
 

 

 

 

 

 

 
Management Review: An International Journal  Volume 12  Number 2  Winter 2017 

 

 

 

62 

 

 

 

Exploratory Study on Cognitive Style in a BIM 
environment in the Australian Construction 
Industry 
 
Marcus Drogemuller, Ryan Muldoon, Joshua Stuart 
Research Team, School of Natural and Built Environments, 
University of South Australia 
Australia 
Email: droms001@mymail.unisa.edu.au, 
mulry006@mymail.unisa.edu.au, stujj002@mymail.unisa.edu.au 
 
Ki Pyung Kim, Jun Ahn 
Lecturer, School of Natural and Built Environments, 
University of South Australia 
Australia 
Email: ki.kim@unisa.edu.au, jun.ahn@unisa.edu.au 
 
Sooam Kim 
Senior Research Fellow,  
Building and Urban Research Centre 
Korea Institute of Civil Engineering and Building Technology 
Korea 
Email: sakim@kict.re.kr 
 
Received  Oct. 30, 2017, Revised Dec. 23, 2017, Accepted Dec. 28, 2017 

 

ABSTRACT 

 
Building Information Modelling (BIM) has been introduced to the 
construction industry to improve productivity. However, BIM has 
a limitation to accommodate the cognitive functions of construction 
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professionals to make proper decisions because BIM requires 
encompassed digital workflows over a project life cycle that 
inundate design and construction professionals with a plethora of 
construction information. Subsequently, construction 
professionals are not able to have a sufficient time for applying 
their intuitions and tacit knowledge properly. In order to 
understand the cognitive styles of construction professionals to 
make a better decision, this research adopted a mixed method 
approach comprised of a questionnaire survey and a follow-up 
interview. Total 105 construction professionals participated in a 
questionnaire survey, and 15 interviews were conducted. 
Consequently, the Planning and Knowing styles are the most 
frequently used cognitive skills for a decision making, and the 
Creating style is the less frequently used ability for a daily based 
task. The knowledge and insights of construction professionals are 
recognised as an essence of better decision making, and BIM is 
recognised as a knowledge management platform to capture and 
share the valuable intuitions of construction professionals.  
Furthermore, proper trainings are required for construction 
professionals to increase their innovative and creative cognitive 
skills for their tasks. This research will serve as a stepping stone 
to further investigate a human aspect in a BIM system, and to 
provide insights for an organisation or a project team how to adopt 
BIM for better decision making based on the cognitive styles. 
 
Keywords: Cognitive Function, Decision Making, BIM, Australian 

Construction Industry 

 

INTRODUCTION 

 

Recent design requirements of a building have become more 

irregular and bespoke, and sustainable aspects in a building such 
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as high energy performance and low carbon footprints have become 

one of the major considerations in the construction industry. 

Essential construction information has become more specialized 

and larger in its volume, and consequently, effective management 

and integration of the massive amount of construction information 

have become vital than ever. As a response to the increasing 

complexity of construction projects, Building Information 

Modelling (BIM) has been introduced to the construction industry 

as an enabler to facilitate collaborative efforts among project 

participants, and to improve fragmented construction practice and 

productivity (Eastman et al, 2011). BIM is being increasingly 

adopted in the construction industry due to various benefits 

including a) Design Quality Improvement; b) Productivity 

Improvement (Effective and Efficient Project Information 

Management); and c) Sustainability Enhancement that can be 

utilized for productivity improvement (Park and Kim, 2017; 

Eastman et al, 2011). Furthermore, BIM has become a mandate for 

the public construction projects in various countries including the 

US, UK, and Australia, and South Korea (Kim et al, 2016). 

 

COGNITIVE FUNCTIONS IN A BIM ENVIRONMENT 

 

Although BIM provides various benefits, there are numerous 

researches pointing out that BIM has a limited capability to 

accommodate the cognitive functions of construction professionals 

to make proper decisions. Decision making process is carried out 

based on a human’s cognitive style, which is described as human’s 

ability to think, learn and solve problems (Esa et al., 2014). 

