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Abstract: In light of the gap in research and practice, with regard to achieving the sustainability
goals of green building, while maximizing combination with building-information-modeling (BIM)
as a social system—a gap that is expressed in the absence of integration of all stakeholders—a
managerial measure is proposed to integrate them and promote sustainable green building. By using
a framework for implementing BIM as a social system, and through network analysis, an index is
developed to assess its integration into the green building—the Green BIM Index. This measure
consists of comparing a social benchmark for optimal implementation with the actual implementation,
in a given project. The index is intended to help score the BIM integration level in a green
building. Comparing the BIM management measure results with social benefit assessments, and the
effectiveness of BIM in nine case-studies enables to understand project outcomes in terms of schedules,
budgets, and quality. The paper demonstrates the index applicability, pointing to possible significant
economic improvements through the implementation of BIM social capabilities. BIM management
benchmarking is helpful for the comparative evaluation of similar projects incorporating green
building with BIM, indicating the level of integration to improve benefits.
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1. Introduction

The use of building-information-modeling (BIM) as a promoter of green processes has received
considerable attention among practitioners of the construction industry [1]. Given the momentum
of BIM and green building applications, many construction companies have sought to leverage
green building projects through BIM, in order to realize the synergies between them while achieving
sustainability through them [2]. Green building is ‘a holistic concept that starts with the understanding
that the built environment can have profound effects, both positive and negative, on the natural
environment, as well as the people who inhabit buildings’ [3] (p. 1). It is ‘an effort to amplify the
positive and mitigate the negative of these effects’ [3] (p. 1). BIM is a ‘digital representation of physical
and functional characteristics of a facility. A BIM is a shared knowledge resource for information about
a facility forming a reliable basis for decisions’ [4] (p. 1). The construction industry has been driven to
adopt green building strategies from sustainability considerations, such as reducing CO2 emissions
and energy dependency on fossil fuels. BIM has been regarded by many to be an opportunity for
making the best use of the available design data for sustainable design and performance analysis [5].
The convergence of these separate trends into emerging practice has been referred to as green BIM [1].

BIM’s technical advantages were soon joined to help facilitate more effective processes related
to budget control, schedules, and environmental data, in an effort to increase green building
effectiveness [6]. Green BIM has been perceived as a combination of green building, required
to address environmental issues [7], with BIM as a technical tool [8], which serves it. However,
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incorporating BIM, as a socio-technical system, into green building, as sustainable construction,
also requires consideration of the social component involved in achieving effectiveness.

Green building integration with BIM can be presented as one that necessitates coordination among
many involved, using sophisticated modeling and system analysis to bring about a sustainable project.
This combination requires managerial capabilities to improve efficiency [9]. However, alongside
measurement systems—mostly environmental—for green building, and alongside mostly technical
indicators—for BIM, there is no benchmarking system for examining these capabilities in green BIM.

In light of the gap in research and practice, with regard to achieving the sustainability goals of
green building, while maximizing combination with BIM as a social system—a gap that is expressed
in the absence of integration of all stakeholders—a managerial measure is proposed to integrate
them and promote sustainable green building. The measure for this implementation of the social
system—the integration of BIM in the interactions between all those involved in the project—emphasizes
the reliance on an intra-firm organizational structure for the realization of a sustainable purpose.
Presenting green BIM as a combination that requires high levels of interaction between participants and
complex technology systems, the paper highlights the need for social integration through stakeholder
management. The purpose of the research is to explain the importance of addressing this need to
achieve effectiveness and to offer it an appropriate response.

In order to refer to the green BIM in this social context, this study uses a corporate-social-
responsibility (CSR) model for BIM application as a benchmark for evaluating this integration and
promoting its benefits. From this social point of reference to the agreements and working relationships
between parties to a given project, the participation of stakeholders in the organization is examined,
and their connection to the construction process is assessed. Considering that industrial practice
scarcely includes reference to social components of sustainability, this study suggests bridging the gap
using a CSR-based BIM index: the Green BIM Index. This metric refers to the basic question of whether
and how social sustainability can be measured [10], by considering a green building project as a means
of achieving sustainable benefits, and by presenting practical BIM-based indicators for assessing social
sustainability in green building projects. According to the proposed measure, the BIM implementation
is calculated by the CSR benchmark for a given project as a standard, and a match is made between its
results and the actual BIM implementation results, using social-network-analysis (SNA). The need for
collaboration is evident in times of crisis, such as the COVID-19 pandemic, when work is done remotely.
A socially-based BIM may help achieve quality as a result of conducting a proper collaborative process.

The index is examined and applied in nine case-studies to confirm its validity and to examine its
effectiveness by comparing the actual use of BIM methodology, the social benefits, and the objective
effectiveness of the project. In this study, a special emphasis is placed on data quality in order to
establish the index. Accordingly, green public projects of the owner-occupier type are carefully chosen
and assessed at various project stages, to allow for an appropriate comparison of all model criteria and
evaluation. The attempt is to raise awareness of the planning method and the concept of sustainability
to achieve success [11]. This demonstration of social integration expands the understanding of CSR as
required to implement BIM’s social role in the industry while presenting practical means to promote a
sustainable green building project.

2. Background

2.1. Effective Green BIM—Social Characteristics and Requirements for Sustainable Benefits

The integration of the green building with BIM is a combination of a highly complex project-based
organization and sophisticated environmental modeling and analysis systems, which require
managerial responsibility for achieving broad sustainable benefits. Its characteristics and requirements,
as indicated by the literature, are presented below.

