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a b s t r a c t

Building Information Modelling (BIM) implementation is considered a daunting reality because majority
of the construction players don’t know the potential benefits of the technology. Awareness of BIM ben-
efits and its implementation could significantly increase project productivity and performance. This study
is aimed to determine the influence of BIM benefits from the Malaysian construction stakeholders’ per-
ception towards its implementation. The study was carried out using survey questionnaire. Out of 590
questionnaires 268 were collected that represent a sample size of 346. Results revealed that most of
the construction companies lack of awareness about BIM technology. The statistical analysis showed that
productivity, time, cost, clashes, and communication are the most essential BIM benefits that concerned
the participants. The driving factors of implementation, on the other hand, were identified as Trust,
respect, commitment, early involvement, and knowledge. It is also found that there is a significant rela-
tionship between BIM benefits and its implementation.
� 2020 The Authors. Published by Elsevier B.V. on behalf of Faculty of Engineering, Ain Shams University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
1. Introduction

Construction projects processes are disintegrated in nature with
a complex life cycle. They are built-in sequence phases that is from
the initial phase of a project to its possible demolition that postu-
late a bulky documentation and information. The reality of con-
struction projects impose the interaction and integration of
different professionals from different organizations to perform
defined tasks within the scope and objectives of the project. The
presence of bulk documents and sharing of fragmented informa-
tion among the project stakeholders lead to the following: misun-
derstanding usually arise, frequent verification and clarifications
are often required, disappointment, lack of trust and conflicts
among them. As a result, of the aforementioned problems, the tra-
ditional goals (i.e. time, cost and quality) and productivity of a pro-
ject are usually affected. According to Crooty [1] poor standard of
information is the main issue of poor performance in the construc-
tion industry. Therefore, the improvement of information quality
between stakeholders should be of the highest possible standard
to ensure the effective performance of the construction industry.
Two key challenges were identified by Crooty [1] to cope with
the intensive information, the quality of the information generated,
and how this information would be communicated. However, the
BIM-based design technique promises to reduce the complexity
and difficulty of project management [2]. Thus, the construction
industry tended to transform from the conventional construction
practices to the BIM-based practices.

Now, with proper adoption and implementation of BIM, com-
plexities and difficulties in managing a project would be reduced
drastically [2]. BIM enhances the current communication process,
provides a collaborative platform, and supports interoperability
between the different business domains [3–6]. In addition, BIM
can increase the performance and enhance the productivity
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throughout the project life cycle if implemented successfully
[7–11]. It is seen as an innovative technology that represent build-
ings in a 3D geometric objects, interrlates the objects to one
another, and integrate themwith valuable information such as cost
and time. This model could be maintained for updating and
reviewing throughout the project cycle and its life usage.

This paper presents the influence of BIM benefits on construc-
tion practitioners’ decision toward its implementation. The main
aim of this research is to prioritize the BIM benefits according to
the Malaysian stakeholders’ perception and develop a theoretical
map of how those benefits could drive them toward BIM adoption
and implementation. Correspondently, the objectives of the study
are as follows:

1. Identify the most significant BIM benefits that influencing its
implementation in the Malaysian construction industry,

2. Scrutinize the relationship of the BIM benefits according to the
construction industry stakeholders’ perception to enhance its
implementation.

3. Validate the significant antecedent BIM benefits on its
implementation.

No comprehensive research has been conducted in the past to
evaluate the perception of the Malaysian construction players
toward the concerned benefits that influence their decision when
adopting BIM. However, the content of this research will enhance
and provide awareness to professionals and researchers to under-
stand the most concerned benefits to help increase the BIM adop-
tion and implementation in Malaysia.

