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SUMMARY: Building Information Modeling (BIM) has revolutionized construction, yet its success in the
architectural design phase remains hindered by interrelated obstacles. Using Fuzzy Cognitive Mapping (FCM)
and expert input from a large-scale commercial project in Iran, this study models the causal relationships among
23 obstacles, 10 intermediate consequences, and the triple constraint (time, cost, quality Drawing on expert
knowledge from a large-scale commercial project in Iran, static (max-min path analysis) and dynamic (iterative
activation until equilibrium) analyses were performed. Key findings reveal that ‘lack of teamwork mentality’ (E4)
consistently emerges as the most critical intermediate consequence across all scenarios (final activation 0.58—
0.65). Environmental obstacles exert the strongest negative influence on project cost (0.65) and time (0.63), while
human-related barriers — particularly lack of compatible standards and guarantees for smaller projects —
dominate in the real-case validation. Scenario simulations demonstrate that activating environmental obstacles
produces the highest equilibrium values on the triple constraint, whereas organizational and human obstacles
most strongly amplify reduced productivity and lack of teamwork mentality. The resulting FCM provides a
quantifiable, decision-support framework for prioritizing mitigation strategies in BIM implementation during
architectural design. These insights advance understanding of obstacle propagation dynamics and offer actionable
guidance for practitioners and policymakers in developing and emerging construction markets.
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1. INTRODUCTION

Construction is a fundamental, critical, and complex industry in development of societies. One of the common
concerns among project stakeholders is proper and effective management of time, cost, and quality, such that in
most cases, these three indicators are prioritized in the ranking of projects for implementation and completion and
sometimes the basis of measurement of the project success. Building Information Modeling (BIM) supports
planning, designing and budgeting of the project, and provides a platform to help architects improve the
evolutionary design process to increase the design speed and quality. BIM is a comprehensive computer-based
information system of building details. BIM, as a tool for facilitating architects’ performance, reduces design and
management errors during and after the implementation, increases building productivity, and reduces project
implementation and operational issues (Butt, Naaranoja, & Savolainen, 2016; Waqar, Othman, & Mansoor, 2024).
BIM helps architects reduce consequences of stakeholders’ improper decisions and improves project design
management by providing a better picture of project reality (Allban, 2024; Lahdou & Zetterman, 2011).

Considering benefits of BIM models throughout project life cycle, and with increasing popularity of BIM
platforms, it is now possible to use it to develop basis for synchronization and application of various building
information resources as early as conceptual and architectural design phases (Dave, Buda, Nurminen, & Framling,
2018; Dave, Kubler, Framling, & Koskela, 2016; Wang, 2012). According to the general view shown in the studies,
most of research projects are towards identifying and listing these obstacles with a one-level approach (Al-Zwainy,
Mohammed, & Al-Shaikhli, 2017; Babatunde, Udeaja, & Adekunle, 2020; Bosch-Sijtsema, Isaksson, Lennartsson,
& Linderoth, 2017; Chan, 2014; Hamidi Monozam, Monazam, Hosseini, & Zaeri, 2016; Hatem, Abd, & Abbas,
2018) and mostly without considering the effects or interactions among these obstacles. Since the implementation
of BIM in projects requires fundamental changes in all traditional methods since the beginning of projects,
construction stakeholders should consider comprehensive and continuous planning for its establishment.

systematically identify, categorise and — through the application of Fuzzy Cognitive Mapping (FCM) — model
the causal interdependencies among obstacles to BIM application specifically in the architectural design phase,
together with their principal intermediate negative consequences, and to quantify both their direct and indirect
impacts on the conventional project success criteria of time, cost and quality. By developing and validating the
first multi-layer FCM tailored to this context, the work provides a granular, quantifiable decision-support
framework capable of revealing how environmental, organisational, human, and technological barriers propagate
through intermediate effects to influence project outcomes. Like any other changes, the application of new
technologies such as BIM will result in stakeholders facing different obstacles. The larger the scale of projects and
the greater their complexities are, the more BIM benefits are reflected in them, and the more important is the need
for special attention to resolve the obstacles and their consequences on BIM application (Brahmi & Sassi-
Boudemagh, 2024; Jadidoleslami & Saghatforoush, 2026; Pei Tang, Amlan Mukherjee, & Onder, 2010).

In the following, after introducing the generalities of the BIM concept and its application in architectural design,
the obstacles to BIM implementation in the architectural design and their consequences are reviewed.

2. LITERATURE REVIEW

BIM is widely used in many developed countries as a solution or emerging method to increase the accuracy,
understanding, and speed of construction. Currently, the United States, Britain, Finland, Denmark, Norway, Hong
Kong, and Singapore have implemented this method in their private and public sectors. In recent years, the use of
BIM has influenced the success of many projects, particularly in the architectural design phase. Therefore, it is
crucial to understand the role of BIM in architectural design development to identify and analyze the obstacles to
its implementation by considering dynamic effects of obstacles on each other, and on time, cost and quality factors.
In this section, the BIM’s position in architectural design is discussed, and existing literature on obstacles to BIM
application in the architectural design are reviewed.

2.1 BIM in architectural design

BIM has been introduced since 2002 in the context of technological developments; and now, after more than two
decades, it has reached a prominent position at the international level. The philosophy of this method is based on
optimization of a comprehensive digital model of building and its application at all stages of project life cycle
(Jadidoleslami & Saghatforoush, 2026; Saghatforoush, Hosseini Nourzad, Zareravasan, & Jadidoleslami, 2023).
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BIM is a computer-based modeling technology used for managing and generating building information and its
analysis (Butt et al., 2016; Toyin & Mewomo, 2023). According to the definition presented by the American
National Building Information Modeling Standard (ANBIMS), BIM is a digital representation of the physical and
functional characteristics of a structure and is a shared source of knowledge for a structure and a reliable basis for
decision making during its life cycle (Jadidoleslami, Azizi, Sobhiyah, & Zareravasan, 2025). The fundamental
hypothesis of BIM is helping stakeholders, including architectural designers, at different stages of a structure life
cycle from the beginning of its setup and updating to its completion, to make it possible to reflect on the tasks of
a stakeholder. Using the BIM allows stakeholders to have a realistic view of the future to see the final design in an
nD shape model, to understand what is going to be delivered. Having a database for projects assists in better
decision-making (Lahdou & Zetterman, 2011).

By using such a database, the design speed can be increased, as fewer communication is required. Visualizing the
construction process through an nD model enhances the understanding of processes significantly and helps identify
construction issues and possible problems in the building operation process. This is an effective method to improve
the design and quality of documents and helps to increase cost estimations accuracy by 3%. BIM can be
cooperative in helping construction practitioners to conduct small or high-risk projects. If it is performed
successfully, it can prevent various duplications (Cho et al., 2011).

