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Abstract: Maintaining the proper interface management among the construction stakeholders is becoming more crucial
due to the interconnected nature of construction work. Adopting and implementing building information modelling (BIM)
technology can aid in the proper execution of construction projects. Therefore, the main goal of this study is to evaluate
the effective factors of BIM using DeLone and McLean’s (DM) model. The DM model's factors evaluate the system or
technology in terms of system quality, information quality, service quality, and most importantly, the system's net benefits
and user satisfaction. The questionnaire was developed with the expert's opinion and the survey was conducted. As mega-
projects have more complicated and various levels of information sharing, this study targeted collecting responses from
industrial project practitioners in India. From the survey, a total of 166 responses were obtained. Using these data, the
frequency test, reliability test, and the relative importance index (RII) were performed. These effective factors of BIM
contribute significantly to project performance improvement through proper interface management and communication
among stakeholders. The findings of the study emphasized the importance of user satisfaction and the net benefits of BIM.
Thus, this study provides further insights to increase the adoption and implementation of BIM technology.

Keywords: Building information modelling (BIM), interface management, BIM adoption and implementation, megapro-
jects, DeLone and McLean’s model.

1. Introduction

Building information modeling (BIM) is a relatively new IT (Information Technology) tool that facilitates collaboration
between the construction stakeholders (Zuppa et al., 2009; Vilutiene et al., 2021) and it is an important part of the construction
industry's digital transformation (Papadonikolaki, 2018). Because of its benefits at various stages of a building's life cycle,
BIM is gaining popularity around the world (Ding et al., 2015; Loyola and Lopez, 2018). BIM spreading its implementation
from developed to developing countries (Jin et al., 2017). Moreover, BIM has the potential to be a solution to construction
problems, but its implementation is not without risks and difficulties (Ozorhon and Karahan, 2017; Datta et al., 2023). On the
other hand, the complicated projects are broken down into interface points that are then managed for accountability, commu-
nication, and coordination. Each project participants (i.e., architects, engineers, consultant, contractors, and clients) are
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accountable for the development of at least one project component or system (Matoseiro Dinis et al., 2024). Since mega-
construction projects are inherently complex and large in scope, there is a major requirement for supporting the smooth project
management processes (Daniels et al., 2014). Furthermore, poorly managed interfaces result in design flaws, system failures,
and other construction problems. Therefore, Interface management (IM) has evolved into the most critical component of an
effective project management approach.

The widespread adoption of BIM technology is largely due to the perception that it enables the sharing and collaboration
of information throughout a project's life cycle (Lee et al., 2015). Although many researchers and practitioners agree on the
practical application and advantages of BIM in the construction industry, it is still undefined why BIM is supported and what
factors contribute to its implementation (Lee et al., 2015). Similarly, proper communication and information sharing can
reduce the significant proportion of rework in the projects. Thus, the proper interface management can help in determining
the project cost, scheduling, and quality that affect the construction projects both directly and indirectly (Lin, 2015). By
considering these statements, this study concentrates on measuring the effectiveness of BIM utilization in construction pro-
jects. Similarly, there is currently no comprehensive approach or methodology for evaluating the industrial adoption of BIM
technology (Tsai et al., 2014).

This study introduces a novel application of the DeLone and McLean (DM) model to evaluate the effective factors of
Building Information Modeling (BIM) in enhancing construction interface management. While previous research has ex-
plored BIM's impact on various aspects of construction, this study is distinct in its focus on how the DM model can be
specifically applied to assess BIM's influence on interface management within construction projects. Thus, the objectives of
this study are: 1- to identify the effective factors of BIM through the literature review, 2- to evaluate the factors based on the
construction industrial project practitioners’ perception, 3- to determine the most influencing factors of BIM, and 4-to suggest
the solution for construction improvements. The paper is organized as follows: Section 2 provides a literature review of BIM
and interface management. Section 3 outlines the methodology used in the study; Section 4 presents the results and discusses
the findings in relation to the research objectives. Finally, Section 5 concludes the study, highlighting the implications for
practice and suggesting areas for future research.

2. Literature review
2.1. BIM adoption, implementation, and utilization

Zuppa et al., (2009) surveyed architecture, engineering, and construction (AEC) professionals to evaluate the most widely
accepted definition of BIM and its influences on project performance metrics. According to the survey findings, BIM is
considered a tool for visualizing and coordinating AEC work, avoiding errors and omissions, and enhancing the productivity,
schedule, safety, cost, and quality of construction projects. Khosrowshahi and Arayici (2012) established the concept of BIM
maturity for enhancing its implementation in the UK construction industry.

