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Abstract 

Building Information Modeling (BIM) is a systematic process used to model 
information involving the use of computer-generated (n-dimensional) software to 
simulate the planning, design, construction, and operation of a building. Currently, 
BIM technology is an important approach used by most project clients (public and 
private) to boost project effectiveness in terms of time, cost and quality of 
construction projects to meet client demand. However, previous studies showed 
that BIM-based project implementation in Malaysia faces greater challenges due 
to project attributes that causes low demand of project clients to adopt BIM. 
Hence, the purpose of the paper is to investigate the impact of project attributes 
towards client demand by adopting BIM across project life cycle. A cross-
sectional survey was conducted in Malaysia among the three project stakeholders: 
the public sector, private sector, and contractors using BIM for their projects. 
Seven (7) significant project attributes (i.e., feasibility, definition, duration, project 
location, objectives, size and type) and three (3) triangle of client demand  
(i.e., time; cost; quality) were subjected to Parametric Pearson Correlation. The 
results showed that there exist a significant relationship between the project 
attributes and client demand. The results suggest that project clients (public and 
private) should take a consideration of project attributes in fulfilling the client 
demand at the early stage of project commencement to maximize the BIM benefits 
to other stages of construction. 
Keywords: attribute, Building Information Modeling (BIM), client demand, 
Malaysia. 
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1 Introduction 

Building Information Modeling (BIM) in its formative development in the 
Architectural, Engineering and Construction (AEC) industry, is a digital 
representation of physical and functional characteristics of a facility that link the 
database of project information (Ahmad Latiffi et al. [1]). In line with Ariyaci et 
al. [2], BIM is defined as the use of ICT technologies to streamline the building 
project lifecycle processes to provide a safer and more productive environment for 
its occupants, to assert a list possible environmental impact from its existence, and 
to be more operationally efficient for its owner throughout the building lifecycle. 
BIM, as a comprehensive concept of process and tools integrates all projects 
required data and information, reshaping the way construction project teams work 
together with the ultimate aim is to deliver a successful project outcomes  
(i.e., time, cost and quality) (Rohena [3]).  
     According to Karathodoros and Brynjolfsson [4], many construction players 
cannot yet recognise the potential benefits of BIM can offer. As such, they are 
reluctant to implement BIM even the benefits is clearly defined. In contrast, they 
criticize that implementing BIM will incur additional cost without clear and secure 
outcome (Khosrowshahi and Ariyaci [5], Karathodoros and Brynjolfsson [4]). Due 
to the insecure situations and the needs for the nation to become competitive with 
other developed countries, the success of BIM depends on the project attributes 
and the current need of the organization (client) involved. By implementing a 
function of BIM in a simple and low cost project might not have the desired 
outcome and wide benefits (Karathodoros and Brynjolfsson [4]). A clear project 
attributes is required to help the client determine whether function of BIM is 
effectively and successfully utilized to reap the full benefits of BIM. Client should 
define a project’s attributes that are appropriate for utilization of BIM in order to 
meet the clients’ demand in BIM-based project. Hence, the objective of this paper 
is to investigate the impact of project attributes towards client demand by adopting 
BIM across project life cycle. 

2 Project attributes in BIM-based project 

The project attributes have seven major attributes: project feasibility, project 
definition and formulation, project duration, project location, project objectives, 
size of the project and type of the project. These are crucial to successful BIM 
project outcomes. According to Kometa and Olomolaiye [6] and Tan [7], the types 
of the project can be classified into educational, institutional, residential, 
industrial, commercial, and recreational. The design and construction of the 
projects depends on the size and project location. According to them, the size of 
the project considering on the project cost, complexity of the design and 
construction, gross floor area, building height and technology required. Building 
projects also deals with the project location from small area to urban development, 
including remote and confined areas. A project begins with the idea and 
formulation of a concept, followed by a philosophy and the idea of the certainty 
in scope of work. A development plan is produced by a feasibility study to see the 
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viability and marketability of idea by considering the risk allocation. Project 
feasibility is needed so that an appropriate action can be taken as preparation 
before the project commencement. However, in implementing this, there must be 
certain specialization of personnel appointment towards BIM application. This 
also enclosed with BIM documentation such as BIM Guidelines, BIM Execution 
Plan or BIM template to run the BIM process into the project. In order to achieve 
a successful BIM-based project, it is vital to set the stakeholders' objective, value 
for money in BIM, and suitable selection method of procurement. These goals 
could be based on project performance and include items such as reducing the 
schedule duration, achieving higher field productivity, increasing quality, 
reducing cost of change orders, or obtaining important operational data for the 
facility (PSU [8], Jadhav [9]). The problem becomes more complex when dealing 
with multi-disciplined design environments (Ibrahim [10]) that influenced the 
briefing stage. In such an environment, it is preferable to bring up the issue of data 
sharing in terms of formats and platforms at early stage. The best solution is 
integrating the whole team to the same platform when possible; otherwise it is very 
crucial to bring up the process of file formats conversion and compatibility. 

