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EXTENDED ABSTRACT

Introduction

The increasing progress of construction technology in today's fast-paced world has
made it one of the most important drivers of the future. This research examines the
technological changes of the construction industry by adopting futures studies approach.
The purpose of the present research was to determine the key technological factors affecting
the future of the construction industry and to answer the following questions: 1) What are
the technological drivers of the construction industry? 2)What are the key technological
factors that have the greatest impact on the future of the construction industry?

Methodology

The research method was applied and carried out with a combination of quantitative
and qualitative methods. The first part of the research was carried out by descriptive-
analytical method. In this section, the primary technological drivers affecting the
construction industry were determined through library study and using existing books,
texts and articles. In the next part, Delphi survey and Structural Analysis were used to
finalize the technological drivers and identify the key technological factors. Based on the
Delphi method, a group of experts was determined; in the first stage of Delphi, a
questionnaire containing primary technological drivers was sent to experts. After reviewing
the answers, the questionnaire was altered based on the experts' opinion. The second stage
of Delphi was conducted through a five-choice Likert questionnaire including the identified
drivers. In this round, the expert consensus was achieved and the drivers approved. In the
next part of the research, the key technological factors that havthe greatest influence on the
future of the construction industry were determined by the structural analysis method. In
this section, an n*n matrix questionnaire including the final drivers was sent to the experts
to determine the influence of these factors. In addition to determining the direct effects of
the variables, their indirect effects were also evaluated by using MICMAC software.
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1 Block chain 10 Modularization
2 Robotics 11 3D Modeling Software
3 Smart Structures & Facilities 12 Automation in Designing
4 Energy Simulation Software 13 Modern building maintenance & repair systems
5 Prefabrication 14 Green Material
6 Virtual & Augmented Reality in Designing 15 Laserscanners
7 Automation in Construction 16  clean & renewable energy supply systems
8 Building Information Modeling 17 Virtual & Augmented Reality in Construction
9 3D Printer 18 Building Sustainability Standards

Figure 1. Direct influence/dependence map.

Results and discussion

The results of the literature review led to the identification of 26 factors in 5 areas
including construction, design, energy, maintenance and management as technological
drivers. After the first stage of Delphi, a number of similar drivers were grouped together,
and some drivers were divided into two or more categories because of their differences. As
a result, 18 technological drivers were identified in four areas: "design", "construction”,
"maintenance, repair and operation” and "management". In the second stage of Delphi, all
factors obtained minimum average of 3 and a significance level of less than 50% in the ratio
test and the expert consensus were achieved. In order to determine the influence of the
variables, an 18*8 matrix containing the technological drivers was prepared. According to
the output of the MICMAC software, the filling rate of the matrix was 93.210% which
demonstrated that the selected factors had a large and scattered effect on each other. The
distribution of drivers around the diagonal axis in the dispersion map (Figure 1) indicates
high instability of the system. The results of the structural analysis indicated five categories
of factors: 1) the northwest part of the dispersion map including influential factors (robotics,
blockchain, automation in construction, new 3D modeling software, automation in
designing and green materials) that had a major influencing power; 2) the north-east of the
dispersion map included relay factors (smart systems including smart structures and
facilities, building information modeling, new energy simulation software, 3D printers,
prefabrication, virtual and augmented reality in designing and modularization) which had
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strong influence and dependence; 3) the dependence of factors in the southeast part of the
dispersion map was greater than their influence (such as laser scanners); 4) the southwest
part of the dispersion map included the autonomous factors (clean and renewable energy
supply systems, virtual reality and augmented reality in construction and building
sustainability standards) which had both low influence and dependence; and 5) regulatory
factors located near the centre of the dispersion map (modern building maintenance and
repair systems). The investigation of the indirect effect of the factors showed that first to
seventh relay factors in direct influences were also ranked first to seventh in indirect
influences with a slight shift (Table 1).

Tablel. Direct and Indirect influences.

Rank Indirect influence Factor Direct influence Factor
Dependence  Influence Dependence  Influence
1 669 658 3D printer 678 656 3D printer
Smart structures Energy simulation
2 653 635 and facilities 656 633 software
Building Building
3 625 631 information 633 633 information
modeling modeling
Energy simulation Smart structures
4 617 628 software 610 633 and facilities
5 616 616 Prefabrication 610 627 Prefabrication
6 611 611 Virtualand 610 610 Modularization
augmented reality
7 608 607 Modularization 610 610 Virtualand
augmented reality
Conclusion

According to the results, 7 relay factors that had both strong influence and dependence
as well as 2 influential factors including building information modeling, blockchains, new
energy simulation software, virtual and augmented reality in designing and construction,
smart systems structures and facilities, 3D printers, prefabrication, modularization and
robotics were determined as the technological uncertainties of the construction industry.
Among these 9 factors, 2 factors belong to the field of design, 5 factors belong to the field of
construction and 2 factors belong to the field of management. Based on results, the key
technological factors of the construction area will have the greatest impact on the future of
the construction industry. The widespread use of digital and smart systems increases the
speed and accuracy of construction work. On the other hand, because of the complexity of
the construction process in the future, it is necessary to have an integrated management
system such as building information modeling system. In addition, the widespread use of
energy simulation software shows the importance of sustainable and energy consumption
optimization design in the construction industry.
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