The result of this study is a road map for BIM implementation in the United Kingdom, which lists the issues that need to
be solved as organizations' concerns. Hameed Memon et al., (2014) said that BIM allows for the multi-dimensional visuali-
zation of designs as well as the provision of all project-related information prior to construction. Additionally, they examined
the advantages and disadvantages of BIM, as well as implementation barriers, and proposed effective strategies for increasing
BIM adoption in the construction industry. From the survey results, 95 completed questionnaires were analyzed using the
average index and the relative importance index methods. BIM's primary benefits include improved scheduling, improved
drawing coordination, cost control, and a single detailed model.

As a result, the lack of qualified staff capable of operating the software, unfamiliarity with the technology, and an absence
of parametric libraries are found to be the primary impediments to poor BIM implementation. Tsai et al., (2014) examined
the influential and key factors of BIM adoption to predict the critical success factors (CSFs) using a survey method and data
analysis. The findings suggested that the key factors "defining project goals before forming teams" and "coordination and
integration among professions™ were found to be very essential among the "top management support" and "functionality and
design validation" of BIM tools. Wang and Chien, (2014) studied the use of BIM in the project planning and scheduling
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processes of the Australian construction industry. The findings of the study show that BIM awareness is not as widespread as
previously thought, but the technology acceptance is increasing among the young population.

Thereby incorporating BIM into project planning and scheduling will enhance the interfaces, data exchange, and an effi-
cient change management system. Ding et al., (2015) examined a better understanding of how practitioners such as architects
adopt BIM in order to implement it effectively in the construction industry. The study results proposed that motivation, BIM
technical defects, and BIM capability had significant effects on architects' BIM adoption but the knowledge and structure
management support had no effect. Additionally, they said that AEC firms and project managers need to provide BIM training
to architects to increase their likelihood of using BIM on future projects. Lee et al., (2015) proposed a BIM acceptance model
using Structural Equation Modeling (SEM). Through the review of the literature on technology acceptance and behavioral
theories, they identified the key components using this BIM acceptance model (BAM). Kim et al., (2016) result suggested
that examining the differences in participants' use intentions and attitudes toward BIM will support the development of more
suitable and efficient strategies for activating BIM adoption. Yaakob et al., (2016) proposed that BIM had the potential to
enhance the construction industry's actual performance in terms of cost-effectiveness, project quality, and time to market.
Apart from that, the benefits of BIM in industrialized construction are far more advantageous to the majority of stakeholders
when it comes to project implementation.

As a result, the paper concludes that the low adoption rate is also a result of issues with readiness, a lack of prior BIM
experience, a lack of BIM knowledge, and a lack of market demand for BIM. Ozorhon and Karahan, (2017) conducted a
questionnaire survey among Turkey's public and private sectors participants. From the results, the three most critical factors
identified are (1) qualified personnel availability, (2) effective leadership, and (3) information and technology availability.
LIAO and TEO, (2017) identified critical success factors (CSFs) for improving BIM implementation and examined their
interrelationships. A total of fifteen CSFs were determined through factor analysis and classified as integration and model
accuracy, commitment and training from management, and benefits and implementation support. The proposed framework,
which defines the CSFs and their relationships, enables a thorough understanding of BIM implementation and can assist firms
in committing to project-wide BIM adoption.

Song et al., (2017) attempted to study the BIM's success in terms of user satisfaction while accounting for the mediating
effect of top-management support. It is based on the user satisfaction literature for information systems and enterprise resource
planning. A survey among the BIM users in China examined the effects of four factors (system quality, information quality,
external service, and top-management support) on user satisfaction. And the result concluded that other than system quality
all the factors had a considerable impact on BIM user satisfaction. Papadonikolaki, (2018) conducted three case studies for
the qualitative analysis using the loosely coupled systems theory to determine the relationship between BIM adoption drivers
and project implementation of BIM. According to the empirical data results, there is a need for enhancing the compatibility,
inter-firm knowledge mobility, and inter-firm power dynamics. Won and Lee, (2019) aimed at highlighting the importance of
CSFs in determining the success of projects (i.e., software selection criteria).