CAD is merely a 3D display of 2D designs, and unlike BIM, it is not intelligent. In fact, the CAD system cannot
detect errors automatically. However, BIM is a modeling system based on a database. The design process in BIM
starts with development of a model consisting of intelligent components that represent doors and windows,
ceilings, beams, stairs, air conditioning system, wiring, and so on. These components and their relationship with
each other are defined and all information related to the features of each component is stored and by applying any
changes in its features, it adapts itself with the new design. Using BIM, the components of the building can be
designed and changed if necessary. These changes are applied at all stages of the project. In such a way that at the
same time with the design of the plan, the height, cross-section, and details of the building are made, and any
changes are applied automatically and simultaneously at all aspects of the model. Moreover, BIM allows us to
store key project information in the model; while in traditional systems, this information was stored using notes
(Krygiel & Nies, 2008).

The main difference between CAD and BIM model is that in the CAD system, all drawings are prepared separately
and state the building characteristics only. However, in BIM, all information is gathered in one model, and all
drawings are extracted from it, and all components are defined with real characteristics and are linked to each
other. BIM has many benefits for projects, including resolving many construction problems such as delays, design
interferences, duplications, lack of coordination among project components (Latiffi, Mohd, Kasim, & Fathi, 2013).

BIM is one of the most promising developments in the architecture, engineering, and construction (AEC) industry.
In BIM, a virtual model of the building gets created. Such a computer-based model contains the accurate
information and geometric shape required for supporting the construction, production, and supply activities,
through which the building is built. Moreover, BIM coordinates many of the functions required for modeling the
building life cycle by providing a basis for changes and new design and construction capabilities in the drawings
and relationships between the project team. When BIM is appropriately applied, it develops a consistent design
and construction process, which results in buildings with higher quality, lower cost, and shorter construction time
(Eastman, Eastman, Teicholz, & Sacks, 2011; Eze, Aghimien, Aigbavboa, & Sofolahan, 2024; Parsamehr, Perera,
Dodanwala, Perera, & Ruparathna, 2023). Since the BIM implementation in projects requires major changes in all
traditional methods, it is expected that like any other change, applying these changes face many obstacles and
resistance. In the following, the issue of obstacles to proper BIM implementation is addressed.

2.2 Obstacles to BIM implementation in the architectural design phase

The introduction of BIM into the construction industry promises dramatic developments in this industry and
replaces traditional current processes in projects. The construction industry practitioner acknowledges its slowness
and low productivity. The wide range of BIM use, which supports the entire process of building life cycle and
reduces costs and time and improves various work processes, has made the employers, consultants, and contractors
to take advantage of it. The obstacles to BIM implementation have caused a lack of using full potentials of BIM
up to now. Identifying and analyzing these obstacles helps providing solutions to resolve them. Many studies have
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been conducted in this regard, but the obstacles in the architectural design phase have not been evaluated in a
purposeful way.

Yan et al. (2008) identified these obstacles through a historical review of literature and case studies conducted on
experts in this field in developed countries, and throughout the building life cycle. According to the results of this
study, the main five obstacles were the adequacy of the current technology, individuals’ refusal to learn new
technology, being inappropriate for all projects, waste of time and human resources, and the high cost of copyright
and training. The obstacles related to training and learning as well as costs for BIM implementation in the
architectural design phase are observable.

Sawhney et al. (2013) conducted a comprehensive study in India to identify the obstacles to and stimuli of BIM
implementation. In this research, emphasizing the lack of literature in the field of BIM in India, at first through a
semi-structured interview with industry experts involved in BIM projects and based on the findings of this
qualitative research and literature review, in the second phase a web-based survey was conducted that was aimed
to address a wide range of industry experts. After data collection and analysis, it was found that the main obstacles
were related to the impact of teaching and learning, fear and resistance to change, and lack of technical skills.
These obstacles significantly affected the BIM implementation in the architectural design phase.

Kekana et al (2014) identified the existing obstacles in the South Africa through a literature review. Delegation of
professional responsibility for design and intellectual property of the output of this stage and lack of necessary
standards for applying BIM were among the significant obstacles addressed in this study. The existence of any of
these obstacles from the beginning of the design may make the use of BIM difficult.

In Iran, Hosseini et al. (2015), conducted a study through a field study and distribution of questionnaires among
experts and found that the most important obstacles to BIM are related to the structure of the Iranian market, the
nature of the construction industry, and the business environment in this country, and lack of attention of
policymakers and the government. It seems that the identified obstacles in this study, such as lack of knowledge
about the process of BIM adoption, lack of appropriate infrastructure, lack of support of managers to change the
current methods, and lack of standards and practical guidelines for BIM approval in Iran influences the design
phase most. Similarly, in the study conducted by Liu et al (2015) , to identify the obstacles in the AEC industry,
six main obstacles are identified and prioritized through a literature review and a survey. These obstacles included
lack of tendency to share information in BIM, high initial cost of software, high cost of the implementation process,
lack of experts, and high cost of teaching and learning have a significant negative effect on BIM implementation
in the architectural design phase.

Oteng et al. (2018) evaluated the obstacles to BIM implementation in developing countries. In this study, using
purposeful sampling method, about 300 questionnaires were distributed among experts in the field of BIM in
Ghana. The identified obstacles were classified as human resources, technical issues as well as contractual,
economic, and managerial issues. A similar study was conducted by Siddiqui et al. (2019) in Pakistan. The main
identified obstacles included lack of skilled personnel, unwillingness of stakeholders to share information, legal
and security issues related to software, and high cost of BIM implementation. It is obvious that these obstacles in
the architectural design phase and at the beginning of using BIM, are undeniable. Siebelink et al. (2020) evaluated
these obstacles from a different perspective in terms of their effect on the organizational level in relation to BIM
maturity. In this study, using multiple cases, the existing obstacles, and their effect on various organizational levels
(including senior management to project teams) were examined and important obstacles included motivational
obstacles to BIM application, competence, and time capacity of individuals at all levels of an organization and
obstacles at the middle management level such as lack of support of top management. In this study, the existence
of obstacles is considered as a brake on the maturity of BIM at the organizational level. The interesting point in
this study is that the obstacles identified in previous studies, such as high cost of the implementation process, lack
of experts, and high cost of teaching and learning in BIM implementation and resistance to change, which were
limited to the project level, still were of great significance at the organizational level.

