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Abstract 
Building Information Modelling (BIM) has become an essential tool for improving 
construction methods in delivering projects. Yet, much BIM-related expertise is needed to 
achieve the performance quality of the projects. The Malaysian Construction Industry 
Transformation Plan (CITP) 2016–2020 under the Construction Industry Development Board 
(CIDB) highlights that the government is beginning to follow the BIM for level 2 by 2020. The 
move was to improve the adoption and implementation of BIM among the practitioners in 
the construction industry. The government initiatives have raised the importance of BIM skills 
and knowledge among practitioners to facilitate successful implementation of BIM-related 
projects. This paper reports the findings of a thematic review analysis of skills that need to be 
harnessed from architecture graduates in preparing them to undertake BIM-related projects. 
Publications from 2010–2020 were analysed by means of a thematic review. Findings from 
the code-to-document review using ATLAS.ti 8 identified the BIM skills needed from an 
employee. This paper contributes to analysing the BIM skills indicated from the published 
papers hence the avenue for future studies on BIM graduates' preparation prior to entering 
the labour market in Malaysia. 
Keywords: Building Information Modelling, Skills, Construction Industry, ATLAS.ti 8, Thematic 
Review  
 
Introduction 
Building information modelling (BIM) has been proven to deliver projects within cost, time, 
and quality. BIM is also currently known worldwide as an efficient and effective construction 
method within the architecture, engineering, and construction (AEC) industries. The AEC 
industry has used the method to ensure an effective integration, collaboration, and 
management process in a construction project (Ghosh, 2012). CIDB Malaysia defines BIM as 
a technology that involves modelling; the method includes producing, communicating, and 
interpreting digital knowledge models for the life cycle of a construction project.  
With globalisation, Malaysia’s construction industry has become more stable and continued 
to grow. New initiatives were proposed by the government to boost the construction industry 
towards the fourth revolution. The recent Malaysian Construction Industry Transformation 
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Program 2016-2020 (CITP), mid-term review presented further efforts to align the 
construction industry’s evolving technologies. One of the latest endeavours is to develop 
digital construction and industry 4.0 roadmap with the national agenda to guide the 
construction industry towards a digital future (CIDB, 2019). The Public Works Department 
(JKR) and the Construction Industry Development Board (CIDB) with MyBIM are organizations 
that focus on fulfilling the government missions. Implementing BIM in each organisation, firm, 
and construction in Malaysia is one of the measures to accelerate construction growth. One 
of the targets of CIDB is to use BIM Level 2 by Q4 2020 and for all public building projects 
above RM100 million (100%) (including hospitals and schools for JKR development projects) 
(CIDB, 2019). 
The adoption of BIM in the future will pose many challenges with regard to the use of 
technology, processes, and people (Musa et al., 2018). The main challenges have also been 
identified with regard to people factor, particularly in terms of the shortage of professional 
and trained BIM workers, which has resulted in the high cost of implementing BIM (Jamal et 
al., 2019).  
One of factors contributing to an architectural firm’s challenges in implementing BIM is the 
shortage of technical expertise in BIM (Abd Hamid et al., 2020; Azmi et al., 2018). The lack of 
knowledge and readiness for change is one of the obstacles to successful implementation of 
BIM (Haron et al., 2017). Such loopholes necessitate further investigation on the BIM skills 
required from graduates. Hence, the objective of this paper is to explore the necessary BIM-
related skills needed from future architecture graduates in order to enhance their 
employability in the constructions industry. The paper aims to answer the following question:  
R.Q.: What are the necessary BIM-related skills needed from future architecture graduates in 
Malaysia as discussed in the publications from 2010 to 2020?  
 