According to Jul and Furnas (1997), the cognitive function is highly 

required to understand a special information and locate proper 

information about a design and construction. More importantly, 

the decisions on design alternatives made at the early design stage 
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such as building orientation, shape, and structural system, mainly 

rely on the cognitive functions of designers and engineers as they 

use their intuitions and insights learned from their experience 

(Gervásio et al., 2014; Granadeiro et al., 2013). Cognitive styles are 

the ability for individuals to be able to critically think, and resolve 

problems, and archive the lessons learned from an event 

(Granadeiro et al., 2013). According to Cools and Van Den Broeck 

(2007), the cognitive styles are categorised into three major styles 

– Knowing, Planning and Creating – as shown in Table 1. Akin 

(2014) asserted that daily tasks are carried out via a combination 

of tacit knowledge and intuitive skills, but a BIM environment is 

not fully capable of accommodating these cognitive functions as 

design and construction professionals cannot have a sufficient time 

to utilise their intuitions properly. 

  

Table 1. Three-Dimensional Cognitive Styles 

Style Characteristics 

Knowing  Facts, Logical, Rational, Precision with Tasks 

Planning  Conventional, Structures, Routine 

Creating  Innovative, Open-ended, Creative 

 

Although researchers emphasise the importance of cognitive 

abilities in a BIM system, BIM is still blamed for its encompassed 

digital workflows over a project life cycle because design and 

construction professionals are inundated with a plethora of 

construction information. Indeed, Foqué (2011) emphasised that 

intuition and rational thinking should be utilised simultaneously 

to make proper decisions, and pointed out that the digital 

workflows in a BIM environment should acknowledge the current 

limitations and improve the current decision making processes in 

a BIM environment.  
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Kopper et al. (2006) recognised that exploring a 3D BIM model 

often renders a tedious experience to find out accurate and 

necessary construction information. Dodiya and Alexandrov (2008) 

elaborated that design and construction professionals, who are not 

familiar with a BIM environment, experience frustration due to 

inaccurate spatial cognition as they have been oriented based on 

2D drawings. The negative experiences have led the design and 

construction professionals to resist to adopt new technology and 

processes (Joo and Lee, 2006; Chai and Chai, 2007). Indeed, the 

cognitive style is commonly recognised as an important aspect for 

employers to consider for better work performance as an individual 

and a team. (Cools and Van Den Broeck, 2007). Esa et al. (2014) 

highlighted that it is important to appreciate the connection 

between the construction professionals’ cognitive styles and its 

impacts on decision makings. A better understanding of design and 

construction professionals’ cognitive decision making styles will 

improve construction professionals’ decision making in a BIM 

environment (Pinch et al. 2010; Carmel-Gilfilen and Portillo, 2010).  

However, the cognitive styles of the construction professionals 

have not been clearly identified. Thus, this research aims to 

investigate the cognitive styles of construction professionals to 

make a proper decision. In addition, this research is expected to 

provide insights for construction professionals how to make 

proper decisions in a BIM environment based on different 

cognitive styles 

 

RESEARCH METHODOLOGY 

 
This research adopts a mixed method that is comprised of a 

paper-based questionnaire survey and follow-up semi-structured 

interviews because this research is designed to obtain specific 
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viewpoints and in-depth insights regarding ‘what is the cognitive 

style of construction professionals’ and ‘how can cognitive styles 

affect the decision makings’ in the Australian construction 

industry in real life context (Creswell et al., 2004). The questions 

adopted a 5 point Likert scale as it is the most popular method 

among researchers and easy to communicate with respondents 

(Knight and Ruddock, 2008).  

In order to obtain valid and relevant research findings, 105 

prequalified construction professionals, who have experience in a 

BIM-enabled construction project, and have an authority to make 

a decision, and employed in a nation-wide construction company 

are selected. The paper-based questionnaire was personally hand-

delivered to surveyees to achieve maximum response rate, and the 

research adopts the Cognitive Style Indicator questionnaire 

developed by Cools and Van den Broek (2007), which is a widely 

adopted structured questionnaire to measure the three cognitive 

styles (See Appendix 1). The questionnaire is comprised of 18 

questions designed to measure the following three major cognitive 

styles; a) Knowing, b) Planning, and c) Creating. A pilot 

questionnaire survey was conducted prior to the main 

questionnaire survey to eliminate misleading questions, ambiguity 

and any difficulty in responding (Polit et al., 2001). After the 

completion of questionnaire surveys, follow-up semi-structured 

interviews were conducted with 15 construction professionals, who 

indicated their willingness. 