However, effective implementation has always ensured the
achievement of benefits and vice-versa. So, BIM benefits should
influence construction industry practitioners to implement BIM.
This research develops a hypothesis that there is a significant rela-
tionship between BIM the benefits and the BIM implementation
which could influence the Malaysian companies/organizations to
consider the BIM implementation as shown in Fig. 1.
2. Literature review

2.1. Background of BIM

BIM also known as n-D modeling, virtual model, or virtual pro-
totyping technology can be defined as a collaborative platform to
process, produce, communicate, and analyze the construction pro-
jects using a digital information model throughout the project con-
struction life-cycle [11,12]. BIM according to Oraee et al. [6], is
defined as ‘‘a methodology with technological, agential and man-
agerial components”. It was innovated as a result of integrating
Information and Communication Technology (ICT) in construction
industry [4,13]. BIM was developed in the early 2000s in Architec-
ture, Engineering, and Construction context [4,11,14]. It was cre-
ated as a result of integrating Information and Communication
Technology (ICT) in the construction industry processes [4,13].
Since then it has been acknowledged as a catalyst for innovation
and productivity in the construction industry [15]. It was also
developed to solve the issue of collaboration [5,16], coping with
intensive information [1], reduce project time and cost [14], and
improving construction performance [4,14]. It also supports the
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Fig. 1. Influence of BIM Benefits on the BIM Implementation.
green building assessment and analysis [17]. In addition, it is rated
as an effective platform that provides less harmful buildings to the
environment, minimizes construction industry risks [16], resolves
complexity, and eliminates project management conflicts [2].

As is can be seen clearly, there is a Consensus among previous
researchers and industry professionals that BIM technology can
improve productivity and efficiency, enhance constructability,
minimize errors, and saved time and cost. These aforementioned
attributes this assists in delivering a more sustainable construction
process [15,18].

Several interpretations provided by previous researchers that
could illustrate the benefit of BIM. Some of them are as follows:

‘‘BIM is a new approach to manage building design and project
data in digital format throughout a building’s life cycle that pro-
vides the exchange and interoperability of information among
the stakeholders.” [16]

‘‘BIM was first introduced in the AEC industry to encompass all
design aspect, construction, and operation of the building.” [12]

‘‘BIM offers the stakeholders collaboration at different stages of
a building’s lifecycle, enabling them to insert, extract, update, or
modify information during the BIM process.” [3]
2.2. BIM awareness

The awareness of BIM implementation process, its benefits, and
its challenges were highlighted by many researcher as an impor-
tant aspects to encourage the industry to adopt it as a new method
for delivering the projects [19–23]. Memon et al. [20] revealed that
the lack of awareness is the reason for the slow adoption and
implementation in Malaysian. Awareness has raised a non-
exhaustive list of challenges to the BIM adoption and implementa-
tion such as; trusting new technology [9,13,19], building BIM skills
[9,10], proper BIM-based tools selection [24], understanding the
BIM project scope, and handling contracts [25,26]. Therefore,
increasing awareness will help overcomes challenges affecting
BIM adoption and implementation and consequently benefiting
from this technology [27].

2.3. BIM implementation

The implementation of BIM added significant benefits to the
construction industry, but at the same time it has a significant
impacted on its current practices, contractual policy, and business
model. This made industries and organizations to reshape [11,14].
BIM implementation incorporates a range of challenges and they
include the following: technical challenges [3,4,11], management
challenges [11], and environmental, financial and legal risks [3,4].

The relationship between the construction industry and practi-
tioners is described as a push and pull relationship [13,14]. This
relationship explains the need for initiating the BIM adoption to
promote information among parties, increase awareness, and
enhance its readiness to be implemented in their work environ-
ment [10,14]. The government plays the main role in promoting
the BIM implementation [11]. BIM implementation requires early
involvement of all the stakeholders [13]. Interoperability supports
collaboration, and personal commitment, motivation, and practi-
tioners behavior increase the diffusion of BIM [2]. Governmental
policy is viewed to be in line with the construction stakeholders’
perceptions of the value gained by the BIM implementation. There-
fore, this research believes that the BIM implementation should
focus on how organizations can achieve their concerned goals with
minimal losses and/or in a short period.
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2.4. BIM benefits

BIM technology is considered as a new platform for delivering
construction project [4]. BIM technology is an innovation that adds
valuable benefits to deliver construction domains throughout the
project lifecycle [2]. Utilizing BIM throughout the project lifecycle
supports the concurrent construction [14]. Certainly, it can also
facilitate development stages of a project lifecycle [5,28–31] from
the early conceptual phase through design, construction and oper-
ation phase to demolition [4,31].