Methodology 
The literature review process followed the thematic review process proposed by Zairul 
(2020). A thematic analysis is defined by Clarke and Braun (2013) as the identification of 
pattern and construction of themes from thorough reading of a subject. In this study, the first 
step of the systematic review was to determine the current state of empirical knowledge on 
BIM skills. Articles published within the last ten years (2010–2020) were shortlisted for the 
review. The subsequent step was to determine the skills necessary for BIM-related projects, 
particularly from architecture graduates in Malaysia. The research tenets were to analyse and 
interpret the findings for future BIM research subjects. 
SCOPUS and Mendeley were searched to extract the primary data sources. The publications 
were selected based on the following criteria: (1) published between 2010–2020, (2) possess 
keywords, (s) related to BIM or architecture or skills, and (3) focus on BIM skills. Table 1 shows 
the search string of the literature from the SCOPUS and Mendeley literature search.  
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Table 1. Search Strings from SCOPUS and Mendeley 

SCOPUS TITLE-ABS-KEY ("Building Information Modelling" AND Skills AND 
Architecture AND (LIMIT–TO (PUBYEAR, 2020) or (LIMIT–TO 
(PUBYEAR, 2019) or (LIMIT–TO (PUBYEAR, 2018) or (LIMIT–TO 
(PUBYEAR, 2017) or (LIMIT–TO (PUBYEAR, 2016) or (LIMIT–TO 
(PUBYEAR, 2015) or (LIMIT–TO (PUBYEAR, 2014) or (LIMIT–TO 
(PUBYEAR, 2013) or (LIMIT–TO (PUBYEAR, 2012) or (LIMIT–TO 
(PUBYEAR, 2011) or (LIMIT–TO (PUBYEAR, 2010) 

58 
results 
 
 
 
 
 
 

Mendeley “Building Information Modelling” = 1138 articles "Building 
Information Modelling" AND "skills" = 38 articles "Building 
Information Modelling" AND "skills" year: [2010 TO 2020] 

37 
results 

 
Figure 1. Inclusion and exclusion criteria for the thematic review 
 

The published articles were extracted from SCOPUS using the following keyword TITLE-ABS-
KEY (“Building Information Modelling” AND “Architecture” AND “Skills” AND (Limit –TO 
(PUBYEAR, 2020) or (LIMIT–TO (PUBYEAR, 2019) or (LIMIT–TO (PUBYEAR, 2018) or (LIMIT–TO 
(PUBYEAR, 2017) or (LIMIT–TO (PUBYEAR, 2016) or (LIMIT–TO (PUBYEAR, 2015) or (LIMIT–TO 
(PUBYEAR, 2014) or (LIMIT–TO (PUBYEAR, 2013) or (LIMIT–TO (PUBYEAR, 2012) or (LIMIT–TO 
(PUBYEAR, 2011) or (LIMIT–TO (PUBYEAR, 2010). The search generated 58 articles on BIM 
skills from 2010 to 2020. An initial search from the Mendeley database using the term 
“building information modelling” resulted in 1138 articles. The subsequent search using the 
terms “building information modelling” AND “architecture” AND “skills” (year 2010 to 2020) 
resulted in 37 articles.  
The total number of articles retrieved from the SCOPUS and Mendeley search was 95. The 
initial search resulted in 58 and 37 articles, respectively. However, 60 articles were removed 
due to their premature results and anecdotes not concerning BIM skills issues. Some of the 
articles were also found to be incomplete; the full articles are not accessible, have a broken 
link, or overlapped. Therefore, the final number of articles to be reviewed was 33 (Figure 1).  
All the 33 articles were uploaded to ATLAS.ti 8 software. Several groups were initiated 
automatically in the code group from the metadata defined in Mendeley (Figure 2). The 
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papers were then grouped according to (1) author, (2) number of issue, (3) periodical, (4) 
publisher, (5) volume, and (6) year of publication.  

 
Figure 2. The code group established from Mendeley metadata 
 

The publications could be easily grouped into year of publications and the frequency of paper 
review each year. The total number of articles analysed by ATLAS.ti 8 was 33 (Figure 3). As 
mentioned, the number of publications related to BIM skills has increased annually following 
the increased uptake of BIM in developed countries.  