In contrast to the traditional work methods, the management of design information and processes
integration in green building planning involves a wider range and a larger number of consultants,
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using sophisticated environmental modeling and analysis systems. A comprehensive understanding of
the multi-level interconnections between technologies, people, project phases, processes, and systems
is needed to address the green BIM requirements [12]. Green BIM requires consideration of processes
and technologies, as well as an information management strategy that supports inter-organizational
collaboration for a sustainable project. Hence, the effective management of information is likely to
require an extensive dialogue with stakeholders to meet these green BIM requirements. Moreover, in a
detailed examination of the integration of BIM technology with green practices, in order to achieve
the sustainable environmental benefit, the need to achieve social benefit is revealed. It turns out that
alongside the technical issues—which include references to software [13], technical skills [14], and the
technological process [15]—there is a need for access [16] and awareness of all the parties involved in
the project [17]. Moreover, in evaluating the success factors that can increase the connection between
BIM and green building, it has been found that stakeholders have an important part in this, in light
of the fact that among the first factors is their level of awareness and involvement [18]. The full
application of green BIM thus requires reference to social integration alongside technical integration.

The literature review provides some important insights on optimizing the effective adoption of
BIM for sustainability, which involves the need for an appropriate collaborative practice [19]. It turns
out that the overall level of collaboration in the common data environment is not at a threshold level
enough to realize BIM’s full potential [20]. Moreover, conventional contractual measures do not
appear to be compatible with the characteristics of BIM. Thus, some studies have begun to examine an
integrative approach for addressing social issues. Integrated-project-delivery (IPD) has been proposed
to improve communication and collaboration, enabling sustainable achievement [14]. Against this
backdrop, the need for empirical research has been raised to learn the best practice of providing BIM
for better social sustainability [21].

It is, therefore, possible that the prevailing combination of green buildings and BIM, a combination
that has received considerable coverage in the literature [22], does not fully fulfill its purpose. Although
BIM has been proposed as a solution to common obstacles in green construction, which include
cost overruns and delays related to increasing design and construction complexity, the proposals are
required to address the fact that this solution is a function of the full realization of its social dimension.
In view of this, a means is needed to examine the realization of BIM’s social capacity in this combination.

2.2. Means of Implementing Social Integration through BIM for Sustainable Green Building

In order to address the need to integrate stakeholders in green BIM and to make full use of the
socio-technical integration, appropriate guidance and evaluation measures are required. The following
lines have reviewed various possible measures to promote social sustainability in the construction
industry, as part of an attempt to achieve, through BIM, a sustainable green building project.

The green building assessment tools have been developed with the aim of assisting in the
implementation of sustainable development in the construction industry. However, they lack a detailed
analysis of the social aspect of sustainable development [23]. Furthermore, BIM integration can provide
information to support the calculation of a number of credit points to define goal levels of sustainability
associated with green building rating systems [24]. It allows the evaluation of multiple design scenarios
simultaneously, environmentally, and financially [25]. However, there is no comprehensive assessment
and measurement tool to promote social sustainability through BIM in green building.

In an attempt to promote social sustainability in the construction industry, it has been suggested
to use social-network-analysis [26] and apply it to construction—where a project-based organization is
prevalent [27]. While identifying the status of the stakeholders within the social network of a project
indeed allows an assessment of the social value obtained from it, there is no standard for achieving
this value in a green building project. Therefore, the study has used this view to present a normative
approach for the application of BIM in green building by SNA. Based on a socio-technical perspective
that presents the implementation of BIM as an influencing factor for the project-based organization,
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and considering the importance of BIM’s social application for achieving sustainable green building,
this study presents a standard for its application, as well as an SNA measure for its assessment.

In addition, the need to promote sustainable development in the construction industry has led to
the development of a framework to assess the performance of the corporate-social-responsibility of the
construction corporation [28]. Different indicators should provide guidance for the implementation
of social responsibility in the construction industry and allow organizations to build and assess the
performance of social responsibility, which, in turn, could assist in achieving sustainable business
development. However, it seems that for purposes of presenting CSR indicators, a transparent weight
system is required, as well as an examination of stakeholders’ interactions [28].

CSR is based on the premise that organizations need to behave in a socially responsible manner [29].
It is also possible to point out the complementarity of CSR and stakeholder theory [30]. This theory
recognizes that organizations have commitments not only to shareholders but also to other interest
groups, such as customers, employees, suppliers, and the wider community [31,32]. Sustainable
development, corporate sustainability, and CSR are closely related to stakeholder relationship
management, but at different levels of performance. While sustainable development is a guiding model
at the society level, and corporate sustainability is a sustainable development model at the corporate
level, CSR is a management approach to business contribution for sustainable development [29]. On this
basis and for the purpose of this paper, CSR is defined as a corporate management approach that
addresses all stakeholders involved in a construction project in an attempt to realize their sustainable
benefits within business processes that include the use of BIM. Mapping of information transfer through
BIM may facilitate the examination and evaluation of interactions between the corporate stakeholders.
Therefore, this study uses the BIM application to promote sustainable green building while presenting
a standard and CSR-based SNA index for its evaluation.