In this study, through in-depth review of literature, classification of the obstacles to BIM implementation in the
architectural design phase is performed, and 23 obstacles are identified in Appendix 1 accordingly.

There are some studies that address the impact of obstacles to BIM implementation on various aspects of the
projects, including time, cost, and quality (Bosch-Sijtsema et al., 2017; Hamma-adama, Kouider, & Salman, 2020;
Nsimbe & Di, 2024; Oraee et al., 2019; Siddiqui et al., 2019); In these studies, lack of quantitative based analyses
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that could address the consequenses of obstacles on BIM application in various aspects of the project, inclduing
time, cost, and quality is evident. In the continuation of this study, using a literature review, the impacts of obstacles
to BIM application on time, cost, and quality are assessed. Ten effective factors are prioritized in the Table 1.

Table 1 systematically outlines the negative impacts that can arise when implementing BIM in the architectural
design. Each entry, labeled E1 through E10, identifies a specific obstacle encountered during BIM application,
along with references to scholarly articles that have discussed these obstacles. Mentioning these factors in the
article emphasizes the importance of overcoming these obstacles to fully harness the benefits of BIM in
architectural design. The references provide empirical evidence and further reading for those interested in studying
the consequences in more detail. This table serves as a warning and a guide for professionals to anticipate and
mitigate these issues for successful BIM implementation.

Table 1: The impacts of obstacles to BIM implementation.

Id Title References
(Babatunde et al., 2020; Demeke Wasse & Dai, 2024; Sawhney &
Singhal, 2013; Siddiqui et al., 2019)
(Babatunde et al., 2020; Sawhney & Singhal, 2013; Siddiqui et al.,
2019)

. . . (Babatunde et al., 2020; Kineber et al., 2023; Matarneh & Hamed,

E3 Unestablished working collaboration between stakeholders o
2017; Oraee et al., 2019; Siddiqui et al., 2019)
(Farouk, Zulhisham, Lee, Rajabi, & Rahman, 2023; Hatem et al.,
2018; Oraee et al., 2019; Oteng et al., 2018)

El  Increasing errors and omissions

E2  Increasing conflicts during construction

E4  Lack of teamwork mentality

E5  Increasing reworks (Oraee et al., 2019; Sawhney & Singhal, 2013; Siddiqui et al., 2019)
E6  Reduced productivity (Hatem et al., 2018; Matarneh & Hamed, 2017; Siddiqui et al., 2019)
E7  Reduced construction safety. (Chan, 2014; Matarneh & Hamed, 2017; Siddiqui et al., 2019)

E8  Increasing number of workers on sites (Chan, 2014; Saka & Chan, 2023; Siddiqui et al., 2019)

(Chan, 2014; Hatem et al., 2018; Samimpey & Saghatforoush, 2024;
Siddiqui et al., 2019)
E10 Weakness in information documentation (Chan, 2014; Matarneh & Hamed, 2017; Siebelink et al., 2020)

E9  Reduced Constructability

Although FCM has previously been applied to risk modelling and critical success factors in ERP implementation
(e.g., (Lopez & Salmeron, 2012; Zareravasan & Mansouri, 2015)) and general construction project performance
(e.g., (Jadidoleslami, Saghatforoush, Zareravasan, & Mansouri, 2025; Kahvandi, Saghatforoush, Zare Ravasan, &
Preece, 2019)), these studies have typically focused on single-layer representations of risks, success factors, or
performance drivers within broader project management or technology adoption contexts. To date, no published
work has developed a multi-layer FCM that simultaneously captures (i) a comprehensive set of categorized
obstacles specific to BIM adoption in the architectural design phase, (ii) their propagated intermediate negative
consequences, and (iii) the quantifiable aggregated effects on the classic triple project constraints of time, cost,
and quality. The present study addresses this gap by constructing and validating the first such layered FCM model,
informed by expert knowledge from a large-scale real-world commercial project, thereby providing a more
granular, causal, and decision-oriented framework for understanding and mitigating BIM implementation
challenges at the critical early design stage..

As mentioned earlier, this study is to analyze the consequences of the obstacles on BIM application in the
architectural design and their effect on time, cost, and quality. In recent years, the obstacles to BIM implementation
in the architectural design phase have led to the lack of complete use of all potentials of BIM technology in the
architectural design phase. These obstacles may influence each other and intensify each other’s effects. Their effect
on time, cost and quality is also evident and undeniable. To analyze and evaluate these effects, the next section
describes the research method applied.

3. RESEARCH METHODOLOGY

The purpose of this study is to identify the consequences of Obstacles on BIM application in architectural design,
as well as their impact on each other and on the project’s time, cost, and quality. Considering this, a Fuzzy
Cognitive Map (FCM) model is designed, which helps to identify and avoid undesired consequences in
construction projects. This model can be used to identify performance and success indicators (Xirogiannis &
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Glykas, 2004), information system selection (Bueno & Salmeron, 2008), and scenario design (Biloslavo &
Dolinsek, 2008). The FCM method helps decision-makers analyze causal relationships and facilitates achieving
the desired answer. In fact, the fuzzy nature of the method makes ambiguous degrees of causality between
ambiguous concepts possible (Glykas, 2010). Figure 1 summarizes the procedures undertaken for building and
validating the FCM model. As shown in this Figure, while the FCM model is being developed, its validity is also
analysed. The applied validity analysis approach is proposed in previous research (Kleijnen, 1995; Oral & Kettani,
1993). This process requires consideration of certain types of validity. These were associated with the FCM
creation phases. Thus, this study aims to guarantee that the final model would be an accurate representation of the
problem studied. Next section introduces the FCM technique and the steps for its modelling and analysis.

' Building FCM model

Analysis and Modeling Implementation and
conceptualization getting results
14 T identifuing ( ™
******* e S| Identlfym’g R - R Static and R
| Identifying BIM ) obstacles Building FCM )
| » > dynamic FCM
obstacles consequences model .
R analysis
\_ \and failure modes)/ \_
Conceptual and " Logical validity " Experimental validity
content validity
' Validating FCM model Operational validity

Figure 1: Steps to udertaken for building and validating the FCM model.

3.1 Fuzzy Cognitive Maps (FCMs)

The FCM method is an extension of cognitive maps as a tool to understand and analyze complex systems with
several interrelated concepts (Kosko, 1986). The FCMs are facing an increasingly wide acknowledgment from the
research community that is reflected by the continuous growth of publications in a wide range of scientific and
industrial domains, including business, information technology, industrial processes and control, engineering,
environment, political, and social science (Elpiniki I Papageorgiou, 2011).