 
Figure 3. Paper breakdown according to the year of publication 
 

A word cloud analysis review of the 33 documents captured the word BIM being used 4198 
times; construction, 1559 times; and skills, 841 times (Figure 4). The thematic review and the 
frequency of sequence topic managed to identify the skills necessary from architecture 
graduates. The codes identified were then grouped into themes towards answering the 
question “what are the necessary BIM skills from future graduates discussed in the 
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publication from 2010 to 2020?” The findings suggest the following two sets of skills: (1) 
technical skills and (2) nontechnical skills. The quantitative findings and the qualitative 
findings are discussed in the following section.  

 
Figure 4. Word cloud generated from 33 articles 
 
Results and Discussions  
Quantitative Findings 
The initial search uncovered that the database is static and that the phrases BIM and building 
information modelling are largely used within the scope of the construction industry. The 
phrase BIM skills, however, is scarcely used. Review papers focus not only on the architectural 
industry but also in various fields.  
Table 2 shows that among the 33 articles identified were those published in Architectural 
Engineering and Design Management Journal, ANZAScA, ASEE, and EG-ICE (Table 2). Some of 
the necessary BIM skills required from architecture graduates were identified by means of a 
critical review. Table 2 shows an increasing number of journal articles in BIM issues published 
between 2010 and 2020. While not many related works are published in 2010, the number of 
publications in BIM skills markedly increased from 2014 to 2020. The articles are related not 
only to architecture-related background but also to social sciences, engineering, education, 
information technology, and intelligent computing. 
Table 2. Articles reviewed based on journals publications according to journal and year 
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The publications regarding BIM skill sets mostly concern the practice in Malaysia, the UK, and 
the USA from 2016 to 2020. Not many researchers publications were noted from 2010 to 
2012 (table 3). Studies on BIM skills also concern the practice in Arizona, Australia, Austria, 
Boulder, Canada, Hong Kong, India, Israel, Melbourne, New Zealand, Pennsylvania, Poland, 
South Dakota, South Korea, Texas, and UAE. The distribution of articles shows that the 
implementation and demands for BIM have increased in various countries. Such magnitude 
therefore necessitates the harnessing of appropriate skills among practitioners to facilitate 
successful implementation of such projects.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2010 2012 2013 2014 2015 2016 2017 2018 2019 2020

Architectural Engineering and Design Management 2

ASA 2014 - 48th International Conference of the 

Architectural Science Association (ANZAScA)
1

ASEE Annual Conference and Exposition, Conference 

Proceedings
2 1 1 1 1

EG-ICE 2010 - 17th International Workshop on Intelligent 

Computing in Engineering
1

Engineering Project Organization Journal 1

Engineering, Construction and Architectural Management 1

Industry and Higher Education 1

International Conference on Research and Innovation in 

Information Systems, ICRIIS
1

International Journal of Architectural Computing 1

International Journal of Built Environment and 

Sustainability
1

International Journal of Construction Education and 1

International Journal of Engineering Education 1

IOP Conference Series: Materials Science and Engineering 1

Journal of Asian Architecture and Building Engineering 1

Journal of Design and Built Environment 1

Journal of Information Technology in Construction 1

Journal of Professional Issues in Engineering Education 

and Practice
1 1

Open Science Journal 1

Practice Periodical on Structural Design and Construction 1

Procedia Engineering 1

Proceedings - 2019 IEEE International Conference on 

Engineering, Technology and Innovation, ICE/ITMC 2019
1

Proceedings of the 4th New Zealand Built Environment 

Research Symposium (NZBERS). Auckland, New Zealand
1

Rics Cobra Aubea 2015 1
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Table 3. Distribution of articles according to country 

 
An iterative process involving similarities and disparities was conducted to ensure continuity 
in the resulting subcategories. Forty-two initial codings were derived from the review of the 
33 articles. However, after several rounds of recoding and code merging in ATLAS.ti 8, the 
final skills were categorised into two main patterns, nontechnical skills and technical skills, as 
shown in Table 4. The main conclusions of the thematic review are reported in the next 
section. 
Table 4. Thematic review of BIM publication from 2020 till 2020 

