHOHANIBHBIX CTAHAAPTOB: Ka3aXCTaHCKUM MpUMep

AHHOTanusA. B faHHOl cTaTbe mpejcTaB/jeHa pa3paboTKa MaruCTepCcKod MporpaMMbl 10 TeMe
«TexHostorMM HMHGOPMALMOHHOTO MOJeaupoBaHus 3xaHuil (BIM) B apxuTekType, UHXEHEpPUH U
crpoutesbcTBe (AEC)» B KasaxcraHe. Heo6xofuMOCTb Takoi MporpaMMbl 06ycJIOBJeHAa HEXBATKOM
KBaJIMQUIIMPOBAHHbBIX CIEelMaJIUCTOB, Biajeloliux BHegpeHueM BIM, kak B KasaxcraHe, Tak U BO
BceM Mupe. [Ipea/ioxkeHHbIM MeTOA UCNO/Ib3YeT HalMOHa/IbHble NpodeccHOHalbHble CTAaHAAPThI KaK
HaJle>KHbIH HCTOYHUK He0O6X0JUMBbIX KOMIIeTeHIIMM. DTU NpodeccuoHalbHble CTaHAapThl HallpaBJeHbl
Ha YKpeIlJleHHe COTpyAHHYeCcTBa MeX/Jy By3aMH, NpaBuUTeJbCcTBOM M KoMmnaHuaMu AEC. Ilponecc
pa3paboOTKU BKJIIOYAeT HCHO0Jb30BaHHE pa3/IMYHbIX METOJ0B, TAaKUX KaK CUCTeMa HHJeKcaluu
JUIsl OTCJIe)KMBaHUs TpeGOBaHUM CTaHAAPTOB B IMpOrpaMMe, MHOTOKPUTEPHaJbHbIM aHalu3 AJs
BbIOOpA MOAXOJAIMX KOMIETEHMH, a TaKXKe IPUMeHeHe TAKCOHOMUU KOTHUTUBHBIX YPOBHEH /1
3pdeKTUBHOMN CTPYKTYpPbl NPOTPaAMMBI.

KnwouyeBble cioBa: BIM-texHosioruu; paspaboTka y4eOHBIX Hporpamm; npodeccuoHalbHbIE
CTaHZAAPThl; MHOTOKPUTEPUAJIbHBIMA aHA/IU3; CHCTEMa UHJEKCalluK; TaKCOHOMUA Biiyma
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