3. Formulation and Application of Standard and Index for Social Integration in Green BIM

3.1. Proposed Standard for Social Integration in Green BIM

In response to the need for social integration to achieve sustainable goals of green BIM, a CSR-based
BIM application model is presented. In terms of relevant guidelines for the application of BIM as
a social system—the CSR-based model includes elements for achieving social sustainability, which,
according to this paper hypothesis, enable effective green building. Social sustainability components
include; fairness, which provides equal opportunities for all; awareness, which fosters alternative
consumption habits; participation, which relates to the inclusion of as many groups as possible in
decision-making; cohesion, which strengthens community integration [33]. In addition, in terms of
suitable project delivery conditions, the integrated-project-delivery (IPD) method includes contractual
components that reinforce the BIM application model for achieving sustainable green building. IPD is a
method that attempts to align interests by a group-based attitude. The main group participants consist
of the owner, architect, general contractor, and major consultants. Beyond IPD principles according to
industry definitions—including multi-party agreement, early involvement of all parties, and shared
risk and reward—a survey has found that ‘good leadership is required to encourage a collaborative
team environment’ [34]. Moreover, the IPD vision includes the involvement of end-users at the
beginning of the planning process [35]. This method gains different levels of detail and application [36].
The broad definition refers to many owners, mainly public owners, who are not authorized to enter
multi-party agreements and to bring subcontractors into the planning process. However, to take
advantage of some of the key benefits of IPD-type delivery, many contractual provisions and project
procedures can be modified. These include bringing the construction manager (CM) to the project at
the beginning of the process, co-location of the team, and establishing a team decision-making process
and structure [37]. The classification of social sustainability components—in the combination of BIM
and the interrelations between those involved in a project—mirrors relationships with stakeholders
of a responsible construction corporation in terms of CSR interpretation. This enables improved
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management of all involved, professionals and non-professionals alike, throughout all phases of the
building. The carefully shaped project-based organization can be quantified and evaluated as a basis
for comparison in terms of social networks. A social network is based on a set of actors and the
relationships between them [38]. With the use of social network theory and social-network-analysis, it
is possible to describe and analyze interactions between participants in construction projects [39–43].
Five levels of social sustainability are identified and classified according to CSR for a green building
project [44]. These levels are adapted to IPD and are translated into SNA indices [45]. The criteria for this
model, with their indices, are becoming a benchmark—The BIM Integrated Application Standard—for
evaluating the socio-technical integration and promoting its benefits. Given that standardization is a
key enabler for advancing BIM implementation [46], this specific standard is proposed to promote the
implementation of BIM’s social potential in green building. Standard components, which include (1)
stakeholder management—through BIM manager centrality, (2) use of a BIM-based social network,
(3) benefits through connecting all stakeholders, (4) and tenants, to the BIM manager, are presented
below in describing the benchmark index (A detailed conceptual description is given in Appendix A).

3.2. Green BIM Index

The proposed examination is consistent with the trend in literature to introduce formal and
informal institutions that influence a project-based organization [47]. As a result, the use of BIM is
presented as another factor shaping this organization. However, unlike the tendency in studies to
examine formal institutions, such as project delivery contracts, alongside informal institutions, such as
work practices, the proposed examination is in relation to an external reference point. In view of the
gap reflected in the BIM guidelines and the various valuation methods, in terms of achieving the
sustainable goals of green building, and given the importance of BIM’s social integration to achieve
them, it is proposed to compare its actual combination with its optimal one; i.e., a standard combination
in a given project. This comparison by standard criteria is conducted using the components of the
Green BIM Index.

3.2.1. Index Components

1. Stakeholder management ratio—weighted degree centrality index (X1). This measure constitutes
a means for assessing the implementation of the stakeholder management criterion, by presenting
the ratio between the actual weighted degree and a standard weighted degree, in relation to
the BIM manager in each project. In this way, the degree of centrality of the BIM manager, as a
management implementer for stakeholders, relative to the required level, is reflected. The use of
this index component enables the realization of the full potential of BIM leadership in a given
project (Equation (A2) in Appendix B).

2. Stakeholder participation ratio—BIM-based social networking cluster index (X2). This measure
constitutes a means for assessing the implementation of the stakeholder participation criterion by
presenting a ratio between the number of project participants connected to a BIM-based social
network and the optimal number of connections. In this way, the participation of stakeholders,
relative to nodes identified, as required in a BIM-based network, is reflected. This index component
enables the examination of the promotion of collaboration in a given project (Equation (A3) in
Appendix B).

3. The ratio of professional involvement—ego network cluster index of BIM manager (X3).
This measure serves as a means to assess the implementation of the engagement criteria of
all professionals by presenting a ratio between the number of direct links to the BIM manager
and the optimal number of links. The index component enables examination of the connectivity
of the professional team, including the contractor or the construction manager, already at the
design phase of the building (Equation (A4) in Appendix B).

4. The ratio of tenant involvement—ego network cluster index of tenant representative (X4).
This measure serves as a means to examine the implementation of the engagement criterion of all
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non-professionals by presenting a ratio between the number of their direct connections to their
representative and the optimal number of connections. The ego network cluster index enables
the examination of connectivity, in terms of tenants and end-users, through their representatives,
from the design phase of the building (Equation (A5) in Appendix B).

5. The ratio by stage (X5). As part of comparing the actual use to the standard, which reflects a
project reference, the index enables the application of the criteria to be considered throughout the
phases of the building. This examination is based on the calculations of the indices at each phase
within a project (Equation (A6) in Appendix B).

3.2.2. Demonstrating the Way to Use Index Components

The way to use the components of the index is illustrated below, in a specific example of a
project that combines BIM in green building. The examination of the integration between the two
is performed using three tables: SNA results table for the actual implementation of BIM in green
building (Table 1), SNA results table for optimal implementation of BIM in green building, according
to standard assumptions (Table 2), and table of findings of the Green BIM Index (Table 3). This project
relates to a detailed design stage of a cafeteria. Although the standard assumption in the given project
refers to 12 required stakeholders, in practice, two of them did not participate in the sample (the tenant
and the landscape architect).

Table 1. SNA results for the actual implementation of BIM in green building.

Actual Implementation Results

ID Label Weighted
Degree

Weighted
Out-Degree

Weighted
In-Degree

1 AC engineer 43 13 30
2 Architect 55 20 35
3 BEM Specialist 28 3 25
4 Tenant 0 0 0
5 Constructor 37 10 27
6 Electrical engineer 38 10 28
7 Cafeteria consultant 67 25 42
8 Landscape architect 0 0 0
9 Plumbing Consultant 42 12 30

10 Project Manager 22 0 22
11 Regulatory advisor 28 3 25
12 BIM manager 228 198 30

Table 2. SNA results for optimal implementation of BIM in green building.

Optimal Application Results

ID Label Weighted
Degree

Weighted
Out-Degree

Weighted
In-Degree

1 AC engineer 27 5 22
2 Architect 27 5 22
3 BEM Specialist 23 1 22
4 Tenant 23 1 22
5 Constructor 27 5 22
6 Electrical engineer 27 5 22
7 Cafeteria consultant 23 1 22
8 Landscape architect 23 1 22
9 Plumbing Consultant 27 5 22

10 Project Manager 23 1 22
11 Regulatory advisor 23 1 22
12 BIM manager 273 242 31
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Table 3. Green BIM Index findings.