 2010 2012 2014 2015 2016 2017 2018 2019 2020 

NON-TECHNICAL SKILLS 1 0 1 4 3 2 1 3 3 

TECHNICAL SKILLS 1 2 2 2 4 3 2 4 3 

 
 
 
 
 
 

2010 2012 2014 2015 2016 2017 2018 2019 2020 Total

Arizona 1 1

Australia 1 1

Austria 1 1

Boulder 1 1

Brazil 1

California 1

Canada 1 1

Hong Kong 1 1

India 1 1

Israel 1 1

Malaysia 1 1 1 1 4

Melbourne 1 1

New Zealand 1 1

Pennsylvania 1 1

POLAND 1 1

Portugal 1 1

South Dakota 1 1

South Korea 1 1

Texas 1 1

UAE 1 1

UK 1 1 1 1 4

USA 2 1 3
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Qualitative Findings 

 
Figure 5. Overall network view of the thematic review answers the research question 

 
Figure 6. The tabulation of Technical BIM skills discuss by authors 
 
Technical Skills 
Technical skills refer to an individual’s (i) technical expertise to operate BIM software tools, 
as well as his/her (ii) knowledge of digital tools and BIM standards (Abdirad & Dossick, 2016; 
Azzouz & Papadonikolaki, 2020). The increasing uptake of BIM in the AEC industry 
necessitates construction players to have strong BIM expertise and knowledge in using 
specific software applications (Ismail et al., 2019). Specifically, the individuals involved need 
to improve their technical skills in using Autodesk Revit, AutoCAD, Naviswork Manage, and 
Microsoft Project.  

a. BIM Knowledge 
Knowledge in BIM is essential for practitioners and therefore can increase the employability 
of new graduates. Following the evolvement of the BIM technology, most employers expect 
recent graduates and employees to possess BIM knowledge before entering the industry. 
According to Hodorog et al. (2019), the construction industry prefers to recruit future 
employees with intensive conceptual knowledge of BIM rather than those with mere BIM 
application skills. Therefore, the inclusion of intensive training in BIM in the university 
curriculum can provide graduates with better understanding of the BIM process hence 
improving their knowledge of the technology and processes (Ismail et al., 2019). The 
knowledge gained will lead them to better future career development in BIM construction. 
Nevertheless, technical knowledge remains critically important in BIM-related projects 
(Hallowell et al., 2014). 
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 BIM modellers must be equipped with the knowledge of the design process because they 
must “design” using BIM technologies (Barison and Santos, 2019). Rosli et al (2016) 
highlighted that the future generation of architects needs to acquire knowledge of these 
technologies in their early educational years. Holzer (2015) maintained that BIM application 
skills are useful when applying for a job. Hence, the individuals involved must be able to apply 
both knowledge and technical knowledge (BIM software tools) in such projects.  