 

RESULTS AND DISCUSSION 

 
Total 105 prequalified professionals were responded to the 

survey. As shown in Table 2, the profile of respondents indicates 

three major roles – Quantity Surveyor, Project/Construction 
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Manager, Site Manager – and the portions of respondents are 

evenly distributed. The profile has been confined to a manager 

level with decision making authority since this research aim at 

identifying the cognitive styles for decision making.  The average 

experience of respondents is 9 years, and 20% of respondents (20 

respondents) indicate that they have more than 15 years of 

experience. 

 

Table 2. Profile of Respondents (Total 105 Respondents) 

Role 
Number of 

Respondents 

Percentage 

(%) 

Quantity Surveyor  37 35 

Project/Construction Manager 35 33 

Site Manager 33 32 

Total 105 100 

 

   
Overall Cognitive Styles of Construction Professionals 

The collected data is analysed based on the calculation of Mean 

value using the 5-point scale such as 1 point for Strongly Disagree 

and 5 points for Strongly Agree (See Appendix 1). 

 
Table 3. Overall Cognitive Styles of Construction Professionals 

Cognitive Style Mean Value 

Knowing 4.15 

Creating 4.01 

Planning 4.22 

 
The overall cognitive style does not present a wide range of 

variation in its value as shown in Table 3. In the follow-up 

interviews, interviewees stated that personal preference cannot 



 

 

 

 

 

 

 
Management Review: An International Journal  Volume 12  Number 2  Winter 2017 

 

 

 

69 

 

 

 

overrule the given processes based on their preferences since they 

have to consider all the possible angles using all three cognitive 

abilities before they make a decision although they have their own 

preferred cognitive styles. Based on the comment, the result can be 

explained that construction professionals utilise three cognitive 

styles related to analytical knowledge and intuitions for 

construction projects simultaneously.   

 

Cognitive Styles based on Experience  

The cognitive styles of respondents have been further 

investigated based on their years of experience because knowledge 

and intuitions are mainly obtained from past experience. As shown 

in Figure 1, a certain pattern has been presented. As construction 

professionals have many years of experience, the Knowing such as 

Facts, Details, Rational, Logical, and Precision about a project 

have increased. It is obvious that more people experience, more 

lessons learned and tacit knowledge are accumulated. In contrast, 

the Planning style such as Planned, Organised, Systematic and 

Routine present a pattern of continuous decrease. According to 

interviewees, as construction professionals are located in a higher 

position over the time, many daily project tasks related to planning 

and organising are delegated to the professionals located in a lower 

position while they get involved in more authoring or final decision 

making processes. Thus, the level of involvement into a project 

planning based on a position or a rank is reflected on the pattern.   

Interestingly, the Creating style related to creative and 

innovative approaches to a problem or an issue of a project 

indicates the highest Mean value at the entry level of construction 

professionals while the most experienced construction 

professionals indicate a balanced level of cognitive styles in 

Planning and Creating. 
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x-axis: years of experience, y-axis: Mean value 

 

Figure 1. Trend of Cognitive Styles 

 

One respondent pointed out that the Creating styles such as 

innovative thinking are the most important skill required for a 

construction professional who strives to become from being 'good' 

to 'great'. The respondent was a recruiter, and he mentioned that 

the creative or innovative thinking is a factor in the recruitment 

process for graduates. Thus, it is evident that the entry-level 

professionals indicate more Creating styles. Respondents 

unanimously agreed that the Creating style might be the most 

important cognitive thinking style.  

Respondents emphasised that the need for a construction 

professional to be innovative including learning advanced 

construction technologies including BIM and other ICTs will be a 

key competence in the construction industry. Furthermore, 

construction companies continuously invest in reinventing and 

training employees to improve productivity. In terms of highly 

experienced professionals, they can adopt a balanced perspective 

between the Planning and Creating styles based on their 
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knowledge (the Knowing style) as they are highly experienced in 

various construction projects.  