BIM Integrated Application Standard Project Results Green BIM Index

Components Actual Optimal Components

Participants connected to a BIM-based
social net 9 11 0.8

Connections with professionals 9 10 0.9

Connection with a tenant representative 0 1 0

BIM for stakeholder
management-weighted degree 228 273 0.84

Score 0.64

The assumption for a BIM manager is that he/she sends information to everyone daily, receives
information from key participants on a daily basis, receives information from the secondary to them
on a weekly basis while receiving from other participants on a monthly basis. In the example, the BIM
manager did send information as required but did not receive a standard response (some sent on
a weekly basis, and some did not send at all). The assumption results in a weighted degree of
273 compared to 228 in practice, resulting in an index finding of 0.84 (X1).

In addition, according to the standard, all involved, professionals and tenants alike, should
be connected, directly or indirectly, to a BIM-based social network. This is reflected in 11 optimal
connections versus nine actual connections, resulting in an index finding of 0.8 (X2).

Besides, the standard assumption is that there is no interaction but through a BIM-based network
and with a BIM manager or agents. This is shown in the result of 10 optimal connections of professionals
compared to nine of their actual connections and in an index finding of 0.9 (X3). This is in addition
to one optimal connection of a tenant representative compared to 0 connections of an actual tenant
representative and to an index finding of 0 as a result (X4).

The Green BIM Index score in relation to the BIM application at the detailed design stage in the
green building project is 0.64 (X5). This index can be used as a means of improving capabilities in
additional stages. Figure 1 graphically shows the performance metrics at the given stage.Buildings 2020, 10, x FOR PEER REVIEW 8 of 22 
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4. Research Method

4.1. Applying CSR for Sustainable Benefits of Green BIM Using SNA

It turns out, then, that the green BIM is not only a combination with a purely technical
environmental dimension but also a combination with a complex human aspect, which requires
an overall social reference. This includes managing a large number of participants, including end-users
with real environmental interests, as well as other interests associated with their connection to the
building. Implementing green BIM through CSR may facilitate the social paradigm shift in the
construction industry to achieve effectiveness for all involved. Reflecting green BIM performance on
quantitative measures to assess the various interactions of a BIM combination in a green building
project may be a significant tool for evaluating this application.

The research workflow outlined in Figure 2 presents the measures taken across the various parts
of the research to present an applicable benchmark for broad social integration of BIM with green
building. The study begins with a comprehensive review of the literature on green BIM to identify
social characteristics and requirements for sustainable benefits. Different tools are examined in terms
of social integration in order to achieve sustainable green building. The results illustrate the absence of
effective integration between BIM and green building and the lack of suitable means for its evaluation
(top row in Figure 2). This serves as the basis for the implementation of a CSR-based model for the
BIM application, adapted to the IPD method and quantified by SNA. Based on the SNA indices for
comparing actual results and optimal results—according to the standard—of the BIM system, the
possibility of maximal integration of BIM with the green building is proposed. In addition, this systemic
perception is examined using a participant questionnaire to assess the social sustainability benefits
alongside effectiveness in a given project (middle row in Figure 2). Comparison and validation of
this measure are conducted in nine case-studies, reflecting deferent types and stages of a project (the
bottom line in Figure 2).

Buildings 2020, 10, x FOR PEER REVIEW 9 of 22 

 

 

 

Users

BIM

GB

Users

BIM

GB

Users

BIM

GB

Green Building-GB BIM 

Cases 

Actual vs. optimal 

comparison in each 

case  

Index Verification: 

Social + Economic 

Estimates 

Illustrating stages Research Sections Workflow Steps 

Standard - applied 

 

 
 
 
 
  
   
  
   
 
 
  
  
 
 
 
 
 
 

Figure 2. Outline of the research workflow. 

4.2. The Case-Study Approach 

The index proposed in this paper is intended to serve as a means of measuring social integration 
in a green BIM in an attempt to realize its benefits. In order to demonstrate and evaluate the 
implementation of the Green BIM Index, the case-study approach is selected. This approach is 
considered most appropriate for this research inquiry, as it tries to construct realistic representations 
of project-related communications in uncontrolled surroundings [48]. In the absence of a 
comprehensive study on the social perception of BIM in green building projects, and in order to attain 
certainty [49], green building cases that incorporate BIM are selected to examine the possibility of 
achieving effectiveness in this building through this socio-technical system. 

For a thorough examination of the model implementation, we have chosen to focus on public 
projects. In Israel, public projects are taking the main share of green BIM. The public sector is often 
characterized by the publication of project auctions in which it is owner-occupier—allowing 
accessibility to examine the implementation of all parts of the model, including involving end-users. 
The urban public sector usually allows the end-user community to be located, so we have chosen two 
municipal projects, which incorporate office dwellers or end-users at the planning stage. The two 
selected projects are located in cities that belong to the 15 cities forum that incorporates most of the 
largest cities in Israel, which has taken on the integration of green building. Both are designed by the 
same architect and by the same green building consultant, with the desire to integrate the constructor 
manager, so the selection has allowed a comparison on a similar basis. The government public sector 
is a major client in the construction industry that uses BIM and assimilates the green building 
principles through threshold requirements for tenders. This sector allows the examination of large-
scale projects, so we have chosen to compare seven projects from it—two projects of each 
type/budget, stage, and even architectural teams at the same stage in a project. In this way, the 
selection allows for a broad comparison of BIM social implementation on an equal basis. The types 
of projects and the clear separation between the design phase and the execution phase in this sector 
have resulted in adapting the model to the different number of stakeholders in each. Table 4 shows 

Background 

Standard and 

Green BIM 

Index setting 

Results, 

findings, and 

evaluations  

Examination of the 

integration of BIM with 

green practices 

Examining evaluation tools 

for green BIM  

The need for social 

integration for green BIM 

and means to assess it 

CSR-based model 

IPD-adapted model 

 SNA quantification of the model 

Social benefits from integration in 

BIM application and its effectiveness 

Comparison of the actual application 

of BIM with its optimal application 

Figure 2. Outline of the research workflow.



