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1. Introduction

Recently, Building Information Modeling (BIM) has emerged as a new technology in the architecture
industry, which is gradually gaining popularity among stakeholders. The literature review shows a significant
gap in measuring the capabilities of BIM in Iran's construction projects. Therefore, the goal is to measure BIM
capabilities and efforts have been made to select the best BIM capabilities in such a way as to increase the level
of confidence in the use of this new technology. Since the evaluation of the most appropriate option is a multi-
criteria decision-making problem. Therefore, decision makers use preferences that are uncertain when
weighing options. Therefore, in the present study, rough's theory, which is efficient in such conditions, is used.
In fact, he first used Delphi to identify criteria and decision-making options, and then used rough's theory to
convert experts' preferences into interval numbers and the new combined method of Analytical Hierarchy
Process (AHP) and VIKOR of rough to measure capabilities. BIM is used. It should be mentioned that in the
current study, the VIKOR-AHP method was developed with rough data. The results showed that the use of
rough's theory along with multi-criteria decision-making methods can help the stakeholders in decision-
making under conditions of uncertainty and is a starting point for research based on BIM and its management
perspectives in providing the correct insight to use it in Iran's construction projects.

2. Methodology

The main goal of the current research is to apply roughs’ theory in multi-criteria decision-making methods
to measure BIM. To achieve this goal, a mixed research method will be used; Because this method is one of the
most practical research methods in the field of management, which results from the combination of qualitative
and quantitative methods. For this purpose, a qualitative-quantitative procedural plan that consists of
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conducting a preliminary qualitative study to apply and plan the findings of a quantitative approach (as the
main method) is implemented. The working method is as follows: First, in the qualitative section, by reviewing
the research literature and experts' opinions, the key performance indicators and applications of building
information modeling are identified. Then, after identifying key performance indicators and building
information modeling applications, a hierarchical structure is formed. In the next step, using the Delphi method,
the key indicators, and applications of building information modeling will be evaluated. After confirming the
research criteria, a pairwise comparison matrix of the criteria was formed. The pairwise comparison matrix of
the experts was converted into interval numbers using roughs’ theory, and then the weights of the criteria were
obtained with the help of the Rough hierarchical analysis process. After determining the weight of the criteria,
the decision matrix of the problem was formed and the data of the decision matrix was converted into distance
numbers using roughs’ theory, and then using the VIKOR rough method, the application of building information
modeling was measured. Therefore, before presenting the results of the research, it was proposed to present
two quantitative-qualitative procedures, which consist of conducting a preliminary qualitative study for use
and the findings of a subsequent quantitative approach.

2.1. Qualitative stage

This stage covered the customization of key construction project management criteria and the initial list of
BIM performance dimensions in the construction stage (taken from the subject literature) within the context
and structure of Iran. The key performance criteria in the field of construction are highly text-oriented and
should be adopted according to the text and related structure. In addition, the technical benefits of BIM should
be examined from the perspective of local and technological competencies. Therefore, the Delphi method was
chosen for this purpose, which isan organized procedure to achieve consensus and agreement among an expert
panel through frequent discussions in the form of interviews or questionnaires. In general, the number of
relevant meetings varies from two to seven and the number of participants varies from three to fifteen people.
With the launch of each round of the meeting, the answers are analyzed, and based on the evaluation,
interviews or semi-structured questionnaires are prepared and sent to the experts of the next meeting. The
repetitive nature of this method provides feedback from the panel and new information from different
perspectives. This opportunity allows them to review their ideas in the previous meeting and revise and modify
them based on new suggestions.

2.2. Quantitative stage (new combined method of Analysis Hierarchy Process (AHP) and (VIKOR))

This stage includes the quantification of the level of importance of key performance indicators in the field
of construction through the AHP method and the benefits of BIM in the construction phase of construction
projects. In general, measuring building information modeling capabilities includes two parts:

1) Determining the relative importance of the evaluation index;

2) Ranking decision-making options.

Since we are usually faced with insufficient and incomplete information in the real world, therefore, due to
the lack of proper and complete information and data in the real world, we must use methods that can work in
such environments. One of the concepts used in such environments is the roughs’ theory, which can work well
in the absence of sufficient and complete information. In this regard, the current research proposes an
integrated approach by introducing rough numbers to the AHP-VIKOR technique to eliminate ambiguity in the
decision-making process. In the first step, to calculate the relative importance of the evaluation indices, rough
numbers are combined with AHP and the results are obtained. Then the research provides a rough VIKOR to
measure the decision options. By combining AHP Ruff and VIKOR Ruff, both the relative importance of
evaluation indicators and the ranking of decision options are determined without any auxiliary information.
Therefore, the proposed method can effectively reflect the real perception of decision-makers and strengthen
the objectivity of the evaluation of the design concept.