3 Time, Cost, and Quality (TCQ) of client demand in  
BIM-based project 

In the development of a BIM-based project, some project stakeholders failed to 
appreciate the potential of BIM. As such, to a certain extent it is inevitable for 
project client to enforce project teams to incorporate BIM in construction projects 
(Henttinen [11]). Initially, clients’ demands are across project phases from strategy 
formulation until completion. This means to say that client demands in the project 
to be constructed are within budget and frequent cost information, value adding 
activities, stipulated time frame, and high standard quality products (PSU [8]). 
According to Porwal and Hewage [12], clients can drive the significant 
improvement in the cost, value and carbon performance through the use of BIM 
as an open and shareable asset information model. One of the most important steps 
in the planning process is to clearly define the potential value of BIM among 
project team members through defining the overall demand for BIM 
implementation. These demands could be based on project performance and 
include items such as reducing the schedule duration, achieving higher field 
productivity, increasing quality, reducing cost of change orders, or obtaining 
important operational data for the facility (PSU [8], Jadhav [9]). It is classified 
into three iron triangle of client demand (i.e., time; cost; quality), which acts as 
critical objectives of project success, are not independent, but intricately related in 
project accomplishment. 
     Time: major criterion of project success by the clients, contractors, and 
consultants alike. There is a universal criticism of failure in the construction 
industry due to the time in delivering the projects. Objective of time in BIM refers 
to achieving needs of time as stipulated on the benefits of BIM process. The 
benefits of BIM in time are: to improve design reviews, more faster and effective 
process, impact of clash detection and better collaboration (Rajendran et al. [13]). 
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The clients’ objectives can be achieved through an organised interdependence of 
time, cost, and quality. 
     Cost: clients mostly are concerned with the overall profitability and 
accountability of the projects generally. However, through an organised of cost 
management needs, i.e. resource planning, cost budgeting, cost control and cost 
estimating will cause to reduce expenses of cost in the projects. Thus, in case of 
BIM, project saving are considerably high at the early stage of project involvement 
(design phase). This is due to the coordination issues that could reduce of trade 
conflicts among project stakeholders. BIM in cost involved reduces the errors in 
take-off estimating and visualization of construction and fabrication works 
(Rajendran et al. [13]) that mostly involving the highest cost in the process. 
     Quality: an ambiguous term to understand differently by different people. It is 
sometimes defined as activities designed to improve organisation service known 
as pre-defined standards (Rezaian [14]). Improving quality is to enhance the 
customer (end-user) satisfaction, function as intended, comfort, and increase 
productivity. It is also believed that refers to the proper quality management 
mostly in design and construction phases. It recognised three category of quality: 
functionality, comfort, and impact (Ahmad [15]). Quality on functionality refers 
to the arrangement, quantity and inter-relationship of spaces and how the building 
is designed to fulfil client need. In addition, quality on comfort refers to how well 
the building is constructed, its structure, engineering system, safety quality, the 
coordination of the building, and their performance. Meanwhile, quality on impact 
refers to the ability of the building to delight, uplifts local community and 
environment, intrigues and design contribution of architecture. Table 1 shows the 
matrix of the variables of project attributes upon client demand. 

Table 1:  Project attributes upon client demand. 