2.2. Interface management

Siao and Lin, (2011) said that construction interface matrix (CIM) is used to represent information about interface issues
among the project participants. This technique allows the project managers and participants to quickly access information
necessary for efficient interface management. The testing results imply that the CIM system is capable of assisting with
interface management during the construction phase. According to the findings of Tian, (2013), a new interface categorization
was proposed into four categories: time interfaces, relational interfaces, information interfaces, and environmental interfaces.
The term "time interfaces" refers to the connections between project stages, the connections between various processes, and
the connections created by the numerous connected factors in a project. Maintaining a smooth information exchange through-
out the duration of the project is critical to its success, and thus the project management of the informational interface should
be strengthened. Lin, (2013) suggested that the participants in IM can identify and track interface or changed events, which
enables them to optimize construction processes, minimize rework, and reduce the overall duration. This research established
a practical methodology for tracking and managing interface events by utilizing network-based interface maps (NBIM). NBIM
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enables practitioners to obtain a comprehensive view of previous and current interface events occurring within a selected
project, as well as to exercise appropriate advanced control and management of interfaces. The goal of this study is to propose
and develop a web-based construction network-based interface management (CNIM) system to facilitate the monitoring and
sharing of interface information. The CNIM system is used to validate the proposed methodological approach and illustrate
the efficacy of interface management through a case study of a Taiwanese building project.

Daniels et al., (2014) said that due to the complexity and scale of mega-construction projects, managing them requires
additional effort. Interface management systems have been investigated as a possible solution for managing complex mega-
projects. It describes a megaproject that resulted in the development of an interface management system to manage the pro-
ject's numerous organizational interfaces. The focus of this article is to evaluate the management plan's compliance with
current interface management system models and the management plan's implementation by participants. As a result, interface
management is still being studied as a means of increasing construction efficiency. Megaprojects are large-scale construction
projects that include highways, bridges, airports, tunnels, and utility systems. Much of the research into how to implement
interface management in the construction industry has been concentrated on large-scale projects. Ju et al., (2017) examined
the supply chain management for complex construction projects that are characterized by multidisciplinary participants, ad-
versarial short-term relationships, and fragmentation of project delivery procedures.

Due to the lack of shared values, there is a lack of understanding regarding how the behaviors of one discipline affect the
behaviors of related disciplines. As a result, they concluded that Improving procurement processes is critical for resolving
interface conflicts. The construction industry institute (CII, 2014) defines an interface point in engineering and construction
(E&C) as "a soft and/or hard contact point between two interdependent interface stakeholders in a construction project”. Ahn
etal., (2017) evaluated the efficacy of information management practices in E&C projects. The importance of communication
has been emphasized in order to facilitate organizational integration in complex projects. Formal procedures for interacting
between parties have been developed, as well as more efficient information management practices.

Various major engineering and construction (E&C) projects have recently adopted formal interface management method-
ologies (IM). However, there exists a deficiency in understanding the role and effectiveness of Information Management (IM)
practices in engineering and construction (E&C) projects. To address this, data were collected from 45 large-scale E&C
projects regarding project complexity and IM practices. These data were then subjected to quantitative analysis techniques
such as principal component analysis and linear regression. The findings of this analysis indicate that the formal IM practices
currently employed in E&C projects are indeed effective in managing information.

Throughout the construction phase of a project, numerous interface events and problems occur, making it critical to track
and control them. By utilizing IM, interfaces and changed events can be identified and tracked for the improvement of con-
struction processes by minimizing rework and shortening overall project duration (Lin, 2015). Though BIM act as a significant
change management operation that involves a variety of risk areas (Khosrowshahi and Arayici, 2012). Moreover, BIM enables
the collection of all necessary data for a project prior to its construction and effective recommendations for enhancing BIM
implementation in the construction industry are needed (Hameed Memon et al., 2014). Mostly BIM is used for visualization
and simulation and to further enhance the use of BIM in project planning and scheduling the improvements in software ap-
plication interfaces, data exchange, and a change management system had to be focused on (Wang and Chien, 2014). Further-
more, Song et al., (2017) examined the effects of four factors on BIM user satisfaction in the AEC industry system quality,
information quality, external service, and top-management support. Adding to this, in India, the acceptance of BIM by the
practitioners had explored by Vigneshwar et al., (2022). Therefore, the evaluation of BIM technology in terms of interface
and change management will provide better insights. Thus, industrial projects are complicated and require the involvement
of many practitioners. This study focuses on evaluating the efficient factors of BIM among industrial practitioners in India.