 

Cognitive Styles based on Roles 

The cognitive styles based on the roles of respondents have been 

investigated to identify if there are any differences in the cognitive 

styles based on duties of each role. As shown in Figure 2, the site 

manager indicates the highest level of Knowing style, and the 

project manager indicates the highest level of Creating style 

among three roles. The Planning style is indicated higher level at 

the project manager and the quantity surveyor compared to the 

site manager. 

 

 

 

x-axis: Roles, y-axis: Mean value 

 

Figure 2. Cognitive Styles based on Roles,  

 
Project Manager 

Three cognitive styles are presented in a balance for a project 
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highest level, and an interviewee elaborates that more experienced 

project manager can resolve issues and problems in a creative way, 

and motivate project team members to develop innovative ideas. 

Furthermore, an interviewee, who is a project manager, 

commented that the duty of a project manager is required to plan 

and organise a project, and delegate tasks, and monitor work 

performances of project team members over a project life cycle. 

Consequently, well-balanced cognitive skills are required to carry 

out the given tasks, and this is why three cognitive styles are 

evenly indicated high and balanced for a project manager. 

 

Site Manager 
The site manager indicates predominance in the Knowing style, 

which is mainly related to insights and intuitions based on their 

experience and knowledge. As a site manager mainly works at the 

construction site, various site works require their immediate 

attention and decisions, which might be related to risks. 

Furthermore, there may not be sufficient time for them to 

analyse the entire situations and possible options, which is 

relevant to the construction site. One interviewee stated that the 

level of education or a type of education might impact on the 

cognitive style of a site manager since a typical site manager 

started his/her carrier from a tradesman while a project manager 

and a quantity surveyor typically complete a university degree 

course. Thus, it is identified that more intuitive and prompt 

response is required for a site manager to carry out the tasks. 

 
Quantity Surveyor 

The quantity surveyor heavily relies on the Planning style as 

they are responsible to analyse and estimate costs and develop a 

cost management plan. Interviewees commonly stated that a 

standard for developing a bill of quality such as the Australian 
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Standard Method of Measurement has already been well 

established. The standard is currently used across the supply chain 

of the construction industry to estimate all the construction works.  

Thus, a quantity surveyor presents a tendency to reply in the 

Planning style. One interviewee pointed that most of a quantity 

surveyors’ work related to costs and risks, i.e. numbers, and it is 

why using a commonly accepted standard is important compared 

to inventing a new way of measuring and planning costs. Based on 

this comment, it can be extrapolated why the Planning style is 

indicated high for a quantity surveyor. 

 

Reflections on Cognitive Styles and BIM 
The Planning style is recognised as the most preferred and 

frequently used cognitive style for each profession regardless of the 

number of years of experience. As BIM is capable of organising and 

planning diverse construction information over the life cycle, it can 

be considered that BIM can accommodate the Planning style, and 

even enhance the cognitive abilities (Akin, 2014). For project 

managers and quantity surveyors, the Planning abilities can be 

improved by adopting a BIM capability for time and cost 

estimation, which is named as 4D and 5D BIM capabilities. 

Effective coordination of design alternatives and informed decision 

making and instant updates on costs based on design alternatives 

throughout a project life cycle is the most important capabilities of 

4D and 5D BIM. These BIM capabilities are equivalent to the 

Planning cognitive abilities that are required the most for a project 

manager and a quantity surveyor to carry out their tasks. Thus, 

4D and 5D BIM capabilities would be the best way to utilise BIM 

for enhancing cognitive decision making processes and improve 

project productivity (Kim and Park, 2016).  

In contrast, the Knowing style is the most frequently used 

cognitive style for a site manager. Interviewees commonly stated 
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that site managers take their roles based on their varying amounts 

of experience from the construction field as a tradesman. In 

addition, the majority of site managers have a trade background, 

and the trading based experience is highly valuable for the job 

since they should be able to fully understand the requirements as 

an onsite supervisor daily basis. Thus, it is evident that site 

managers indicate the Knowing styles as their preferred cognitive 

skills as it utilise their experience and intuitions.  