Project attributes 
  

Client demand 
Time Cost Quality 

Project feasibility  √ √ √ 
Project definition and formulation  √  √ 
Project duration  √   
Project objective  √ √ √ 
Project location   √  
Size of the project  √ √ √ 
Type of project  √  

4 Methodology 

The research utilised a structured questionnaire survey method of three principal 
target groups within the construction industry, focusing on the states of Selangor 
and Kuala Lumpur in Malaysia. The data of collection exercises were held in 
Malaysia over a period of one month (26th March to 28th April, 2015). A ten-page 
structured questionnaire was distributed to the three target groups, representing a 
mixture of professionals including those dealing with design, construction, project 
management, quantity surveying, construction, facilities management, and clients 
of construction projects. The three targeted group were: public sector, private 

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 149, © 2015 WIT Press

62  Building Information Modelling (BIM) in Design, Construction and Operations



sector, and contractors. Samples were randomly selected from the listing provided 
by the respective professional institutions and Construction Industry Development 
Board (CIDB) through National BIM Committee. To measure these attributes, a-
five-points Likert type scaled items were deployed for which the participants were 
asked to indicate their level of agreement and disagreement. 
     As shown in Table 2, a total number of 85 questionnaires were sent out to the 
target groups (public sector, private sector, and contractors) within the 
construction industry over a period of one month. Out of this, 30 questionnaires 
were completed and returned representing a response rate of 35.29 percent which 
is acceptable in construction management research (Dulami et al. [16]). Thirteen 
respondents (44.83%) were from the public sector, followed by 12 respondents 
(32.43%) from the private sector and 5 respondents (26.32%) from the contractors. 
The poor response from contractors could be due to the limited time frame and 
lack of expertise and knowledge in BIM. The range of respondents experience in 
term of years in the BIM is between 2 and 6 years. This is expected due to BIM 
was just introduced in Malaysia construction industry since 2007, representing an 
executive level of experience in the sample. Despite the volume of questionnaire 
(10 pages) is essential to capture the issues of attributes influencing demand in 
BIM implementation, it might have the responsible for the seemingly low response 
rate since the data collection are still ongoing for further response for the purpose 
of PhD main data collection. Nevertheless, off late this questionnaire was 
completed by the various respondents in Malaysia, thus, give some of confidence 
that the responses are reliable.  

Table 2:  Respondents’ profile. 

Respondents  
(type of organisations) 

Questionnaire 
distributed 

Responses 
returned 

Percentage  
of responses (%) 

Public sector 29 13 44.83 
Private sector 37 12 32.43 
Contractors 19 5 26.32 

TOTAL 85 30 35.29 

5 Data analysis, findings and discussion 

5.1 Reliability of data 

Cronbach’s Alpha is the most common method of examining the reliability in 
internal consistency. The calculation of the Cronbach’s Alpha is based on the 
number of items and the average inter-item correlation. It ranges from ‘0’ for a 
complete unreliable test to ‘1’ for completely reliable test (Hinton et al. [17], 
Pallant [18], Coakes and Ong [19]). Nunally [20] suggests in the range of 0.50–
0.60, while Hinton et al. [17], Takim [21], and Takim et al. [22] suggest the scale 
range of 0.50–0.75. Table 3 shows the result for the reliability based on the 
Cronbach’s Alpha value. The result presented show that the Cronbach’s Alpha is 
in the range of 0.559–0.957 indicating that the data collected are interrelated and 
reliable. 
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Table 3:  Reliability of data. 

5.2 Parametric Pearson correlation 

     Table 4 shows the result of correlation between project attributes impact client 
demand in BIM-based project. It can be seen that there is a strong relationship 
between ‘project feasibility’ and ‘cost’ with negative correlation of r value = -
0.673, (p-value=0.000<0.05). This is in line with Rajendran et al. [13], that project 
savings are considerably high when using BIM at the early phase of the projects. 
Moreover, a medium positive coefficient of correlation value, r = 0.442 between 
‘project feasibility’ and ‘time’. This is corroborates with O’Brien [23] that 
selection of wrong technology in the early phase of BIM project commencement 
at the same time will affects the performance.  
     The next project attributes is project definition and formulation. It can be seen 
that there is a strong relationship between ‘project definition and formulation’ and 
‘quality’ with positive correlation of r value = 0.614. This implies that the scope 
of work such as accuracy in detailed BIM design will increase the quality of 
construction projects (Ahmad Latiffi et al. [24]). 
     Besides, a strong positive coefficient of correlation between ‘project duration’ 
and ‘quality’ with r value of 0.578 occurred. According to Rajendran et al. [13], 
BIM assist in system coordination through clash analysis tools to discover and 
resolve conflict which affected the quality of the building. Therefore, project 
duration could be shorter and quality of the building is achieved.  
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Category Cronbach’s Alpha No. of  Item 
Project feasibility 0.890 6 
Project duration and formulation 0.894 4 
Project duration  0.892 5 
Project objective 0.903 3 
Project location 0.829 8 
Size of the project 0.800 6 
Type of project 0.873 6 
Time 0.559 7 
Cost 0.951 12 
Quality (functionality, comfort, and impact) 0.957 35 