To evaluate the IS Success model, Wang and Liao, (2008) proposed a framework based on the DeLone and McLean’s
(DM) model. Adding to this, Roky and Meriouh, (2015) studied an empirical evaluation of information systems (IS) based
on the DM model and the result suggested that system quality has a significant impact on user satisfaction. Therefore, to
evaluate the effectiveness of the BIM, the factors of the DM model had been followed. Additionally, Song et al., (2017)es-
tablished that the organization's role and support are critical in the implementation of BIM. Moreover, Shang and Shen, (2014)
developed a framework for BIM implementation by involving the factors in terms of technical, organizational, process, and
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legal perspectives. Thereby, support from the organization is a predominant factor and it plays a major role in the BIM
adoption and implementation. In accordance with existing literature, the chosen criteria for assessing the efficacy of building
information modeling (BIM) include organizational support, quality of service, system quality, information quality, user sat-
isfaction, usage, and the net benefits of BIM technology as outlined in Table 1.

Table 1. Factors and source references

Factors ID Factors Source reference
Our organization is aware of the benefits of im- (Jinetal., 2017)
0s1 - - .
plementing BIM tools in the project phases
(Ozorhon and Karahan, 2017;Won and Lee,
0s2 Our organization provides education and training  2010;Won and Lee, 2019;L1AO and TEO,
on BIM software 2017;Tsai et al., 2014;Lee et al., 2015;Shang
Organizational support and Shen, 2014)
[OS] Our organization encourages and motivates usin ~ (Won and Lee, 2010;Ding et al., 2015;Jin et
0S3 utilizing the BIM software in all phases of the al., 2017)
project
Our organization provides necessary financial re-  (Jin et al., 2017)
0s4 sources and continuous investment for BIM us-
age
BIM software provides an accurate and definite (Lee et al., 2015;Kim et al., 2016)
SQ1 -
output of the project data
BIM provides a well-structured and a user- (Shang and Shen, 2014)
. SQ2 friendly interface for the people under various
System quality [SQ] disciplines
BIM software can be easily integrated with the (Won and Lee, 2010;Lee et al., 2015;Kim et
SQ3 - - Y
existing software in our organization al., 2016)
SQ4 BIM tools are stable and acceptable (Shang and Shen, 2014;Tsai et al., 2014)
BIM provides secured information sharing (Shang and Shen, 2014;Tsai et al., 2014;Won
IQ1 ; S
among our project participants and Lee, 2010)
The information presented by BIM is accurate (Tsai et al., 2014;Lee et al., 2015)
1Q2 S
Information quality and effl_c_lent_. . . . - . .
[0] 103 BIM utilization improves information accessibil-  (Davis, 1989;Igbaria et al., 1995)
ity
BIM software helps in better understanding of (Lee etal., 2015;Kim et al., 2016;Jin et al.,
1Q4 the activities of the project by providing neces- 2017;Davis, 1989;Zuppa et al.,
sary information 2009;Papadonikolaki, 2018)
Maintenance and up-gradation are provided by (Song et al., 2017;Yaakob et al., 2016;Tsai et
SRQ1
software vendors whenever necessary al., 2014)
Quick response is offered by the software ven- (Song et al., 2017;Yaakob et al., 2016;Tsai et
SRQ2 .
Service quality [SRQ] dors whenever requwed al., 2014) _
SRQ3 The staff of technical support for the BIM soft- (Song et al., 2017;Yaakob et al., 2016;Tsai et
ware is empowered to resolve user problems al., 2014)
SRQ4 The staff of technical support for the BIM soft- (Song et al., 2017;Yaakob et al., 2016;Tsai et
ware is available when | need it. al., 2014)
Ul I use BIM software for planning and scheduling (Wang and Chien, 2014;Sindhu Vaardini and
project phasing simulations Shanmugapriya, 2018)
U2 I use BIM software for designing and drafting for  (Czmoch and Pekala, 2014;Sindhu Vaardini
easy visualization of the existing model and Shanmugapriya, 2018)
Use [U] U3 I use BIM software for costing and estimation for  (Sindhu Vaardini and Shanmugapriya,
better quantity extraction 2018;Vitasek and Zak, 2019)
I use the documents and drawings obtained from  (Sindhu Vaardini and Shanmugapriya,
U4 the BIM software for better IM throughout the 2018;Lin, 2015)
project life cycle
I am satisfied with the task processing speed and  (Davis, 1989;Lee et al., 2015;Kim et al.,
us1
accuracy of BIM 2016)
User satisfaction Us2 I am satisfied with the Decision-making process  (Davis, 1989)
[US] throughout the project.
Us3 I am satisfied with the outcomes accomplished (Roky and Meriouh, 2015)