Several researches identified the important benefits of BIM imple-
mentation to enhancing productivity and increasing efficiency. The
main benefits of BIM implementation are enhancing productivity
and efficiency. BIM has the ability to integrate time and cost which
supports real-time update and assesses efficient tracking and moni-
toring process along the project phases [32–34], BIM can also be
applied in the assessment and analysis of green building [17]. It can
also be used for clashes detection and design optimization [35,36].

The ability to apply BIM in different management processes and
analysesmake attainmentof highperformancepossible in construc-
tion industry. Understanding and acknowledging the value of BIM
make construction players’ decision to use BIM for their projects
very easy. However, to achieve that, it is important to identify and
convince the players the benefits of the technology provide.
3. Methodology

Similar to other researches, BIM benefits and its implementation
factors were identified through intensive literature review for the
design the formulation of survey questionnaire [21,25,26,37,38].
The questionnaire was designed to fulfil the objectives of this
research including awareness of the BIM implementation, the con-
cerned BIM benefits, and the BIM implementation success factors.
The data collection took place inMelaka, Kedah, Sabah, and Sarawak
state inMalaysia. The participants for the surveywere clients/devel-
opers, contractors, consultants, participants from Construction
IndustryDevelopmentBoard (CIDB), andMYBIMcenter fromPrivate
and public organizations with different background and experience
give a unique diversity in the research result.

A sample size of 346 was obtained from a total respondent pop-
ulation of 3533 using Morgan’s table for determining sample size
from a given population [39]. Out of 590 survey questionnaires
that were distributed, only 268 valid ones were retuned. The pre-
centage of the returned questionnaire is around 77% which is
acceptable limits by Akadiri, 2011 [40].

The valid responses were descriptively analyzed. It was found
that the despondence rate from Kedah and Sarawak represented
38% and 31% respectively while only 17% and 14% responded from
Melaka and Sabah respectively. According to the returned question-
naires, contractors responded at rate of 54% as the highest, followed
by clients/developers with 20%. Civil and structural engineer, archi-
tects and Mechanical, Electrical, and Piping engineers (MEP) scored
9%, 4%, and 2% respectively. Therewere other respondents from aca-
demic sectors, management and government representatives with
11%.Overall thenumberof companies andorganizations thatpartic-
ipate in the research is satisfactory because a sample size of 200
respondents is adequate for a statistical power of covariance struc-
ture models such as Structural Equation Modelling (SEM).
4. Results and discussion

4.1. Awareness of BIM

It seems that the BIM awareness level is still low in Malaysia.
Five levels of participants’ awareness were assessed as presented
in Table 1. Level three (moderately aware) was considered as the
acceptable level of awareness. The highest moderately awareness
level was found to be in Melaka with 39% then Kedah and Sabah
with 21% and 28% respectively. The total respondents who were
above the level moderately aware of the BIM technology in all
the states were around 45%. However, the highest percentage indi-
cated a low awareness level (slightly aware and not at all aware) in
all the States and the total was around 56%. Overall, the result
showed that awareness level in Malaysia is very low. Nevertheless,
there is a great opportunity for the Malaysian construction indus-
try to increase the level of awareness through the yearly organized
program such as seminars, exhibitions and workshops. This strat-
egy has proven its excellence to promote the BIM application by
encouraging the local organizations to shift from the conventional
construction practices to the BIM-based technology. For a success-
ful shifting, this research evaluates the most important benefits
that influence the stakeholders’ decision to initiate the BIM
implementation.