b. BIM Software Tools 
The literature also indicates software skills are the most preferred skills. Various softwares 
are used in BIM-related projects, such as Revit, ArchiCad, Naviswork (Kovacic & Filzmoser, 
2015). These tools can provide various possibilities for exchange of data and collaboration in 
the construction industry (Hodorog et al., 2019). A study by Huang (2017) found that laser 
scanning, virtual reality, and mixed reality were also adopted in BIM-related projects in the 
AEC industry. These technologies upgrade the usage and function by the development of 
technology. In another study, Shelbourn et al (2017) highlight the importance of integrating 
BIM resources into all university curricula. To be more competitive in the future, architectural 
graduates need to acquire advanced skills in using the technologies related to BIM projects.  
Previous researchers have also raised the issue of lack of knowledge on BIM software tools 
among graduates. According to Ismail et al (2019), most graduates have low existing skills and 
knowledge in using BIM software tools applications, such as Autodesk Revit and Navisswork 
Manage Software. Graduates need to know the operational tools for creating a model and 
analysing the effective collaborative of BIM model (Sampaio, 2014). According to Hodorog et 
al (2019), BIM curriculum programmes should emphasise understanding computer 
application concepts and BIM processes. In the same vein, Shelbourn et al. (2017) maintained 
that university programmes should emphasise BIM tools in their curriculum. The programmes 
in the United States mostly focus on BIM to enhance their students’ basic or intermediate 
knowledge of BIM, the purpose being to facilitate their adaptability with the rapidly changing 
technologies in the industry (Hallowell et al., 2014). Elliott et al. (2019) note that partnering 
with the industry can provide the necessary skill sets and knowledge of the BIM manipulation 
model and benefit the graduates. Hence, a curricula programmes should enhance graduates’ 
relationship with the industry and allow them to harness their skills to undertake BIM-related 
projects. 
Individuals entering the AEC workforce must also be skilled in operating related software tools 
application and BIM software tools. A study by Holzer (2015) identified skills in BIM Modelling, 
3D Visualization, Parametric Modelling, and 2D Cad Drafting as the technical skills most 
demanded by employers. According to Wu & Issa (2014, as cited by Abdirad & Dossick, 2016), 
BIM software skills are rated by the industry as the most expected learning outcomes in BIM 
education at the university level. Similar issue is discussed by Raiola (2016), who advocated 
that individuals work competently with BIM software associates within the industry. In 
another study, Zhao et al. (2015), as cited by Elliott et al., (2019) found that the skills of 
maneuvering BIM and related technology are the skill sets most expected by the industry. 
Another recent study by Ismail et al., 2019) also highlighted that graduates with good 
technical skills in using Autodesk Revit, AutoCAD, Naviswork Manage, and Microsoft Project 
could benefit from future employment. Nevertheless, the skills mentioned are still lacking 
among architectural graduates and particularly discussed scantily in the existing literature. 
More reviews are needed on the skills necessary for architectural graduates, specifically in 
BIM. 
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Nontechnical Skills 

 
Figure 7. Tabulation of BIM nontechnical skills discussed by previous researchers 
 