Buildings 2020, 10, 147 9 of 21

4.2. The Case-Study Approach

The index proposed in this paper is intended to serve as a means of measuring social integration in a
green BIM in an attempt to realize its benefits. In order to demonstrate and evaluate the implementation
of the Green BIM Index, the case-study approach is selected. This approach is considered most
appropriate for this research inquiry, as it tries to construct realistic representations of project-related
communications in uncontrolled surroundings [48]. In the absence of a comprehensive study on the
social perception of BIM in green building projects, and in order to attain certainty [49], green building
cases that incorporate BIM are selected to examine the possibility of achieving effectiveness in this
building through this socio-technical system.

For a thorough examination of the model implementation, we have chosen to focus on public
projects. In Israel, public projects are taking the main share of green BIM. The public sector is often
characterized by the publication of project auctions in which it is owner-occupier—allowing accessibility
to examine the implementation of all parts of the model, including involving end-users. The urban
public sector usually allows the end-user community to be located, so we have chosen two municipal
projects, which incorporate office dwellers or end-users at the planning stage. The two selected projects
are located in cities that belong to the 15 cities forum that incorporates most of the largest cities in
Israel, which has taken on the integration of green building. Both are designed by the same architect
and by the same green building consultant, with the desire to integrate the constructor manager, so the
selection has allowed a comparison on a similar basis. The government public sector is a major client in
the construction industry that uses BIM and assimilates the green building principles through threshold
requirements for tenders. This sector allows the examination of large-scale projects, so we have chosen
to compare seven projects from it—two projects of each type/budget, stage, and even architectural
teams at the same stage in a project. In this way, the selection allows for a broad comparison of BIM
social implementation on an equal basis. The types of projects and the clear separation between
the design phase and the execution phase in this sector have resulted in adapting the model to the
different number of stakeholders in each. Table 4 shows the key characteristics of the carefully chosen
projects. In the various cases selected, the attempt is to validate the findings of the proposed index
with the results of the social benefit assessment and the effectiveness of incorporating BIM in green
building. The following sections describe how data is collected and analyzed in an attempt to show
how measurement is performed and confirmed.

Table 4. Characteristics of the projects.

No. Project Stage Purpose Budget Size Features

1 Municipality project Conceptual design City Hall $24,548,913 4151 m2 Downtown area
2 Municipality project Conceptual design Central station $67,789,183 27,620 m2 Downtown area
3 Government project Conceptual design Catering $2,857,143 530 m2 Rural area
4 Government project Conceptual design Campus $42,857,143 20,900 m2 Suburban area
5 Government project Detailed design Catering $10,000,000 3400 m2 Rural area
6 Government project Detailed design Campus $10,000,000 3000 m2 Rural area
7 Government project Construction Catering $6,285,714 1686 m2 Rural area
8 Government project Construction Campus—Part 1 $52,571,429 13,400 m2 Rural area
9 Government project Construction Campus—Part 2 $58,000,000 16,700 m2 Rural area

4.3. Network Properties and Data Collection

4.3.1. SNA Questionnaire

Setting up network properties is necessary to mirror the actual interactions and to display the
relevant components for examining BIM applications in each project. Network boundaries are defined
by the BIM communication platform for professionals and by all types of communications for tenants.
Because the optimal model is implemented according to a given project, the boundaries include
several tenants’ representatives in urban projects—to express personnel involvement, as well as a
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closed list of professionals required at different stages and types of government projects—to compare
them. Data is collected through SNA questionnaires for actors, selected by case documents and
interviews, which are senior representatives of the parties to the projects and are directly involved in
their communication. The questionnaire presents a detailed list of actors from which actors are asked to
choose the ones they communicate with in exchange for information. They are also requested to indicate
their communication frequencies with them. The urban projects require extensive preparation work to
find relevant representatives of office users. For this purpose, visits and background interviews are
held. In one municipality, representatives of office users, selected by the municipality’s management,
are guided by feedback from all municipal employees. In a second municipality, the planning
team includes elected representatives from departments and offices. The questionnaires are filled
out via email correspondence and through telephone interviews. In the government projects, the
questionnaires are filled out by telephone interviews with representatives of the AEC (Architecture,
Engineering and Construction) industry, and with the owner-occupier representatives who worked
with them (the questionnaire is presented in Appendix C). Data collected is transformed into the
weighting of contacts (Table in Appendix D).

4.3.2. Participant Questionnaire

In order to determine the validity of the measure, questionnaires for project stakeholders are set.
The questionnaires are based on frameworks and models presented in the literature for assessing social
sustainability and benefits from BIM. In urban projects, access is given to various personnel teams
during the planning stage. Their representatives, selected by them as having access to BIM, fill out
the questionnaires (five from the City Hall project, three from the station project). In the government
projects, representatives of all stakeholders fill the questionnaires. For comparing them—in terms of
type and stage—at the conceptual planning stage and at the detailed planning stage, 12 stakeholders are
required for a cafeteria-type project and 11 for a campus-type project. These include the BIM manager,
architect, constructor, air conditioning, electricity and plumbing consultants, landscape architect,
project manager/owner representative, energy modeling consultant, green building consultant, and
tenant representative. A cafeteria-type project also requires a special consultant. At the construction
stage, a contractor is added (13, 12, respectively). To cover all involved, experienced and inexperienced,
in working with BIM, both subjective and objective assessments are combined. As part of their
assessments, representatives are asked to rate, according to the Likert scale, the social benefits and
effectiveness of BIM integration (1–5). In addition, objective project data is requested. Four questions
deal with social aspects, including fairness, awareness, participation, and cohesion [33]. These elements
are chosen because of the important conceptual presentation that identifies four general social concepts
and links them to environmental imperatives. Five to seven questions, depending on the project
stage, are related to subjective evaluation of a BIM implementation, which includes project quality
improvement, better cost forecasting, quick client approval cycles, reduction of construction disputes,
improvement of collective understanding of planning intent, reduction of construction changes,
and reduction of RFI—request for information [50]. Two questions, intended for the project manager,
are related to an objective evaluation of the BIM implementation and include highly mentioned metrics
in the literature, schedules, and cost changes [51]. These calculation frameworks for analyzing the
benefits of BIM are chosen because they summarize major subjective and objective parameters in the
literature. In urban projects, where the reference is to the benefit of office users, the questionnaires are
filled by a broad representation on their behalf. In the government projects, where the reference is to
the benefit of involvement in various stages and types of projects, the questionnaires are filled out by
all the representatives (the questionnaire is presented in Appendix E).