4.2. BIM benefits

Descriptive analysis was carried out to rank the importance
level of the identified BIM benefits based on their mean values.
Some researchers used the mean value of 4 as a cut-off to identify
the significant factors [41]. Similarly, this research adopted the
same value. The results showed that only 7 benefits out of the 18
identified benefits were ranked as significant with a mean value
greater than 4. All the significant benefits showed a standard devi-
ation below 1 which represent a good accuracy of the collected
data. Accordingly, a t-test was used to identify the most significant
benefit among the 7 benefits as used by Yunus et al., 2019, Ofori
and Kien, 2010, and Ekanayake and Ofori, 2004 [41,42], and [43].
In this study, the null hypothesis (benefits were neutral, insignifi-
cant, and very insignificant) is accepted if the t-value is smaller
than 2.10 (the critical t-value).

The significant benefits were increase productivity and effi-
ciency, assess time and cost associated with design change, and
eliminate clashes in design” as shown in Table 2. However, this
research adopted the top 7 benefits that are significant according
to the mean of �4.00.

The result from the Kruskal-Wallis one-way ANOVA test to
determine whether differences between stakeholders perceptions.
We want to test the null hypothesis that population medians are
equal, versus the alternative that there is a difference between at
least two of them [48]. Test revealed that no significant difference
between the stakeholders’ perception on the 7 essential benefits.
One benefit that the null hypothesis was rejected and there was
a slight differences across the key stakeholders in integrate con-
struction scheduling & planning this benefit. The difference was
found to be in clients/developers group.

The outcomes demonstrated that all the 7 advantages can be
factually considered as the most critical and significant to influence
the decision on the BIM implementation. Other benefits for exam-
ple, collaboration with other teams, facilitate site planning
analysis, increase sustainablility, promote transparency and inter-
operability, support safety management, and energy efficiency
analysis were ranked below the cut-off mean. A successful case
study illustrating the possibility to achieve those benefits through
the BIM implementation could motivate and increase the BIM
implementation. Since the respondents were from different organi-
zations, backgrounds, and experiences, their opinions and views
are very important to stimulate their concerns when promoting
the BIM projects. Therefore, the 7 significant benefits selected
and ranked as important will provide a sound basis upon which
decision-making guidelines for the BIM implementation can be
based.



Table 1
Awareness of BIM.

Melaka
%

Kedah
%

Sabah
%

Sarawak
%

Total
%

Awareness Not at all Aware 4 28 25 22 22
Slightly Aware 41 26 31 42 34
Moderately Aware 39 21 28 19 25
Somewhat Aware 13 17 17 12 15
Extremely Aware 2 8 0 5 5

Table 2
BIM Benefits Influence Malaysian Companies to Implement BIM.

No. Important benefits Mean Sd t-value The important benefits identified were also
supported by the below listed researchers

B1 Increase productivity and efficiency 4.08 0.78 2.72 [5,7,15,18]
B2 Assess time and cost associated with design change. 4.07 0.84 2.26 [9,10,44]
B3 Eliminate clashes in design. 4.07 0.77 2.37 [35,36]
B4 Improve multi-party communication and maintain synchronize communication. 4.02 0.77 1.57 [8,45]
B5 Integrate construction scheduling & planning. 4.01 0.75 1.43 [32–34]
B6 Identify time-based clashes. 4.01 0.79 1.36 [36]
B7 Monitor and track progress during construction. 4.00 0.81 1.16 [46,47]
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The observation during the data collection found that the con-
struction industry face a serious problem in term of construction
conflicts. As a result, project delay, cost overrun, and low-quality
is experienced. Practitioners acknowledge the benefits of BIM to
the construction projects, but they are reluctant to adopt it. Some
construction players believe that the construction industry should
enforce the application of BIM, while others comment that the
industry should provide evidence on how construction players
could implement BIM to achieve the desired benefits. The identi-
fied benefits are well known but prioritizing them is important
to understand the players’ perception regarding the BIM imple-
mentation. Interestingly, the highest-ranked benefit ‘‘increase pro-
ductivity and efficiency” was found to be in line with the
Construction Industry Transformation Program 2016–2020 [49]
of promoting BIM in construction projects. Moreover, governmen-
tal policy is viewed to be in line with the stakeholders’ perception
of the value gained from BIM implementation. Therefore, this
research recommends that the BIM implementation should focus
on how organizations can achieve their concerned goals with min-
imal losses and/or in a short period.
4.3. BIM implementation