by BIM and it is better than expected

Revista de la Construccion 2024, 23(2) 218-229; https://doi.org/10.7764/RDLC.23.2.218

www.revistadelaconstruccion.uc.cl
Pontificia Universidad Catélica de Chile



https://doi.org/10.7764/RDLC.23.2.218
http://www.revistadelaconstruccion.uc.cl/

Revista de la Construccién 2024, 23(2) 218-229
223 of 229

| am satisfied with the systematic management of

(LIAO and TEO, 2017;Lee et al.,

us4 the information and high-quality documentation 2015;Khosrowshahi and Arayici, 2012)
of the project
Overall improvement in project performance (in (Zuppa et al., 2009;Roky and Meriouh, 2015;

NB1 terms of time, cost, safety, and quality) is en- Lee et al., 2015;Kim et al., 2016)
hanced throughout the project life cycle

NB2 Effective communication and coordination (Lee et al., 2015;Khosrowshahi and Arayici,
among the stakeholders are established 2012)

Net benefits [NB] NB3 Clash detection and resolution throughout the géi%eiﬁl‘ozgnlg #ggsg(ﬁ?hah;niggdAl\;l?r#c;ﬁ

project life cycle are achieved etal ' 2014) ' ’

NB4 3D Visualization and walkthrough for a better (Lee et al., 2015;Khosrowshahi and Arayici,
understanding of the project design are framed 2012;LIAO and TEO, 2017)

NB5 Effective action to risks in the project is devel- (Kimetal., 2016)

oped

3. Methodology

The factors are chosen in accordance with the DM model and literature review of this study. As a means of examining the
effective factors of BIM adoption, a questionnaire survey was utilized for this investigation. Consequently, the questionnaire
was formulated following expert consultation and consists of two distinct sections. A pilot study of the questionnaire was
undertaken by examining a sample of ten questionnaires. The survey instruments were disseminated among professionals
with expertise in the domain of construction, encompassing project managers, BIM engineers, and planning engineers. The
responses offered by these pilot survey participants were integrated into the primary survey. On a Likert scale of 1 to 5,
respondents were requested to rate the significance of the given statement: 1 (strongly disagree), 2 (disagree), 3 (neutral), 4
(agree), and 5 (strongly agree). The data for evaluating the effectiveness of BIM were gathered through interviews and emails
among the BIM users throughout India. From the questionnaire survey, the type of respondents such as number of consultants,
contractors, clients and architectural firms can be obtained. The respondent participated in this survey and their demographics
were shown in Table 2.A total of 166 responses were received and the data were analyzed using frequency, RII relative
importance index, and reliability test using SPSS software. Therefore, the following section presents the test results and find-
ings obtained from the analysis.

4. Results and findings
The respondents involved in this study and their information were shown in Table.2. Cronbach's alpha test was used to

determine the internal consistency of survey items in order to assess the survey's reliability. Similarly, as shown in Table.3,
the Cronbach's alpha test result is 0.783 and it showed that the factors are 78.3 % reliable.
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Table 2. Respondents’ information

Respondents’ information Frequency Percentage
Designation of the respondent
Architect 6 3.6
Consultant 5 3
Contractor 155 934
Working experience years
Below 3 years 8 4.8
3-5 years 44 25.9
6-10 years 66 39.8
Above 10 years 48 28.9
Choice of BIM
Realizing actual benefits 81 48.8
Client interest 70 42.2
Future requirement 4 24
Others 11 6.6
Total 166 100

Table 3. Reliability test
No of items Cronbach's alpha

166 0.783

The relative importance of effective BIM factors is determined using the relative importance index (RII) (Shanmugapriya
and Subramanian, 2013) presented in equation (1).