In alignment with the importance of knowledge from the past 

experience, there have been recent researches focusing on the 

knowledge management using BIM for construction tasks, safety 

and risk management (Ding et al., 2016; Deshpande et al., 2014; 

Pishdad and Beliveau, 2010). The studies assert that tacit 

knowledge from construction personnel should be captured and 

shared for better decision making and improved safety and risk 

management. More importantly, the essence of the knowledge 

management framework based on a BIM system is a ‘human being’, 

not a software or technical skills. Based on the studies, the 

construction industry should archive the insights and intuitions of 

a site manager, and share it with project team members via a BIM 

system to facilitate the Knowing cognitive skills. All the 

interviewees agreed that creativity is required more than ever in 

the construction industry, while they also argued that typical day 

to day tasks are not necessarily required innovative approach, 

which requires a learning curve or extra efforts to make it works. 

Consequently, the Creating cognitive skills are often considered 

as less important compared to other two Knowing and Planning 

cognitive abilities under the tight construction schedule. However, 

many construction companies are keen on investing their capital 

in advanced technologies and relevant trainings for employees, and 

the creative and innovative approach to a new technology and new 

workflows are essential to achieve a competitive advantage against 
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other companies. Indeed, BIM is a new methodology and an ICT 

technology to deliver a project outcome to a client with agreed 

quality, cost and time, and interviewees also agreed that proper 

and timely training for BIM and any other relevant new ICT 

technology would help them to increase the Creating cognitive 

abilities as well as other cognitive abilities. 

 
CONCLUSION  

 

This research investigates three major cognitive styles – 

Knowing, Planning and Creating skills of construction 

professionals – to make a proper decision in a BIM environment. A 

mixed method comprised of a questionnaire survey and an 

interview was adopted to identify the most frequently used 

cognitive styles based on the number of years of experience and the 

roles of respondents including a project manager, a site manager, 

and a quantity surveyor. As a result, the Planning and Knowing 

styles are the most frequently used cognitive skills for a decision 

making, and the Creating style is the relatively less frequently 

used ability to make a decision for a daily based task. 

This study recognised that the 4D and 5D BIM capability to 

manage time and cost of a construction project can be an enabling 

tool to enhance the Planning and Knowing cognitive abilities of 

project managers and quantity surveyors. A knowledge 

management capability of a BIM system can be potentially used to 

capture and share the knowledge and intuitions of construction 

professionals and eventually can enhance the Knowing styles, 

which is the most preferred cognitive style for a site manager. 

It is also revealed that the construction industry increasingly 

requires a creative and innovative idea, which is the Creating 

cognitive ability, to improve productivity and make a better 

decision. Furthermore, proper trainings are required for 
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construction professionals to increase their innovative and creative 

cognitive skills for their tasks. The research findings are expected 

to serve as a stepping stone to further investigate human cognitive 

abilities in a BIM environment, and to provide insights for an 

organisation or a project team how to adopt BIM for better decision 

making based on the cognitive styles. 

 

ACKNOWLEDGEMENTS 

 

The authors would like to thank the Australia-Korea Foundation 

for its support for research collaboration between Australia and 

Korea 

 

REFERENCES 

 

Akin, Ö . (2014). Necessity of Cognitive Modeling in BIM ’s Future. 

Building Information Modeling: BIM in Current and Future 

Practice, Chapter 2, 17-27. 

Chai, L. & Chai, L. (2007). Transforming process from traditional 

industrialization to modern industrialization in China: 

ecological perspective, Management Review: An 

International Journal, 2(2), 60-72. 

Carmel-Gilfilen, C. & Portillo, M. (2010). Creating mature thinkers 

in interior design: Pathways of intellectual development, 

Journal of Interior Design, 35(3), 1-20. 

Cools, E. & Van den Broeck, H. (2007). Development and validation 

of the cognitive style indicator, The Journal of Psychology, 

141(4), 359-387. 

Creswell, J. W., Fetters, M. D., & Ivankova, N. V. (2004). Designing 

a mixed methods study in primary care. Annals of Family 

Medicine, 2(1), 7-12. 