A correlation analysis is preformed to describe the strength and direction of the 
two variables co-relates. According to Pallant [18], correlation provides an 
indication that there is a relationship between two variables, however it did not 
indicate that one variable cause another. The statistical measures value from -1 to 
+1 where -1 indicates a perfect negative correlation, to +1 indicates a perfect 
positive correlation. A correlation of 0 indicates no relationship between the two 
variables. Pearson’s coefficient of correlation indicates the two variables must be 
quantitative and normally distributed. A strong correlation indicates there is only 
a small amount of error whilst, a weak correlation indicates a lot of error and the 
points are more scattered. As cited in Pallant [18], he suggested a small r = 0.10 
to 0.29, medium r = 0.30 to 0.49, and large r = 0.50 to 1.0. Since the data obtained 
is normally distributed, the parametric Pearson correlation is employed to 
determine the relationship of project attributes and client demand. 



Table 4:  Results of correlation. 

 
 1 2 3 4 5 6 7 8 9 10 

1 Project 
feasibility 

  0.686** 0.751** 0.697** 0.457* 0.379* 0.497** -0.673** 0.301 0.442* 
   0.000 0.000 0.000 0.011 0.039 0.005 0.000 0.106 0.014 
2 Project 

definition and 
formulation 

   0.918** 0.847** 0.734** 0.415* 0.403* -0.030 0.614** 0.224 
    0.000 0.000 0.000 0.023 0.027 0.875 0.000 0.234 

3 Project 
duration 

    0.692** 0.604** 0.512** 0.433* -0.213 0.578** 0.259 
     0.000 0.000 0.004 0.017 0.258 0.001 0.168 
4 Project 

objective 
     0.639** 0.114 0.153 -0.195 0.246 0.209 

      0.000 0.549 0.418 0.302 0.190 0.267 
5 Project 

location 
      0.481** 0.144 0.029 0.703** -0.144 

       0.007 0.447 0.880 0.000 0.448 
6 Size of the 

project 
       0.697** -0.101 0.539** 0.194 

        0.000 0.594 0.002 0.304 
7 Type of  

project 
        -0.234 0.349 0.305 

         0.213 0.059 0.102 
8 Cost          0.337 -0.070 
          0.069 0.713 
9 Quality           0.175 
           0.354 
10 Time            
            
**Correlation is significant at the 0.01 level (2-tailed). 
*Correlation is significant at the 0.05 level (2-tailed). 
 

     A strong positive coefficient of correlation revealed a value, r = 0.703 between 
the ‘project location’ and ‘quality’. This may be due to the complexity of location 
with large scope of work will always associated with a high value of quality. 
According to Kozak [25], BIM could be apply to any area of project since BIM 
significantly help in quality design and the delivery for the entire project.   
     Based on the results, the ‘size of the project’ has a strong positive coefficient 
of correlation towards ‘quality’ with r value of 0.539. This implies that the 
complexity in design requirement due to the size of the project could be eliminate 
by design review in early stage through integration all parties involved in  
BIM-based projects and significantly remain quality (value for money) (Rajendran 
et al. [13], Bowen and Cattel [26]). 

5.3 Comparative discussion 

Table 5 shows a comparison of result between literature search and questionnaire 
survey. The literature search consist of seven attributes namely, feasibility, 
definition, duration, project location, objectives, size and type and triangle of 
client demand (i.e., time, cost, quality).  
     The first key attributes discussed the project feasibility as the basis of client 
demand consisting the time, cost, and quality as according to Rajendran et al. [13], 
by triggering at the early stage of the project. Despite BIM could reduce the project 
costs through systematic collaboration, it also provide future building visualization 
in term of performance (quality) and time saving for the client. Nevertheless, the 
coefficient correlation result failed to show that quality is correlated to project 
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feasibility. This is due to the fact that most of respondents were from the private 
sectors (developers) that are mostly concern on the time and cost instead of quality 
deliverables.  