As the FCM model has interdependencies between concepts, it can be considered as a system dynamics description
method in which concept values are changing along the iteration process. Although the FCMs have similar
characteristics and are practically considered as a form of Artificial Neural Networks (ANN), they differentiate
from other types of ANN exhibiting a unique behavior that require an alternative approach for their analysis
(Yegnanarayana, 2009). The FCM technique is an attractive way to model real-world problems, indicating strong
ability to capture the dynamics of complex models, with many advantages, such as ease of creation,
parameterization and use, minimal requirements in resources, instant response, and easily understandable by
humans (Christoforou & Andreou, 2016). Besides, the FCMs represents a great variety of situations, including
uncertain descriptions, with linguistic descriptions (Jadidoleslami, Saghatforoush, & Zare Ravasan, 2018; Zare
Ravasan & Mansouri, 2014). These explanations enable authors to represent the experts’ belief that it is hard to be
quantified in numerical terms. Therefore, human perception is reflected in the model in a more precise way. FCMs
effectively handle uncertainty in construction projects. They represent all possible connections without restricting
feedback dynamics and perform well even with scarce informatio (Lopez & Salmeron, 2012; E.I. Papageorgiou,
A Markinos, & T. Gemptos, 2009). Finally, yet importantly, the FCM method can work with limited sample sizes,
supported by a single expert or panel of domain experts (Lopez & Salmeron, 2012). Accordingly, the FCM
technique is targeted to be applied for modelling the BIM obstacles’ interrelationships. This section provides an
introduction to the FCM concept and algorithm.

Every FCM model encompasses some concept nodes (Ci), representing key attributes, and some weighted arcs
(Wij) connecting these nodes, representing the casual relationship among nodes (Jose L. Salmerona, Mansouri,
Mohammad Reza Sadeghi Moghadam, & Amirhosein Mardani, 2019). The relationships between two concepts
can be 1) positive causality (Wij >0, 2), negative causality (Wij < 0), and 3) no relationship (Wij = 0). The higher
values the Wij depict, the stronger the effects of Ci on Cj.

There are also two types of analyses in the FCMs as static and dynamic. Static analysis displays the overall effects
of the extracted model, which is the general influence of the input and intermediate concepts on the output ones.
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To implement such analysis, at first, a casual path from some concept node (Ci) to concept node (Cj), say Ci --~
Ckl, Ck1--~... Ckn, Ckn--~Cj can be indicated by sequence (i, k, ...., kn,j). Then the indirect effect of Ci on Cj is
the causality C~I impart to Cj via the path (i, kl....kn,j). The general effect of Ci on Cj is the compound of all
indirect effect causalities C~ imparts to Cj (Kosko, 1986). A simple fuzzy causal algebra is created by interpreting
the indirect effect operator I as the minimum operator (or t-norm) and the general effect operator T as the maximum
operator (or s-norm) on the partially ordered set P of causal values (Pelacz & Bowles, 1996). Formally let ~ be a
causal concept space and let e: ~ x ~ P be a fuzzy causal edge function, and assume that there are m-many causal
paths from Ci to Cj: (i, k~.... k~, j) for 1 ~<r~<m. Then let Ir (Ci, Cj) indicate the indirect effect of concept Ci
on concept Cj via the “r’’th causal path, and let T (i, Cj) represent the general effect of Ci on Cj over all m causal
paths. Then:

I~(C;, C)=min(w(C,, Cp+,): (p,p+1) ~ (i, k~.....k,~j)) €))
T(Ci, C)=max(Ir(C;, C))), where I< ~r<~m 2)
Where p and p+1 are contiguous left to right path indices (Papageorgiou, 2010).

Dynamic analysis, on the other hand, starts with an extracted model as mentioned above and an initial state of
the corresponding system, which represents weight matrix W and initial vector A0, respectively. AO depicts the
existing states of each concept in the modelled system.

The ultimate goal of the dynamic analysis is estimation of the final state of these concepts under causal and
effective relationships of the model. Thus, to reach this goal, an iterative process commences and is used at each
step for calculating the new value of concepts as shown in the equation 3 (Groumpos, 2010).

&)

n
A= Z AT W + AL

=1

j=i
Al is the value of concept Ci at time t, A{™? the value of concept Ci at time t-1, A}‘l the value of concept Cj at time
t-1, and the weight Wj; of the interconnection from concept Cj to concept Ci. The function f'is a threshold function
and squashes the result in the interval (Glaser, 1978). This value indicates at which level this concept gets activated
(Hobbs et al., 2002). The activation level can represent membership in the fuzzy set, describing linguistic measures
of relative abundance (e.g., low, average, and high) (Kosko, 1986). Furthermore, the logarithmic sigmoid function
is applied here to activate any concept’s value, where w > 0 determines the steepness of the continuous function
f as equation 4:

f(X) = m (4)

3.2 Selecting experts and forming the panel

FCM graphs are built from any data that shows causal relationships or with the support of a single expert or a panel
of experts (Rodriguez Repiso, Setchi, & Salmeron, 2007). The output of this technique highly relies on the quality
of input data. To improve final graph's reliability and consistency, using a panel of experts is recommended (Yaman
& Polat, 2009). A heterogeneous panel is a group of people with the same knowledge but at different social or
professional levels. (Zare Ravasan & Mansouri, 2014). Hence, to build and validate the model, a panel of experts
is used.

The optimal number of participants depends on the characteristics of research. However, it is recommended that
the greater the heterogeneity of the panel is, the fewer the number of participants can be.

Given the heterogeneity of the panel (project managers, employers, designers, consultants, and contractors) and
their varied professional backgrounds, we did not aim for a large panel size (see Table 2 for demographics of
experts). In addition, the selected experts had participated in different construction projects. This team composition
guarantees that the selected participants have a profound knowledge of BIM obstacles and challenges. Moreover,
based on the recommendations on the FCM sample size on the heterogeneous panel of experts (Lopez & Salmeron,
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2012; E.I. Papageorgiou et al., 2009), the study sample size is 10. The panel size is similar to that of prior FCM
studies (Elpiniki I. Papageorgiou, Athanasios Markinos, & Theofanis Gemptos, 2009; Salmeron, 2009, 2010).

Table 2: Demographics of the experts in the panel.