4.4. Data Analysis

The social networks are analyzed using Gephi software [52]. Gephi is an open-source network
analysis and visualization software package that has been used in a number of research projects [53].



Buildings 2020, 10, 147 11 of 21

Weighted-degree-centrality and cluster are used to specify connections, as well as the most connected
nodes, especially with respect to key actors according to the IPD-adapted model: clients—including
owners and tenants, architects and contractors, or alternatively, construction managers. In the
government projects, the model is adapted to the project-delivery-method used, the design-bid-build
method, which involves the contractor only during the construction stage. For each project, an optimal
SNA model and an actual SNA model are prepared. The optimal models are based on the forms of
information transfer, which make the most of BIM in terms of sharing and engagement. The preparation
of the actual models requires data filling in two tables, one representing the frequency of information
giving, and the other the frequency of receiving information. After specifying the information transfers,
adjustments are made according to the frequency weight, and the data is entered in Gephi software.
The results of the different SNA models are used for the index equations. The index is based on the
understanding that each project has unique characteristics and different social composition. Therefore,
it is formulated as a tool for quantitatively assessing the performance of each green building project in
relation to its optimal workability with the BIM system. Along with these findings, the evaluations of
the benefits and effectiveness from the integration into the BIM application are calculated. The findings
and evaluations are compared to confirm the validity of the index in an attempt to emphasize the
importance of promoting social integration in green BIM to achieve its effectiveness. Figure 3 visually
shows the comparisons being conducted to examine whether the social benefit level has implications
for green building effectiveness and whether this is reflected in the proposed index.
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5. Evaluations, Index Findings, and Their Fitting

Table 5 presents the evaluations of social benefit and effectiveness alongside the findings of the
index in each project. Each of the project parameters is averaged, sorted by levels—high (H), medium
(M), low (L)—for comparison. For this purpose, level H—indicates a rating from 4/0.8 and higher,
level M—indicates a range that reaches 2.75/0.55, while L—indicates a lower rate. Likewise, an objective
estimate for the change in effectiveness is rated H—for performance unchanged and below, M—for a
change up to 80%, and L—for change beyond that. The fit reflects identical results in the parameters.
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Table 5. Comparison of evaluations and index findings in the various projects *.
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1 City Hall Conceptual design 4.6 4.2 4.8 4.4 4.5
H 5 5 5 - 5 - 5 5

H No No H 0.43 0.96 0.95 1 0.84
H X

2 Central station Conceptual design 5 4 4.6 4 4.4
H 5 3 5 - 5 - 3 4.2

H No No H 0.34 0.94 0.93 1 0.8
H X

3 Catering Conceptual design 3.37 2.37 2.5 2 2.56
L 2.62 1.62 1.25 - 2.87 - 2 2.07

L +100% +2% L 0.07 0.63 0.7 0 0.35
L X

4 Campus Conceptual design 4.77 4.88 4.66 4.33 4.66
H 4.1 4.1 3.88 - 4 - 4.21 4.05

H No No H 0.84 0.8 0.78 1 0.85
H X

5 Catering Detailed design 3.9 3.4 3.3 2.5 3.28
M 3.5 2.2 2.5 - 3.8 - 3.1 3.02

M +71% +16% M 0.83 0.81 0.9 0 0.63
M X

6 Campus Detailed design 4.22 2.33 2.56 2.22 2.83
M 3.44 1.78 2.22 - 4.1 - 2.55 2.81

M +50% +10% M 0.9 0.8 0.88 0 0.64
M X

7 Catering Construction 4.33 3.22 3.33 3.11 3.5
M 4.11 3.11 3.22 4.44 4.78 3.78 3.22 3.81

M No No H 0.83 0.67 0.64 1 0.78
M X

8 Campus—Part 1 Construction 4.11 3 3.33 3.22 3.42
M 4 2.89 3.22 4.22 4.78 3.67 3.44 3.75

M No No H 0.78 0.7 0.7 1 0.79
M X

9 Campus—Part 2 Construction 5 4.44 4.78 4.67 4.72
H 4.67 4.33 4.89 4.56 5 4.22 3.44 4.44

H −10% −1.3% H 0.9 0.73 0.7 1 0.83
H X

* level H—indicates a rating from 4/0.8 and higher, level M—indicates a range that reaches 2.75/0.55, while L—indicates a lower rate. Likewise, an objective estimate for the change in
effectiveness is rated H—for performance unchanged and below, M—for a change up to 80%, and L—for change beyond that.
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In addition to this comparison of parameters for each project, Figure 4 presents a comparison
of projects. The figure shows in detail the process of comparison conducted in the index between
optimal implementation and actual implementation in a given project. It also presents a classification
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of projects with the same purpose, by stages and by teams, in an attempt to examine the possibility of
overlap in trends between the three types of parameters.

6. Discussion

In this paper, the optimal BIM implementation models are characterized, for all stages and project
types, to compare projects, with their social and economic implications, using BIM management
measures. The tables above clearly show the relationship between social benefit and effectiveness,
alongside the ability to reflect this in the proposed index.