3. Results and discussion

The results showed that the project coordination option (A3) and project time planning and construction
sequence (A9) are chosen as the best option. Then, in the order of conflict detection and collision (A7),
integration of sub-contractor and supplier data (A2), safety (A5), cost estimation and estimation (A8), site
layout planning (A1), pre-construction (A6), and construction supervision (A5) are other ranking options by
VIKOR method. The overall findings of the importance of evaluation indicators, according to the relative
importance of each key performance indicator compared to others, show that quality improvement has
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received the highest level of attention among all indicators. The descending order of other classes according to
the level of importance is as follows: reduction of construction cost, sustainable construction, improvement of
construction capability, and delivery of the building in terms of time efficiency. This result is confirmed with a
weight of 0.365 for the quality improvement class, which is much higher and more important than other
indicators that are evaluated according to BIM technology and the construction stage of the project life cycle.
It has been confirmed that BIM has a significant capacity and potential to improve the construction quality
management process by changing the way project participants interact with each other and maintaining
information in an integrated database. The next important indicator is the reduction of construction costs. The
reduction of construction costs is mainly known as a key asset in the financial turnover of the construction
industry and it seems that the importance of this indicator is more in the context of Iran because the Iranian
construction industry has a low profitability rate and high failure rate due to Irregularity of customer payments.
This problem is aggravated due to the recent recession and national economic crisis, which is caused by the
widespread recession resulting from international sanctions. The first relevant application of BIM for this
indicator is the estimation and cost estimation, which can be done through the driving force of the powerful
five-dimensional modeling of building information, meters, and automatic estimation. Five-dimensional
modeling of building information projects the exact form of output values of the required quantities using a
specialized measurement tool and strong solutions to maintain homogeneity of cost data. The next key
performance indicator that helps to improve the usability of BIM in the construction industry is the sustainable
construction key indicator. BIM promotes the key performance indicators of sustainable construction at the
design stage, especially where advanced techniques such as energy-efficient development can be developed
and incorporated. The technological aspect of BIM helps the team involved in each project to observe and
examine what will be built in a simulated environment and to identify possible problems in the construction
design and operation in advance. The process-oriented aspect of BIM enables and encourages the close
cooperation of different involved groups and makes the flow of information between them simple and possible.
The key indicator of the next performance, namely "buildability”, is defined as "the plan of efforts that can be
used in the construction phase and allows the contractors to carry out the activities easily and smoothly". Based
on this definition, the designer must have an understanding of construction, but due to the lack of
communication and coordination in the local context, the designer usually lacks this feature. In the end, the
building delivery index has a lower degree of importance than others in terms of time efficiency. BIM four-
dimensional simulation technique; The integration of project scheduling and planning with the 3D model
reduces the construction project delivery time through the automatic identification of delays and collaborative
space between the contractor and subcontractors. This technique visualizes and visualizes the structure of the
work failure of the construction process in the planning and scheduling of all components of the 3D model, and
makes the optimal decision based on the correct sequence and time management of construction projects.
Facilitates Also, the application of roughs’ theory along with multi-criteria decision-making methods can help
the stakeholders in making decisions under conditions of uncertainty and is a starting point for research based
on BIM and its management perspectives in presenting It is the right insight to use it in Iran's construction
projects.

4. Conclusions

The current research creates a basis for filling the gap in the knowledge structure, that is, the lack of studies
in the field of applications based on BIM in line with the key performance indicators in the construction phase
of the project life cycle in Iran. Also, it is the first research that uses roughs’ theory to assess BIM's capabilities.
Since measuring the most appropriate option is a multi-criteria decision-making problem. Therefore, decision-
makers use preferences that are uncertain when weighing options. In the present study, roughs’ theory, which
is efficient in such conditions, is used. first used Delphi to identify criteria and decision-making options and
then used roughs’ theory to convert experts' preferences into interval numbers and the new combined method
of the Analytical Hierarchy Process (AHP) and VIKOR. Rough is used to measure BIM capabilities. It should be
mentioned that in the present study, the VIKOR-AHP method was developed with rough data. In the end, to
show the applicability of the proposed method, it was used in a case study. The results showed that the
application of roughs’ theory along with multi-criteria decision-making methods can help the stakeholders in
making decisions under conditions of uncertainty and is a starting point for research based on BIM and its
management perspectives to provide the correct insight for its application in Iran's construction projects. In
this regard, the findings of this research showed interesting results that reflect the perception of building
design and construction executives in Iran regarding the benefits of BIM for the performance indicators of
construction projects. That is, they assigned the main roles to the indicators of quality improvement and
sustainable construction, and relatively lesser roles to the indicators of reducing the cost of construction and
delivering the building in terms of time efficiency. This is in contrast to the construction industry in Iran
because it leads to low profitability and high failure, construction companies adopt new methods and change
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their traditional approaches such as CAD until they return the money. and benefit from proven investment
returns, which give priority to monetary values instead of the principles of quality and sustainability. Based on
this, the current research is the starting point of research based on building information modeling and its
management perspectives, which shows insight into the direction of using BIM in Iran's construction projects.
Although some applications of BIM may be idealistic in the current conditions of this country, in general, it is
important from the practical and analytical point of view because the presented model can improve the expert's
ability to identify the most effective aspects of BIM in key performance indicators. and increase the instrument.
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