Id Role Field Characteristics
. 25 years of experience
Head of the Project X .
Expertl Consultant Post-graduate in the field of construction

management office . . L . .
Having direct cooperation in in the infrastructure project

14 years of experience
Expert2 Project manager Contractor Undergraduate in the field of construction
Having direct cooperation in the infrastructure project

16 years of experience

Architectural . .
Expert3 . Consultant Undergraduate in the field of construction
Designer . . L . .
Having direct cooperation in the Commercial projects
8 years of experience
Expert4 Technical expert Contractor Undergraduate in the field of construction
Having direct cooperation in the construction project
. 14 years of experience
Architectural . .
Expert5 Desi Employer Undergraduate in the field of construction
esigner . . Lo . . .
& Having direct cooperation in Design and construction projects
13 years of experience
Expert6 Technical expert Employer Post-graduate in the field of construction
Having direct cooperation in the construction project
25 years of experience
Expert7 Head of Design Team  Consultant Post-graduate in the field of construction
Having direct cooperation in the Commercial projects
16 years of experience
Expert8 Technical expert Contractor Undergraduate in the field of construction
Having direct cooperation in the construction project
19 years of experience
Expert9 Executive Supervisor ~ Contractor Undergraduate in the field of construction
Having direct cooperation in the infrastructure project
. 18 years of experience
Architectural X .
Expert10 . Consultant Post-graduate in the field of construction
Designer

Having direct cooperation in the Design and construction project

In order to grasp a full view of BIM obstacles, people with planning, design, procurement and site operations
experience are required, as these are the main underlying concepts of BIM definition (Disney, Roupé, Johansson,
& Domenico Leto, 2024; Fadeyi, 2017). Throughout the panelling process, the field expertise was targeted (e.g.,
design, and construction) rather than affiliated bodies (e.g., employer, consultant, and contractor). Accordingly,
four experts in design domain are included in this study (Experts #3, #5, #7, #10), and three experts with
construction experience (Experts #4, #6, #8). Besides, two project managers (Experts #1, #2) and one Executive
Supervisor (Expert#7) for the sake of having multi-disciplinary experience in the panel are also included (to have
views on other areas than design and construction, such as planning and procurement). These multi-disciplinary
experts are highly experienced in the field, each of which have at least 20-years of domain knowledge. Above all,
experts with both academic and practice knowledge and experience are also included, which facilitated explaining
the method and weighting procedure.

The project studied in this research belongs to one of the largest commercial-administrative complexes in the
Middle East with a specific area of about 740,000 square meters in the west of Tehran, the capital of Iran.
Construction of the project began in 2016 and most of it were operational by 2024. The project consists of several
main sections, including a tower, a set of commercial, office, retail and store spaces, an amphitheatre hall, a cultural
sports complex, and the required parking lots of about 70 floors. Due to the scale of the project, many contractors
and subcontractors are working on it. During the construction phase, due to conflicts between contractor and
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designer, a large part of the project was out of order, or some duplication occurred. The stakeholders' targeted study
include two of the top ten experts on the home page (e.g., Expert No. 5 and Expert No. 9).

3.3 Creating the FCM model

As the first step to create the FCM model, the BIM obstacles are identified and conceptualized along with their
consequences. An FCM model is especifically built for predicting the joint influences of obstacles by categorizing
them as organizational, technical, skills, and environmental obstacles.

Then, the conceptual validity of the created model is assessed. We thus sought to corroborate whether the concepts
(obstacles, consequences, failure modes) underlying the conceptual framework are correct and enough to model
the impact of obstacles on the outcomes of projects.

In doing so, first in the literature review, every relevant concept into the model are identified, following the idea
of theoretical saturation (Breckenridge & Jones, 2009), so that at the end of the review, we were not able to find
any new concept to add the model. This process assures the content validity of the concepts. Second, all panel
experts are asked the following question: “Is this research looking at the study of BIM obstacles from an
appropriate perspective, and do you think we have a complete list of concepts?” The whole set of panel experts
answered affirmatively. In addition, they approved the identified obstacles and consequences impact on the
outcomes of construction projects.

Through the process, a list of 23 obstacles are identified and validated as the model’s first layer, 10 obstacles’
consequences as the second layer; and three project failure modes (e.g., time, cost, and quality) as the third layer
(see Figure 2).

Values in the Appendices 11, III, and IV represent the causes and effects in the FCM model. Regarding the density
of model, the final FCM model contains 23 nodes in the first layer with 45 arcs/arrows (see Appendix II), 10 nodes
with 40 arcs in the second layer (see Appendix III) and three nodes with 15 arcs in the third layer (see Appendix
IV), making a total 36 nodes interconnected through 100 arcs. It shows that the BIM obstacles and project
outcomes are highly interrelated, which indicates the complexity of the model. Regarding a large number of nodes
and underlying interconnections, only a partial representation of the model is provided in Figure 2.

BIM obstacles

---Organizational obstacles
Y
: o.p 1oz 1 0.2 obstacles’ consequences
Qo0 - Q -
i 0.2 H e 0.2
1 Environmental obstacles
"e - Failure modes
o O, -
Ld -
oo @ Qo .
- - .. Human ebstacles_ /04 -e
0.2 0.1 -
© & Q-
0.2
0.5 Technological obstacles ° - 0.2
0.1
@ 102 — -
® o
® ® -

Figure 2: BIM obstacles, consequences, and project failure modes.
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To model the interdependencies, at first, all panel experts are asked to represent the existed interactions: a) among
BIM obstacles, and b) from obstacles to the consequences, and then c) from the consequences to project failure
modes.

Each panel expert is separately asked to describe the degree of interactions utilizing linguistic variables on a 10-
point scale from strongly low to strongly high. In cases where the assigned values are far from each other, they are
asked to refine their judgment. Nevertheless, where consensus is not achieved, they are asked to explain why such
values were assigned. Thus, one of the judgments is picked out according to their explanations. This procedure
assures that the weighting outcome is not biased with a single point of view (i.e., design, construction, or others),
and all parties have jointly reached a consensus over the outcome. This approach has been used as a method to
reach consensus in prior research (Kahvandi et al., 2019; Moalagh & Ravasan, 2013).

In order to get the experimental validity of the model, feedbacks of expert #1 and expert #7 whom were involved
in our real case are used. Dynamic analysis is performed in the Section 4.2. The simulation of scenarios
demonstrates the applicability and usability of the proposed FCM model. Expert #1 and expert #7 corroborated
that the findings achieved in the real project and simulation results (scenario 5) are similar in terms of the obstacles'
consequences and project time, cost, and quality.

Therefore, the FCM’s forecasts are quite accurate. Finally, the operational validity of the model are verified.

To ensure full replicability of the results, the complete weighted adjacency matrices are provided in Appendices
-1v:

— Appendix II contains all causal relationships among the 23 BIM obstacles (A1-A23),
— Appendix III presents the relationships from obstacles to the 10 intermediate consequences (E1-E10), and
— Appendix IV shows the relationships from consequences to time, cost, and quality.