Similarly, to the BIM benefits, the BIM implementation success
factors were ranked according to their mean values. A total of 24
factors were ranked as significant and very significant. The stan-
dard deviation was below 1 and this represent a good data accu-
racy. Accordingly, a t-test was used to identify the most
significant factors among the 24 benefits. The null hypothesis (fac-
tors were neutral, insignificant, and very insignificant) is accepted
if the t-value is smaller than 2.01 (the critical t-value). The very sig-
nificant factors were ‘‘mutual trust, respect, and personal commit-
ments to cooperation”, ‘‘early involvement and participation of
project teams”, and ‘‘early selection and capability to use appropri-
ate BIM software tool to perform the task” as shown in Table 3.
However, the results showed that 3 factors can be statistically con-
sidered as the most significant and relevant for the initial success
of the BIM implementation.

According to The Kruskal-Wallis test, the results revealed that
the null hypothesis that the distribution of the factors are the same
across different stakeholders is rejected for mutual trust, respect,
and personal commitments to cooperation with significant differ-
ence between clients/developers and other respondents, and
retained in the other two factors knows as ‘‘early involvement
and participation of project teams” and ‘‘early selection of the
appropriate BIM tools to perform the task”.

The factors above are essential for initiating the BIM implemen-
tation. It was observed that the mega organizations have a great
chance to maintain those factors and successfully implement BIM
faster than the Small and Medium- Enterprises (SME). This is
because the mega organizations have their own different depart-
ments such as architecture, engineering, and construction depart-
ments’ makeing it easier to work in the same environment, trust
each other, cooperate, and collaborate. Therefore, those organiza-
tions value the benefits of BIM. However, SMEs have different
interest, and each party focuses on its own benefits rather than
the project success, so they usually face difficulties to meet the
requirements for the BIM implementation. Even though they
acknowledge the BIM benefits but they believe that the interests
will not be equal.
4.4. Measurement and structural model

A measurement model demonstrates the existing relationships
between items and their underlying latent construct. The fit values
for both measurement and the structural models must fall within
at least one of the three fit index categories named as absolute
fit, incremental fit and parsimonious fit [52]. The minimum thresh-
olds of indices in measuring the measurement and structural mod-
els are shown in Table 4.

The statistics in Fig. 2 and Table 5 show that the measurement
model had a Root Mean Square Error of Approximation (RMSEA)
value of 0.016 (acceptable), Chai square (CMIN) of 65.831, and
degree of freedom (df) of 32. The Comparative Fit Index (CFI) of
0.979, CMIN/df of 2.057, Standardized Root Mean Squared Residual
(SRMR) of 0.016, and Close Fit (Pclose) of 0.077 were within the
excellent interpretation of the threshold value. Therefore, the fit
statistics are adequate within the acceptable thresholds and factor
loadings to establish convergence validity of the BIM implementa-
tion. The correlation occurred between the BIM benefit and its
influence on the BIM implementation was 0.24. However, the
structural equation model in Fig. 3 and the resulting path test of
two-tailed significance in Table 6 revealed that the BIM benefits
had a significant impact of 0.49 on the BIM implementation.



Table 3
BIM Implementation Factors.

No. Factors Mean Sd t-value The BIM Implementation factors identified were
also supported by the below listed researchers

BI1 Mutual trust, respect, and personal commitments to cooperation 4.07 0.71 2.49 [50]
BI2 Early involvement and participation of project teams 4.06 0.72 2.26 [3,15,18,23–26]
BI3 Early selection and capability to use appropriate BIM software tool

to perform the task
4.05 0.674 2.24 [22,24,25,51]

Table 4
Cutoff Criteria [52,53].