Examining the projects reveals a fit for each project, as well as between projects—in terms of
linear changes by stages and by teams in the same project. This applies to both professional and
non-professional populations in projects. Social and economic background data back up the findings of
the index. For example, in urban projects, there is a social attempt to integrate selected representatives
of employees and municipalities into the planning team, which results in great efficiency and a high
index. Projects 3 and 5 are characterized by the involvement of catering consultants, and, therefore,
a special optimal BIM implementation model has been prepared. These consultants are not involved
in communications, and the other professionals are not adequately skilled, resulting in unnecessary
delays and expenses. However, in project number 5, the BIM manager is more involved, which has
made the index different. In contrast to project 4, in project 6, the end-user is not involved, which has
led to a late revision of the campus plan, change of schedules, and huge costs, a difference that is well
reflected in the index. Projects 7,8,9 belong to the same compound and are deliberately separated
for research purposes. Project 7 requires the preparation of a BIM implementation model for the
construction stage, which also includes the contractor teams. Projects 8 and 9 are carried out by various
teams and require, in terms of research, the preparation of a BIM implementation model for the campus
in the construction stage. Although, in terms of objective effectiveness data, projects 7 and 8 are the
same, and the comparison with the optimal model reveals the great work that the BIM manager has
done in dealing with the lack of skills and social connection. The same BIM manager has gained greater
collaboration in project number 9. This means that according to industry-standard project management
parameters, the work processes required at various points of construction could not be discovered.
The difference between the results is due to the resolution of the index, which is measured point-wise,
compared to parameters measured over a period of the project. The index score thus allows evaluating
performance and improving it further during the work, while providing a targeted response to the
needs and differentiation in the project. It can be seen, therefore, that there is a direct relation between
the level of social benefit and the subjective and objective levels of effectiveness per project, which is
reflected in the index.

The examination validates the concept presented by the research model regarding the relationship
between BIM social system and the social and economic benefits of a green building project. In examining
the suitability between the management of the BIM system and the social benefit and effectiveness of
its combination, it emerges that: the closer the BIM performance index is to 1, the greater the social
benefits of those involved in the project and the effectiveness. These conclusions are supported by
literature on the positive effects of teamwork on project performance [54] and extend it by presenting
the effect of social integration on sustainability in a green building project.

7. Conclusions

This study expands the understanding of the importance of social integration through BIM to
achieve sustainable green building while introducing a benchmark for BIM socio-technical application
to increase green building effectiveness. This importance is presented in a gradual manner through
three stages, summarized below.
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1. Presentation of a socio-technical model for defining the integration of BIM with green building
for sustainable benefit;

2. Presentation of a CSR-based BIM system application standard for achieving a socially sustainable
effective green building project;

3. Presentation of a confirmed green BIM index as a useful tool for evaluating this application.

First, this study outlines a broad concept of green BIM, with reference to the possibility of
social integration between green building and BIM. The definition of this reference is made by
clarifying the social purposes of this building and the socio-technical capabilities of this system as a
background for examining their actual integration. Given the gap, expressed in the absence of effective
social-involvement, a BIM management application model is presented based on the CSR concept.

Second, in order to address the need, which has emerged from the literature, to integrate
stakeholders into green BIM, and to use it fully in socio-technical integration, the paper has proposed a
means of guiding and assessing this integration as standard. This reference is based on adapting the BIM
application model to the preferred method for a green BIM project. Following the conceptualization of
a project-based organization as a social network by literature, SNA is used to examine the combination
of BIM and green building.

Third, through the concrete realization of the application model, this study presents a BIM
system index in an attempt to bridge the gap and promote effectiveness in the green building industry.
By comparing the actual application of BIM with the criteria of The BIM Integrated Application
Standard, using the Green BIM Index, an option is presented to improve the flow of information and
assist in the processing of information for all those involved in a green building project. This index
is implemented and evaluated in nine case-studies, reflecting a variety of different types and stages
of projects. The examination confirms the validity of the index and provides evidence that the more
the actual use of BIM fits the proposed standard, the greater the social benefit and effectiveness of
the project.

The conclusions of the study, regarding the importance of social involvement through BIM for the
success of the green building, may form the basis for further research in the field. Possible research
directions may include the assessment of social impact through social networks [55], as well as the use
of email log [56] as empirical evidence from industry to validate the Green BIM Index and present its
implications in various projects. By using a primary data source for mapping project communication
networks, it is possible to compare BIM index-based projects in different industries.

This study presents for the first time a practical and feasible tool for examining BIM integration with
green building, in an effort to promote the effectiveness of this combination. The presentation of this
index to examine the application of building information management enables the construction industry
to examine the social responsibility of green building companies in relation to their stakeholders along
the supply chain. As a result, this study may have implications for the perception of a green building
project as a sustainable project. In the green BIM projects, which are more socially complex and
technologically sophisticated than regular projects, implementing the Green BIM Index, which facilitates
stakeholder integration, may be of great benefit to the industry.
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Appendix A. The Conceptual Description for BIM Integrated Application Standard Components

Criteria SNA Indices Basic Assumptions

1 Stakeholder
management

Weighted degree centrality. In order to
examine the centrality of the BIM
manager as a management implementer
in terms of stakeholders, the study uses
the means of weighted degree centrality.
The BIM manager is important if there
are many other nodes—actors that link
to him/her or if he/she links to many
other nodes. Weighted degree centrality
of a node is ‘the sum of weights of the
ties of the node with the other nodes’
(Kapoor et al., 2013). It follows that the
higher the centrality, the greater the
BIM management leadership.

The standard assumption regarding the
BIM manager, based on preliminary
research, is that he/she sends
information to everyone daily, receives
information from key participants on a
daily basis, receives information from
the secondary to them weekly while
receiving from other participants on a
monthly basis. These transitions are
required for optimal application. To
manage stakeholders, it is suggested
that the BIM manager should have a
high level of weighted degree centrality,
as standard.