The initial state vectors for the five scenarios are listed in Table 4. The dynamic analysis employs the standard
FCM iterative updating rule (Equation 3) with the logarithmic sigmoid squashing function (Equation 4, A = 1). All
computations were implemented in Python using standard matrix operations; interested readers can reproduce the
equilibrium states by initializing the concept vector with the provided values, applying the weight matrices, and
iterating until convergence (typically < 20-30 steps for this model size).

4. FINDINGS AND DISCUSSION

There are two types of analyses in the FCM method. The static analysis depicts the overall effects of each concept
on output ones; and dynamic analysis acts as an estimator of the final state of the system. Moreover, it allows
investigating "what-if" scenarios by performing simulations of a given model from different initial state vectors,
which is provided in this section. The Python programming language is used to implement the algorithm and its
analyses.

4.1 Static analysis

The proposed FCM model represents existing static connections from obstacles to project failure modes. Figure 2
depicts the partial graphical representation of the model. To make the model's representation easier and link it with
the dynamic analysis of the proposed FCM (explained further ahead in the text the obstacles grouped in
organizational, human, technological, and environmental categories are presented.

The Figure 2 is a partial representation because it does not include all the existing interactions. Nevertheless, it
represents the following links:

Direct relationships between the obstacles and within the categories (layer 1 in the Figure 2, also see Appendix II).
Direct links from obstacles to ten obstacles’ consequences (layer 2 in the Figure 2, also see Appendix III).

Direct relations from obstacles’ consequences to the three project failure modes (layer 3 in the Figure 2, also see
Appendix IV).

The indirect links also exist in the model, even though they are not directly observable from the Figure. This can
be represented by the multiple connections between the model concepts. This is logical since when one obstacle
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arises; it may affect other obstacles. For instance, there is no direct link between A1 and A8. However, there is an
indirect link between A1 and A8 through A6, since Al impacts A6 and then A6 links to AS.

It should be noted that all the relations incorporated in the model are positive, meaning that changes in the level
of the factors provoke changes in their effect factors in the same direction. Therefore, an increase in the level of
one obstacle makes the project failure more likely.

Based on the observed interactions between BIM obstacles (Ai), obstacles’ consequences (Ei), and project failure
modes (Fi) (see Appendices II, III and IV), the path effect from BIM obstacles to obstacles’ consequences (Ai~Ej)
and from there to project failure modes (Ei~Fj) can be calculated (using equations 1-4), which represent our static
analysis. The results of this static analysis are presented below.

The initial result taken static analysis is the indirect effects of obstacles on obstacles’ consequences (see Table 3).
The causal effects amongst these concepts are drawn using the maximum - minimums analysis (equations 1 and
2); whereas all these obstacles are considered as input and output concepts, simultaneously. Based on achieved
results of static analysis, the following interpretations are provided.

Table 3: Indirect effects (based on FCM Max-Mins relations).

Average**
El E2 E3 E4 ES E6 E7 ES E9 El0 e (initial FCM augmentation***
(indirect effects) effects)
Al 0.2 02 02 02 O 02 0 01 01 01 013 0.03 0.10
A2 0.2 02 01 02 0 01 0 0 0 0 0.08 0.06 0.02
A3 0.1 0 0 02 0 02 0 0 0 02  0.07 0.05 0.02
A4 0 0 0 02 0 0 0 0 0 0 0.02 0.02 0.00
A5 0 0 0 0 0 02 0 0 0 0 0.02 0.02 0.00
A6 0.2 0 0.1 02 02 04 02 0 0 0 0.13 0.06 0.07
A7 0.2 0 02 0 0 02 0 02 0 0 0.08 0.02 0.06
A8 0 0 0 02 0 04 0 0 02 02 0.1 0 0.10
A9 0 04 02 0 0 0 0 0 02 02 0.1 0.1 0.00
A10 0 0 0 0 02 02 02 0 0 0 0.06 0.04 0.02
All 0.2 0 02 02 02 02 0 02 02 0 0.14 0.04 0.10
Al12 0.2 0 0 02 0 02 0 0 0 02 0.08 0.04 0.04
A13 0.2 0 02 02 0 0 0 02 0 0 0.08 0.08 0.00
Al4 0.2 0 02 02 0 02 0 0 0 02 0.1 0.02 0.08
Al5 0 0 0 02 0 01 0 0 0 0 0.03 0.02 0.01
Al6 0.2 02 02 04 0 02 0 0 0 0 0.12 0.06 0.06
Al17 0 0 0 02 0 0 0 0 02 0 0.04 0.04 0.00
Al8 0.1 0 0.1 01 0 0 0 01 0 0 0.04 0 0.04
A19 0.2 0 01 0 0 02 0 0 0 0 0.05 0.02 0.03
A20 0 0 0 0 0 02 0 02 0 0 0.04 0.02 0.02
A21 0.2 0 02 02 0 0 0 02 02 0 0.1 0.02 0.08
A22 0.2 0 0.1 04 0 01 0 02 0 0 0.1 0.05 0.05
A23 0.2 0 02 02 02 02 02 02 O 0 0.14 0.08 0.12

*Average based on indirect effects (based on FCM Max of Mins relations)
**4verage based on initial effects (direct relations, Appendix II)
***ECM augmentation = Average (indirect effects) — Average (Initial effects)

According to the average values (initial effects) provided in the Table 4, A9 with 0.10 is known as the obstacle
with the most direct impact, followed by A13 and A23 with 0.08 in the next rank of direct effect. Among them,
A23 is in a higher rank in term of indirect effect. Also, in FCM augmentation relationships, the highest values are
related to obstacles All, A8, Al, A21 (0.1 — 0.12). It means that these obstacles have the most effect on the
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relationship network of the FCM model in this study. The important point is that the obstacles mentioned are
among the main obstacles that not only affect the success or failure of the project, but also influence other obstacles
and intensify them. These obstacles should be seriously considered in the field of BIM obstacles.

Table 4: Simulation results of the proposed scenarios.