Measure Terrible Acceptable Excellent

CMIN/DF > 5 > 3 > 1
CFI <0.90 <0.95 >0.95
SRMR >0.10 >0.08 <0.08
RMSEA >0.08 >0.06 <0.06
PClose <0.01 <0.05 >0.05

Table 5
Model Fit Measures.

Measure Estimate Threshold Interpretation

CMIN 65.831 – –
df 32 – –
CMIN/DF 2.057 Between 1 and 3 Excellent
CFI 0.979 >0.95 Excellent
SRMR 0.016 <0.08 Excellent
RMSEA 0.071 <0.06 Acceptable
PClose 0.077 >0.05 Excellent
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5. Conclusion

This research investigated the influence of BIM benefits on the
Malaysian construction stakeholders’ decision on the BIM imple-
mentation. The study carried out through the identification of
the important benefits and factors affecting the initiation of BIM
implementation. A questionnaire survey was the basis of this
research. A sample size of 346 was obtained from a total respon-
dent population of 3533. Around 590 survey questionnaires were
distributed and only 268 were returned as valid ones. The results
revealed that the diffusion of Malaysian construction companies
to BIM implementation is very low. So, it is necessary for the con-
struction industry to promote BIM based on the practitioners’
interest. From the descriptive analysis, seven important benefits
identified as significant to stakeholders’ decision were; increase
productivity and efficiency, assess time and cost associated with
design change, eliminate clashes in design, improve multi-party
communication and maintain synchronize communication, inte-
grate construction scheduling & planning, identify time-based
clashes, and monitor and track progress during construction. These
benefits significantly influenced the practitioners’ decision to
enhance mutual trust, respect, and personal commitments to coop-
eration, get early involve and participate with other project teams,
and early selection and build capability to use appropriate BIM
software tools to perform the task. Although the evaluation of
the BIM productivity is complicated, case studies are often neces-
sary as evidence to present the BIM efficiency. A successful case
study illustrating the possibility to achieve practitioners’ benefits
Fig. 2. Influence of BIM Benefit on the BIM
through the BIM implementation could motivate and increase
the BIM adoption. There is an agreement regarding the BIM bene-
fits and the implementation requirements. Therefore, this paper
suggests that the Malaysian construction industry needs to
enhance the relationship between practitioners. It should focus
on a local case study as evidence that BIM can help them achieve
their goals and providing strategies for successful transformation.

In addition, SMEs organizations are recommended to identify
their strengths to initiate the BIM implementation, and encourage
professionals to develop their capability. Industry is recommended
to focus on a local case study as evidence that BIM can help
them achieve their goals providing strategies for successful
transformation.

Based on the findings, this research recommends the construc-
tion industry to enhance construction practitioners, especially
SMEs, to build trust, respect, cooperate, and participate through
involvement to successfully implement BIM. The impact of the par-
ties’ interest to the BIM benefits should be clarified for every party
involved in the project. It is a good strategy that the construction
industry focuses on a case study that involves local SMEs to iden-
tify the BIM implementation issues and difficulties. The govern-
ment should devlop a framework of parties’ participating in the
project to illustrate how they can meet their desired benefits. Ben-
efits presented in this research could be used as a good reference to
reflect the practitioners’ thoughts and how they influence the
essential factors for a successful BIM implementation.
implementation measurement model.



Fig. 3. Influence of BIM Benefit on the BIM implementation structural model.

Table 6
Hypothesis Testing.

Estimate S.E. C.R. P Label

Implementation <— Benefits 0.492 0.064 7.741 0.000 significant
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Authors found that there is a relationship between BIM benefits,
its success factors, and its challenges which affecting BIM imple-
mentation. Since this research covers only the benefits influence
BIM implementation, future work will be focusing in the influence
of BIM challenges to BIM implementation and Success factors to
BIM implementation then future research will provide a compre-
hensive framework for effective BIM implementation.
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