Table 5:  Comparison of results. 

Literature review Questionnaire analysis 
Project attributes 

 
Client demand Parametric Pearson correlation 

Time Cost Quality Time Cost Quality 
Project feasibility  √ √ √ √ √  
Project definition 
and formulation  

√  √   √ 

Project duration  √     √ 
Project objective  √ √ √    
Project location   √    √ 
Size of the project  √ √ √   √ 
Type of  project  √     

 
     Next, the project definition and formulation that indicates basically on the 
concept of BIM, platform and scope of work. From the literature search, it showed 
that Client demand on project time and quality has positive impacts on project 
definition and formulation. This contradicts to the results of the questionnaire 
analysis that failed to regard time as important during the project definition and 
formulation. The probable reason could be due to the fact that BIM in Malaysia 
has just started and most of the respondents are still unsure of the benefits of BIM 
that could affect the time and cost problems as mentioned by Rajendran et al. [13]. 
     In project duration, however, once again the results obtained contradict to 
findings from previous research. Time is correlated in project duration based on 
literature, however in this research; quality is correlated to project duration based 
on questionnaire analysis. For that reason, lack of early integration on design 
reviews has contributed to errors in design and construction. Hence, they 
perceived BIM could assist in detection of errors and omissions for building 
quality purposes (Rajendran et al. [13]). 
     Another essential point is the correlation between project attributes of project 
objective with time, cost, and quality. Surprisingly, there is no correlation found 
from the questionnaire analysis. The probable reason for this predicament is that 
most of the project objective is determined by the top management, hence the 
support from top management is an important element for adopting BIM 
technology (Zakaria et al. [27]) in determining projects’ objective. 
     Once again, in term of project location, the literature search revealed that cost 
is much correlated by the location of the project such as rural, swampy or remote 
areas. Surprisingly, the results of the questionnaire analysis failed to be in line with 
the literature search. The justification for the dilemma is that, in Malaysia, project 
quality used to be emphasised by most construction players in particular when 
dealing with BIM-based project (Rajendran et al. [13]) at remote areas. This means 
to say that cost is not the main problem with regards to the high risk projects. 
     Besides, the coefficient correlation revealed that the impact of size of  
the projects is only correlated to project quality and not to time and cost. The 
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contention could be due to most of BIM-based projects that are of high complexity 
in design requirement and to date, there is no standard of BIM implementation 
guidelines in Malaysia at the national level (Zakaria et al. [27]). As such size and 
quality is very much correlated compared to time and cost. Since the data collected 
based on perception, some of the respondents could misinterpret the purpose of 
the study. 
     Finally, there is no coefficient correlation that appear from the questionnaire 
analysis in term of time, cost, and quality to type of the project. The reason is that 
the implementation of BIM-based project for educational, industrial, commercial, 
and institutional in Malaysia is still low and stagnant (Zakaria et al. [27]).  

6 Conclusion 

This paper examines the current views on identifying the correlation of project 
attributes towards client demand. The project attributes have revealed seven (7) 
attributes. These are: feasibility, definition, duration, project location, objectives, 
size and type, while the three triangle of client demand are: time, cost, and quality. 
In the end, the findings revealed six (6) coefficient correlations of the impacts. 
These are: project feasibility is correlated to time and cost; project definition and 
formulation, project duration, project location, size of the project are all correlated 
to quality. Undoubtedly, these findings indicate that quality is the most essential 
factor by most Malaysian construction players in BIM-based project. Although the 
sample is small (30 respondents) for the time being, it findings cannot be discredit. 
Further research is to explore the relationship between the client attributes and 
client demand and the result will be reported in due course.  
     The research presented in this paper is part of an on-going PhD research study 
at the Faculty of Architecture, Planning and Surveying, UiTM Malaysia to develop 
a framework of client governing in Building Information Modeling (BIM) 
implementation. The result of the study could provide an insight into Malaysian 
construction projects environment and could offer a valuable guideline, in 
particular to industry players that are going to implement BIM based-projects. 
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