Initial State Initial State Initial State Initial State Initial State
Scenario#1: Scenario#2: Scenario#3: Scenario#4: Scenario#5: our
Organizational Environmental Human Technological case
Al 1 0 0 0 0.00
A2 1 0 0 0 0.30
A3 1 0 0 0 0.20
A4 1 0 0 0 0.30
AS 1 0 0 0 0.00
A6 1 0 0 0 0.30
A7 1 0 0 0 0.00
A8 1 0 0 0 0.00
A9 0 1 0 0 0.20
A10 0 1 0 0 0.30
All 0 1 0 0 0.10
Al12 0 1 0 0 0.30
Al3 0 1 0 0 0.20
Al4 0 1 0 0 0.30
Al5 0 0 1 0 0.40
Al6 0 0 1 0 0.25
Al7 0 0 1 0 0.20
Al8 0 0 1 0 0.50
Al19 0 0 1 0 0.10
A20 0 0 0 1 0.10
A21 0 0 0 1 0.05
A22 0 0 0 1 0.10
A23 0 0 0 1 0.00
Final State Final State Final State Final State Final State
Scenario#1: Scenario#2: Scenario#3: Scenario#4: Scenario#5: our
Organizational Environmental Human Technological case
E1 0.60 0.58 0.54 0.00 0.55
E2 0.54 0.58 0.00 0.00 0.53
E3 0.52 0.58 0.54 0.00 0.53
E4 0.65 0.58 0.58 0.58 0.59
E5 0.00 0.58 0.00 0.00 0.52
E6 0.65 0.00 0.58 0.60 0.55
E7 0.00 0.54 0.00 0.00 0.51
E8 0.54 0.54 0.00 0.00 0.51
E9 0.00 0.58 0.54 0.54 0.52
E10 0.00 0.58 0.00 0.00 0.52
Time 0.58 0.63 0.57 0.51 0.63
Cost 0.56 0.65 0.64 0.63 0.65
Quality 0.54 0.58 0.54 0.52 0.58
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4.2 Dynamic analysis

The FCM method provides excellent mechanisms to develop forecasting exercises. Specifically, the results
indicate the level of influence of a set of obstacles on the outcomes of projects that enables us to develop “what-
if” analysis, supporting critical decision-making (E.I. Papageorgiou, 2011). Thus, practitioners can identify the
possible consequences under each scenario. Moreover, they can understand the necessary changes required for
their construction projects.

Dynamic analysis of FCM requires definition of an initial scenario, which represents a proposed initial situation
to assess. Here, five scenarios are applied by activating a set of specific obstacles in each run. Indeed, scenarios
describe events and situations that are likely to happen in practice. Thus, we wanted to quantify, in relative terms,
the joint level of influence of obstacles in each category on the project outcome. For instance, the first scenario is
related to the condition in which only organizational obstacles contribute to the model, while other obstacles are
deactivated. Likewise, scenarios 2 to 4 are respectively related to environmental, human and technological sources
of obstacles. Any other desired set of obstacles can also be activated to help further interpretations. Finally, scenario
5 runs using the case data (through expert #1 and expert #7). Table 4 illustrates the initial condition of each scenario
with its value in the equilibrium point. Subsequently, the initial state of each scenario are being updated, as shown
in the Equations 3 and 4, as an activation function until reaching such a steady-state point, in which there are no
further accessible updates. It means that the new calculated vector at a step such as k has either no or negligible
difference with its previous vector (k-1).

According to Table 4, it seems that except obstacles A1, A5, A7, A8, and A23, the other obstacles in all 4 scenarios
have a relatively close effect in the real case. To start, in scenarios related to human factors that are from A15 to
A19 and technical factors that are from A20 to A23, two obstacles A18 (No guarantee for smaller projects to use
BIM) and A15 (Lack of compatible data standards and formats/ incompatibility with common standards in this
study) had the most influence on the architectural design phase. The use of BIM in projects requires using a
standard approach and developing the requirements and frameworks based on it. The existing experiences show
that one of the most important reasons for unsuccessful implementation of BIM is lack of the required standards
and formats. Localization and development of the required frameworks and standards for BIM at the national,
organizational, and project levels requires the presence of experienced experts in the field of science and
implementation (Babatunde et al., 2020). Developing a database for building materials, products, and systems with
related technical specifications as a basic BIM database, creating a library of objects for building elements and
components with participation of manufacturers compatible with specialized rules and standards and connected to
the database, developing relevant software and plug-ins are among the requirements that should be considered in
the development of standards, and should be considered as the basis for architectural design to increase
constructability (Jadidoleslami & Saghatforoush, 2018; Jadidoleslami et al., 2018; Saghatforoush et al., 2023;
Samimpey & Saghatforoush, 2024). Regarding the lack of guarantees for the use of BIM in smaller projects, many
individuals doubt the benefits and value of using BIM (Farouk et al., 2023; M. Hosseini, Namzadi, Rameezdeen,
Banihashemi, & Chileshe, 2016). Some BIM processes are not yet defined, partly because it is a new approach
and partly because the efforts depend on all the stakeholders' work with each other. To achieve the maximum
potential of the team, all project stakeholders should discuss the required building data and its effect on the project
life cycle; but this may not always be possible in smaller projects. In other words, BIM implementation on a small
scale has been stopped due to lack of experts, time and cost for training BIM. However, it can be said that in
smaller projects, there is no room for maneuvering because of less budget; but making mistakes in the architectural
design phase is more evident in larger projects.

In scenario 1, the obstacles intensify negative impact on all three factors of time, cost, and quality. Its most
significant impact on time (0.58) is evident. Meanwhile, in scenario 1, the organizational issues are more
influenced by E4 (Lack of teamwork mentality) and E6 (Reduced productivity). BIM is a useful tool for project
managers to control the project and increase its productivity and decrease its wastes by displaying a 3D image of
project designs, controlling their interferences, and providing an implementation view of the schedule as well as
an accurate estimation of project costs (Siddiqui et al., 2019). The criteria of optimal productivity is usually known
as indicator of return on investment in using BIM, and is one of the criteria related to the delivery process. Stability
and even lower productivity rates over the last few decades (even in developed countries) are a consequence of
this backwardness in the construction industry. In fact, BIM is a step toward more automation ideas in this industry
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(Balaguer & Abderrahim, 2008; Cassandro, Mirarchi, Gholamzadehmir, & Pavan, 2024). Lack of this approach in
projects will reduce the expected productivity and output.

In scenario 2 that is about environmental factors, the most negative effects are observed in relation to time (0.63).
While environmental issues will be influenced by E6 (Reduced productivity) less than others, in other cases the
similar and close effects are observed. In scenarios 3 and 4 related to human and technical issues, the negative
effects regarding costs are more evident than in other cases. However, it is interesting that these two scenarios are
not influenced by most of the existing Es. In both scenarios, the most impact is related to the effects of E4 (Lack
of teamwork mentality). However, in scenario 3, E6 (Reduced productivity) is equally effective.