RIl = SW/(AxN) (1)

Where, W denotes the weights assigned by respondents to each factor (i.e., ranging from 1 to 5 in this case), A denotes the
highest weight (i.e., 5 in this case), and N denotes the total number of respondents (i.e., 166 in this study). Based on the RII
results, the individual sub-factors ranking and the overall all factors ranking are shown in Tables 4 and 5 respectively.
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Table 4. RII ranking.
D Overall Consultant Architect Contractor
RII Rank RII Rank RII Rank RII Rank

0s1 73.38 29 80 3 70 23 73.3 29
0S2 79.4 15 72 17 76.67 9 79.75 15
0S3 82.66 2 76 10 76.67 9 83.1 2
054 77.11 27 76 10 83.34 1* 76.91 27
SQ1 78.32 22 76 10 70 23 78.71 22
SQ2 80.37 8 80 3 80 5 80.39 10
SQ3 75.43 28 60 29 73.34 19 76 28
SQ4 79.28 17 84 1* 76.67 9 79.23 17
101 78.2 23 68 23 80 5 78.46 23
1Q2 78.8 18 68 23 76.67 9 79.23 17
103 80.61 6 72 17 80 5 80.91 7
1Q4 79.4 15 76 10 80 5 79.49 16
SRQ1 77.47 26 64 28 73.34 19 78.07 24
SRQ2 80.13 11 80 3 73.34 19 80.39 10
SRQ3 79.64 13 72 17 76.67 9 80 13
SRQ4 80.61 6 68 23 76.67 9 81.17 5

Ul 77.72 24 80 3 83.34 1* 77.42 26

u2 77.72 24 72 17 73.34 19 78.07 24

us3 81.81 4 72 17 83.34 1* 82.07 4

U4 79.76 12 68 23 66.67 27 80.65 8
US1 78.8 18 76 10 76.67 9 78.97 20
us2 78.44 21 68 23 70 23 79.1 19
US3 80.37 8 80 3 76.67 9 80.52 9
Us4 82.05 3 76 10 66.67 27 82.84 3
NB1 78.8 18 80 3 76.67 9 78.84 21
NB2 79.52 14 76 10 70 23 80 13
NB3 80.25 10 72 17 83.34 1* 80.39 10
NB4 80.97 5 80 3 76.67 9 81.17 5
NB5 82.9 1* 84 1* 66.67 27 83.49 1*

* Indicates the top-ranking factors, RII values in percentage

To denote the various perception differences according to the respondent’s designation, the ranking based on the designa-
tion was performed as shown in Table 4. The results had shown that the top factors are NB5, OS3, US4, U3, NB4, and SRQ3
with the RII values of 83.49, 83.1, 82.84, 82.07, and 81.17 respectively. These attributes denote the effective factors such as
risk elimination, organization motivation, information quality, better cost and quantity estimation, three-dimensional visuali-
zation, and technical staff availability.

The net benefit factor NB-5 “effective action to risk in the project is developed” is found to be the top factor with RII value
of 82.9. The findings of Isaac et al. (2009) and Shibani et al. (2021) support this outcome, indicating that taking proactive
measures to mitigate risk at the very beginning of a project will avoid unnecessary risks. The organization support factor OS-
3 “encouragement and motivation for utilizing the BIM software in all the factors of project phase” is found to be the top
factor with RII value of 82.66. This result is supported by Lee et al (2015) and Kim et al (2016) that encouragements/ moti-
vation forms the organization for utilizing BIM place an effective role in its adoption. The factors US4 “I am satisfied with
the systematic management of the information and high-quality documentation of the project” was found to be the most
important factor in User Satisfaction with RII value 82.05 which was supported by Rajalakshmi (2019) where the users were
satisfied with the systematic management of the information and the high-quality documentation of the project.

Similarly, this study can contribute to the development of more efficient and realistic strategies for BIM adoption by
examining differences in user preferences and attitudes among BIM participants. For comparing the two or more elements or
groups based on a variety of attributes, the radar charts are used. Thereby using the values in Table 4, the radar graph was
created as shown in Fig.1.
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Table 5. Total RII ranking

Factors RII Rank
oS 78.13 7
SQ 78.34 6
1Q 79.25 4

SRQ 79.46 3
U 79.25 4
us 79.90 2
NB 80.48 1

==t overall
consultant
Architect
Contractor

Figure 1. Radar graph using RII values.