2 Stakeholder participation

Cluster. In order to examine the
participation of stakeholders in a
specific workgroup, the research is
based on a cluster approach. Cluster
nodes are ‘more connected with nodes
of this cluster than with nodes outside
the cluster’ (Cuvelier and Aufaure,
2012). Finding a cluster is based on how
they are connected to one another, and
therefore, according to that, it is
possible to describe a shared connection
or access to joint resources in a project.

It is proposed that all involved,
professionals and tenants alike, should
be connected, directly or indirectly, to a
BIM-based social network.
The reference in this BIM indicator is to
participants in an IPD-based
cross-border coordination mechanism.
This technological accessibility, as an
expression of the possibility of equal
participation as a conscious group, is
required for optimal application in a
given project.

3 All professional
stakeholders are engaged

4 Tenants are engaged

Ego net cluster. In order to examine the
way stakeholders are involved and their
connectivity as a group, the research is
assisted by means of ego nets clusters.
Ego nets represent the connections
among the neighbors of a given node
(Epasto et al., 2015). In an attempt to
locate a community of direct contacts
with the BIM manager and the tenant
representative, it is suggested that the
size measure be used as algorithms for
identifying communities or clusters,
thus allowing specifying the number of
participants in the BIM manager and
the tenant representative groups. Since
the size of an ego-network is considered
as the amount of neighboring nodes
plus the ego (Hanneman and Riddle,
2005), it is possible to specify the direct
links to them.

The participation can be divided into
sub-clusters. The references in these
BIM indicators are in relation to the
manner in which the different
participants are involved. With regard
to the engagements of all professional
and non-professional, it is proposed to
define the ego nets of the BIM manager
and the tenant representative, equal to
the maximum possible size for each.
The standard assumption, based on the
need for management of stakeholders
through the BIM manager, to promote
information flow and full processing, is
that there is no interaction except
through a BIM-based network and with
a BIM manager or agents.

5

Management,
participation,
engagements at all
phases, within a project

The examination of the management of
stakeholders—their participation and
engagement—is required throughout
the project.

The basic assumptions above regarding
the indices in each criterion are applied
at the design, construction, and
maintenance phases, according to a
given project.

Appendix B. The Equations of the Green BIM Index

The suitability between the results of the actual implementation of BIM and the results of the
optimal application of the BIM standard proposed by the study is expressed in the BIM application
index, which can be presented in the equation (Equation (A1)):

BIM Application Index (X) =
The Actual Application o f BIM

Standard f or Optimal Application o f BIM
(A1)
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The comparison is applied in a number of formulas for examining the suitability in the various
BIM standard parts:

1. Stakeholder Management (Equation (A2))

Weighted Degree Centrality Index (X1) =
Weighted Dedree

Standard Weighted degree
(A2)

2. Stakeholder Participation (Equation (A3))

BIM− Based Social Net Clustering Index(X2) =
∑

Stakeholders Connected
Stakeholder Standard

(A3)

3. Involvement of Professionals (Equation (A4))

Ego−Net Cluster Index o f BIM Manager (X3) =
∑

BIM Manager Connections
BIM Manager Connections Standard

(A4)

4. Involvement of Tenants (Equation (A5))

Ego−Net Cluster Index o f Tenant Representative (X4) =
∑

Tenants Rep.Connections
T. Rep. Connections Standard

(A5)

5. The Application of BIM System at one of the building phases (Equation (A6))

BIM Index by phase (X5) =
X1 + X2 + X3 + X4

4
(A6)

The higher the suitability, the more the result of the index is close to 1.00. This means that as the
BIM management team is more centralized in the network, as network sharing becomes apparent,
for the connectivity of all involved, professionals and end-users alike, at any phase of the building,
the performance of the project may be relatively more social.

Appendix C. SNA Questionnaire

Receiving Information Frequencies

Mark the Respondent Daily Weekly Monthly No interaction

BIM manager

Architect

Constructor

AC engineer

Electrical engineer

Plumbing engineer

Landscape architect

Project manager

BEM consultant

GB consultant

Tenant

* Contractor

* Cafeteria consultant
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Giving Information Frequencies

Mark the Respondent Daily Weekly Monthly No Interaction

BIM manager

Architect

Constructor

AC Engineer

Electrical engineer

Plumbing engineer

Landscape architect

Project manager

BEM consultant

GB consultant

Tenant

* Contractor

* Cafeteria consultant

* By project type or project stage.

Appendix D. Weighting of Information Flow

Level of Information Flow Weighting of Connection Reasoning

Never 0
Monthly 1 At least once a month
Weekly 5 At least 4 per month
Daily 22 At least 5 per week

Appendix E. Participant Questionnaire

Appendix E.1. Social Benefits

1 Have you been given open or equal access, relative to the other
participants, to the project’s BIM forum? 1–5

2 Did you get the opportunity to promote awareness, non-material
ethical preferences, in the project’s BIM forum? 1–5

3
Were you involved, independently or through delegates, in the
BIM forum, so that your preferences were reflected in the
decision-making process?

1–5

4 Have you been involved in the BIM forum, in a way that allowed
you to work as a team or feel part of teamwork? 1–5



Buildings 2020, 10, 147 19 of 21

Appendix E.2. Effectiveness

1 How has BIM’s specific use/application improved the quality of the project? 1–5

2 How has the specific use/application of BIM improved the predictability of
project costs? 1–5

3 How has BIM’s specific use/application improved client approval speed? 1–5

4 How has the specific use/application of BIM reduced conflicts during
construction? * 1–5

5 How has the specific use/application of BIM enhanced the collective
understanding of planning intentions? 1–5

6 How has the specific use/application of BIM reduced changes during
construction? * 1–5

7 How has the specific use/application of BIM reduced the number of
information requests on your part? 1–5

* This question is for the construction stage.
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