In scenario 5, which is related to case studies, this study is influenced mainly by E4 (Lack of teamwork mentality).
Moreover, the obstacles intensified the negative effects on all three areas of time, cost, and quality. Its greatest
effect is on cost (0.65). However, in terms of time, these negative effects are observable with little difference.
Perhaps the reason for this issue is the necessity of institutionalization of teamwork and teamwork mentality in the
BIM approach, the lack of which has direct and indirect negative effects on increasing cost and time of project
completion. Lack of collaboration between different working groups will lead to poor transfer of information
between different phases of the project and duplications and increased changes; and this is inevitable. Lack of
mutual trust between key project stakeholders in management and financial issues and lack of proper definition of
teamwork culture among key project stakeholders reduces the spirit of teamwork in the architectural design phase
(Pishdad-Bozorgi, 2017).

Overall, one of the interesting findings is the most negative effect of E4 (Lack of teamwork mentality) in all
scenarios. The BIM process is pervasive, and its implementation in large-scale projects is a very difficult task. It
shows its real value in integrating and connecting the activities. Therefore, working as a team on a project from
the same architectural design phase to accelerate the work is very important. Even defining BIM as a culture for a
team’s success is one of the most important steps of BIM implementation in an organization, company, project, or
a design or implementation team. It is vital to develop a collective thinking mentality for the project team that
believes in BIM as an organizational and work culture, and takes advantage of it (Alankarage, Chileshe,
Samaraweera, Rameezdeen, & Edwards, 2024; Oteng et al., 2018). The more this culture expands, the more
successful the results of BIM will be.

5. CONCLUSION

The aim of this study was to identify the consequences of obstacles on BIM application in the architectural design
phase and evaluate the effect of these obstacles on each other and on three factors of time, cost, and quality. In this
research, through a case study and focus on the obstacles for BIM implementation, the factors affecting time, cost,
and quality are modeled. The FCM approach is used to evaluate and develop this model. According to the obtained
results, skill, environmental, technological, and organizational factors were more effective than other factors. This
indicates the need for studying and reviewing the current processes for BIM implementation in the architectural
design phase. Examining the scenarios presented in the analysis section, it can be concluded that factors ‘No
guarantee for smaller projects to use BIM’ and ‘Lack of compatible data standards and formats with common
standards’ had the most influence compared to other.

Both these factors were in the category of human factors. So perhaps by focusing more on human factors that
emphasize team building and promoting culture for teamwork, the occurrence of these obstacles in projects can be
prevented. Moreover, skill, environmental, technological, and organizational factors have been influenced mostly
by ’Lack of teamwork mentality’. On the other hand, the results show that the effects on time, cost, and quality in
environmental factors are more than other factors. The willingness of individuals to teamwork in the project
increases by decreasing self-centeredness, increasing social tolerance, increasing the legitimacy of people,
increasing trust between stakeholders, and decreasing secrecy.

All these factors depend on the growth and promotion of culture and change of the traditional views. Therefore,
by focusing on resolving these cultural obstacles rooted in traditional thinking and resistance to change and training
and building trust, the ground to reduce these obstacles is prepared.

It is highly recommended that future studies analyze solutions to resolve these obstacles by collecting experts'
suggestions in cases where the use of BIM in the design phase was accompanied by fewer construction problems.
Rooting and analyzing each of the factors emphasized in this research project can help resolve these obstacles.
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THE LIST OF BIM MODELS

Measure/ Source

APPENDIX A

Moy
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Team mentality and resistance to change
among members of the organization/
transfer of information between project
workgroups

The cost of BIM training to employees

responsibility of individuals in entering
cultural resistance in the company

Lack of transparency of the role and
information

Misconception of the adequacy of
traditional standards and methods
Poor collaboration between project
practitioners/two-way interaction and

Set-up costs
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3
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Collection and integration of information
due to the difficulty of access to the
executives

Lack of awareness and support of senior
management /lack of acceptance of BIM
by senior management

Consultant's unwillingness to use BIM

10

Cost of employing BIM specialists and
additional staff

11

The existence of other competitive
methods

12

Distrust and fear of BIM technology and
its unknowns

13

Lack of access to as built drawings

14

The possibility of increasing risks (for
example, legal cases)

15

Lack of compatible data standards and
formats/ incompatibility with common
standards of this industry

16

Lack of maturity/non-applicability of
BIM tools

17

Poor data management

18

No guarantee for smaller projects to use
BIM

19

Lack of a proper IT infrastructure

20

Lack of proper understanding of BIM

21

Lack of sufficient time to learn the
software

22

Weakness in education

23

Insufficient experience in using BIM /
lack of technical expertise
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APPENDIX B: THE INTERRELATIONSHIPS AMONG CONSTRUCTABILITY OBSTACLES (INITIAL DATA)

Al A2 A3 A4 AS A6 A7 A8 A9 A10 | A1 Al12 | A13 | Al4 | A15 | Al6 | A17 | A18 | A19 | A20 | A21 | A22 | A23

Al 0.4 0.4 0.1 0.1 1 0.5 0.5 0.2
A2 0.5 0.2

A3 0.2 0.2

A4 0.1

AS 0.2

A6 0.2 0.2 0.2

A7 0.2

A8 1 0.2 0.2 0.2 0.2

A9

A10 0.2

All 0.2 0.2 0.6

Al12 0.2 0.2 0.2

Al13 | 0.2

Al4 0.2 0.4

AlS 0.1

Al6 0.2 1

A17

Al8 0.1

A19 1 0.2

A20 0.2

A21 0.2

A22 1 0.5 0.2

A23 0.2 0.5
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THE LINK FROM OBSTACLES’ CONSEQUENCES (EI) TO PROJECT

FAILURE MODES (FI) (INITIAL DATA)

APPENDIX C

E10

E9

E8

E7

E6

ES

E4

E3

E2

El

0.1

0.2

Al

0.2

0.2

0.2

A2

0.2

0.2

0.1

A3

0.2

A4

0.2

A5

0.4

0.2

A6

0.2

A7

A8

0.2

0.2

0.2

0.4

A9

0.2

0.2

Al10

0.2

0.2

All

0.2

0.2

Al2

0.2

0.2

0.2

0.2

Al13

0.2

Al4

0.2

AlS

0.2

0.2

0.2

Al6

0.2

0.2

Al17

Al8

0.2

A19

0.2

A20

0.2

A21

0.1

0.4

A22

0.2

A23
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APPENDIX D: THE LINK FROM OBSTACLES’ CONSEQUENCES (EI) TO PROJECT
FAILURE MODES (FI) (INITIAL DATA)

Time Cost Quality
El 0.5 0 0.2
E2 0 0.2 0
E3 0 0.1 0
E4 0.1 0 0
E5 0.1 0 0.1
E6 0 0.2 0.1
E7 0 0 0.2
E8 0.1 0 0
E9 0 1 0.1
E10 0.4 0 0.1
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