Previous researchers have referred to “nontechnical skills” using a myriad of terms hence the 
varying interpretations. Studies pertaining to “nontechnical skills” within the Malaysian 
context tend to revolve around the use soft skills, generic skills, and employability. 
Nontechnical skills (such as communication and organisation skills) are noted to be equally 
important as technical skills (such as the skill of using software tools and interoperability) 
(Kovacic & Filzmoser, 2015).  
Various nontechnical skills were identified to be necessary for employability in firms 
undertaking BIM-related projects. BIM diffusion necessitates soft skills; Azzouz and 
Papadonikolaki (2020) confirmed the finding of Papadonikolaki and Oel (2016) that 
consultants have been perceiving their role to be more soft than hard due to the digital 
technologies involved. Another study by  Solnosky, Parfitt & Holland (2014) found that the 
need to harness not only technical skill but also soft skills among graduates entering into the 
construction industry workforce.  
Previous surveys also identified the importance of communication skills, teamwork, and 
analytical thinking in facilitating the use of BIM tools, BIM coordination, and BIM knowledge 
in workflow and standards (Abdirad & Dossick, 2016). Davies et al. (2015), cited by Yakami et 
al.[2018]) focused on soft skills like collaboration and communication, negotiation, teamwork, 
leadership, and conflict management. Whereas Barison & Santos (2011), as cited by Hodorog 
et al. [2019] and Yakami et al.[2018]) looked into individual competencies, including 
qualifications, knowledge and attitude, qualifications, and aptitude, as well as the 
professional needs for the position in terms of foundation and functionality ways. The key 
requirements for both BIM and parametric design, from practice to academic education, 
encourage students to (i) think critically, (ii) be responsive and alert to the new emerging 
technologies, (iii) respond quickly to the evolving situations, (iv) communicate confidently, 
and (iv) manage information in a multidisciplinary (Holzer, 2015). 
According to Raiola (2016), previous researchers have found that BIM requires new soft skills 
such as good written and verbal communication, interpersonal skills, leadership, and ethical 
skills. BIM requires efficient communication along with good soft skills. The final skill, written 
communication, is important because in construction projects, intents and requirements are 
communicated through writing. Graduates will improve their communication and team 
management skills with comprehensive and intensive BIM training prior to entering the 
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industry (Ismail et al., 2019). According to Shelbourn et al. (2017), an individual should know 
how to interact with other BIM members in order to communicate their tasks more efficiently. 
Another empirical study by Kepczynska-Walczak (2020) found that communication and 
cooperation skills are important in work practices. Hence, to work effectively in a BIM-related 
project, communication skills are important as the ability enables cooperation with other 
team members. 
The key feature of BIM is that it enables a multidisciplinary teamwork. Therefore, it is 
necessary that BIM applications be incorporated into an interdisciplinary context (Hardi, 
2015). Teamwork is required in a BIM project, and therefore, ethics, interpersonal abilities, 
and verbal facility and leadership skills will be the essential BIM skills (Raiola, 2016). A BIM 
education programme should also aim to harness individual as well as team skills and 
competencies (Hodorog et al., 2019). Yakami et al. (2018) highlight the communication and 
teamwork skills required in the curricula. A study by Azzouz and Papadonikolaki (2020) 
corroborated Liu et al. (2011) that leadership is needed in the AEC sector for teamwork and 
collaboration to succeed.  
Furthermore, BIM also encourages multidisciplinary team collaboration (Hardi, 2015). Yet, at 
most, there is a lack of practice in an interdisciplinary environment (Kepczynska-Walczak, 
2020). According to  Lucena et al. (2015), BIM optimises team collaboration, thus enabling 
project managers to communicate the project’s intent to all stakeholders more reliably. The 
idea of collaborative design and the usefulness of BIM should be instilled in undergraduates 
prior to entering the workforce. The essential pedagogy must focus not only on design and 
detail but also on how to engage and lead others and collaborate with the professionals they 
will work with later (Shelbourn et al., 2017). In particular, individuals shall possess the 
following BIM-related skills to enhance their future employability: communication, 
teamwork, leadership, and collaboration. Future studies shall focus more on these skills to 
improve BIM implementation in the construction industry.  
 
Conclusion and Future Studies 
This article reviewed publications related to the skills required from architectural graduates 
necessary to undertake BIM-related projects. The findings from the code-to-document 
analysis in ATLAS.ti 8 indicated two types of BIM skills: technical and nontechnical skills. This 
paper has identified the thematic codes (with regard to the skills) within the previous studies 
published between 2010 and 2020. The technical skills necessary are knowledge of BIM 
technology and BIM software tools – this imply a deep understanding about BIM, its uses and 
software capabilities. The nontechnical skills necessary are communication and teamwork, 
especially when projects using BIM involves complex processes coming in various disciplines 
and professionals. 
The findings presented a gap in the previous studies with regard to whether practical 
construction experience on-site is necessary as part of BIM skills needed among architectural 
graduates. This was not touched by any researchers. Most of the publications focus on 
construction management, BIM managers, engineering, and quantity surveyor; and limited 
studies have identified the BIM-related skills required from architecture graduates. Yet, there 
is a increasing uptake of BIM projects in the Malaysian construction industry following the 
government’s recommendations. However, implementing BIM requires technical skills 
among semi-skilled workers with the necessary technical and nontechnical skills in BIM. The 
findings, therefore, suggest that within Malaysian context, fresh graduates should possess 
BIM skills to support future construction industry development. Therefore, it is beneficial to 
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study the necessary skills required in BIM demands to help academicians prepare graduates 
with the appropriate skills. More publications are needed to support BIM implementation in 
an effort to enhance the awareness of BIM skills necessary by architectural graduates on its 
benefit. 
 
Contributions and Benefits of Study 
This paper analyses BIM skills required from architectural graduates by extensively identifying 
the thematic codes within BIM publications from 2010 to 2020. The findings will benefit future 
research directions and identify the gaps in BIM studies in Malaysia, specifically for 
architectural graduates for employment.  
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