 

 

 

 

 

 

 
Management Review: An International Journal  Volume 12  Number 2  Winter 2017 

 

 

 

77 

 

 

 

Deshpande, A., Azhar, S., & Amireddy, S. (2014). A framework for 

a BIM-based knowledge management system, Procedia 

Engineering, 85 (2014), 113-122.  

Ding, L.Y., Zhong, B.T., Wub, S., & Luo, H.B. (2016). Construction 

risk knowledge management in BIM using ontology and 

semantic web technology, Safety Science, 87 (2016), 202–213. 

Dodiya, J. & Alexandrov, V.N. (2008). Navigation Assistance for 

Wayfinding in the Virtual Environments: Taxonomy and a 

Survey, 18th International Conference on Artificial Reality 

and Telexistence, Yokohama, 339-342. 

Eastman, C., Teicholz, P., Sacks, R. & Liston, K. (2011). BIM 

handbook 2nd ed.,Wiley, US. 

Esa, M., Alias, A., & Samad, Z.A. (2014). Project managers’ 

cognitive style in decision making: A perspective from 

construction industry, International Journal of 

Psychological Studies, 6(2), 65-73. 

Foque, R. (2011). Building knowledge by design, 4th International 

Meeting on Architectural and Urbanism Research 

Conference 2011, 1-6. 

Gervasio, H., Santos, P., Martins, R., & Simoes da Silva, L. (2014). 

A macro component approach for the assessment of building 

sustainability in early stages of design, Building and 

Environment, 73(2014), 256–270. 

Granadeiro, V., Correia, J.R., Leal, V., & Duarte, J.P. (2013). 

Envelope-related energy demand: A design indicator of 

energy performance for residential buildings in early design 

stages, Energy and Building, 61(2013), 215–223. 

Jul, S. & Furnas, G.W. (1997). Navigation in electronic worlds, 

Computer-Human Interaction, 29(4), 44-49. 

Joo, J. & Lee, S.M. (2006). Technical limitation factors of 

knowledge management systems and a new Approach, 

Management Review: An International Journal, 1(1), 5-17. 



 

 

 

 

 

 

 
Management Review: An International Journal  Volume 12  Number 2  Winter 2017 

 

 

 

78 

 

 

 

Kim, K.P. & Park, K.S. (2016). Implication of quantity surveying 

practice in a BIM-enabled environment, Pacific Association 

of Quantity Surveyors Congress 2016, 1-11. 

Kim, K.P., Ma, T, Baryah, A., Zhang, C., & Hui, K. (2016). 

Investigation of readiness for 4D and 5D BIM adoption in 

the Australian construction industry, Management Review: 

An international journal, 11(2), 43-64. 

Knight, A. & Ruddock, L. (2008). Advanced research methods in 

the built environment. Wiley‐Blackwell, UK. 

Kopper, R., Ni, T., Bowman, D.A. & Pinho, M. (2006). Design and 

evaluation of navigation techniques for multiscale virtual 

environments, IEEE Conference, Virginia, 175-182. 

Park, K. & Kim, K. (2017). BIM application and adoption in the 

UK housing sector. Integrated Building Information 

Modelling, Bentham Science, Chapter 2, 46-81. 

Pinch, S., Sunley, P., & Macmillen, J. (2010). Cognitive mapping of 

creative practice: A case study of three English design 

agencies. Geoforum, 41(3), 377-387. 

Pishdad, P. & Beliveau, Y. (2010). Integrating multi-party 

contracting risk management model with building 

information modeling, 27th International Conference on 

Applications of IT in the AEC Industry, Egypt, 1-10. 

Polit, D.F., Beck, C.T., & Hungler, B.P. (2001). Essentials of 

nursing research: Methods, appraisal, and utilization. 

Wolters Kluwer Lippincott Williams & Wilkins, US.  



 

 

 

 

 

 

 
Management Review: An International Journal  Volume 12  Number 2  Winter 2017 

 

 

 

79 

 

 

 

Appendix 1 – Cognitive Style Indicator Questionnaire 

 
Please indicate to what extent the following statements specify you.  

1- Strongly Disagree 

2- Disagree 

3- Neutral 

4- Agree 

5- Strongly Agree 
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