In this survey, the participation of architects and consultants was low. Thereby from Fig.1, the varied response can be seen
in the graph. From table 5, the overall group ranking had highlighted that the practitioners are agreeing with the net benefits
and user satisfaction of BIM with high RII values. The net benefits deal with the overall improvement in project performance
(in terms of time, cost, safety, and quality), effective communication and coordination among the stakeholders, Clash detec-
tion, and risk reduction. Similarly, user satisfaction assesses the satisfaction of the practitioners in terms of task processing
speed and accuracy of BIM, Decision-making process, systematic management of the information, and high-quality docu-
mentation. Similarly, from Table 5, the organization support seemed to be with the least value (i.e., 78.13). Especially, the
organization's awareness about BIM and providing regular training to the practitioners were founded to have less impact.

5. Discussion and conclusion

Many studies had highlighted the benefits and barriers of BIM adoption, but this multi-dimensional BIM technology is not
been widely used in the construction phases. Some researchers had suggested BIM as an effective tool for interface manage-
ment. Moreover, due to the different levels of information sharing, the performances of megaprojects are becoming more
complicated than other construction projects. Since, interface management systems had been studied as possible solutions for
effective management of complex megaprojects (Daniels et al., 2014).

First objective of this study is to identify the effective factors of BIM through the literature review. To analyze the effec-
tiveness of BIM in terms of quality, net benefits, and user satisfaction the factors of this study were framed based on the DM
model. The questionnaire was framed using the factors shown in Table 1 and the survey was conducted. Second objective is
to evaluate the factors based on the construction industrial project practitioners’ perception. This study focused on collecting
the response among the construction practitioners involved in industrial projects. From Table.2, in this survey, the percentage
of the contractors and practitioners with 6-10 years of experience seems to be greater. Regarding the choice of BIM, most of
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the respondents had agreed with the actual benefits of BIM and the second-highest value highlights the importance of clients'
interests. This suggests that the client's interest plays a major role in BIM utilization in India.

Third objective of this study is to determine the most influencing factors of BIM. The predominant importance of the DM
model is to evaluate the system or technology in terms of system quality, information quality, and service quality. The net
benefits and user satisfaction measures reflect the overall combination of these factors as project performance improvement,
and satisfaction of the practitioners while utilizing the software. According to the findings of this study, the net benefits of
BIM and practitioner satisfaction appear to be more valuable. This refers to the greater practitioners' assessment and content-
ment with the software or technology in comparison to other software or technology. The evaluation of BIM using the DM
factors among the industrial project practitioners highlighted those practitioners are more satisfied with the BIM and utilizing
the benefits of BIM.

Thereby, the BIM system quality, information quality, and service quality are found to be more significant. Thus, increas-
ing the organizational support through improved BIM training and execution among all practitioners will result in improved
interface management. From Tables 4 and 5, all the effective factors of BIM in NB and US emphasize the practitioners'
fulfillment and the enhanced possibilities for interface management by utilizing BIM in the projects. Thereby, BIM enables
the proper management of interface events, the sharing of information among practitioners during the planning, scheduling,
and costing phases, and the reduction of problems during the construction phases.

Following are some recommendations: 1) although the importance of BIM is widely recognized within the Indian con-
struction organization, there is a significant lack of a common and operationalize understanding of the BIM concept. There-
fore, existing education and training programs must be readjusted. Also, in construction organizations, they should incorporate
BIM into the curriculum of educational institution taking construction-related courses to address the lack of well-trained
professionals who can use BIM tools. 2) Recent developments in digital technology present great opportunities for the Indian
construction industries looking to transform into a digital business environment. The Indian government, therefore, needs to
develop and implement a policy framework to successfully implement its digital strategy. It is important to pay attention to
capacity building on digital business concepts, strategies and processes relevant to the construction sector. Education and
training programs must be dynamic and adaptable to the ever-changing needs of business, society and the public. 3) Indian
construction stakeholders, including government and specialized regulatory agencies, should work together to ensure that
prerequisites for BIM adoption are met and empowered, including provisions of regulations and industry standards to guide
implementation recommended.

6. Limitations and future work

Evaluation of the BIM factors highlighted that BIM can be an effective tool for proper interface management and it will
benefit the proper execution of mega projects in the interconnected nature of construction work. The data analyzed for this
study was obtained from the BIM users and especially from the practitioners involved in an industrial project. There were no
data obtained from the practitioners involved in residential, commercial, and others. Therefore, future work can extend to
collected data from all the project practitioners (residential, commercial, infrastructural and industrial projects). Future studies
will evaluate the DM model using the structural equation model by involving these effective BIM factors to analyze the direct
and indirect impacts.
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