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Abstract

Purpose — This study aims to investigate the complexity factors associated with BIM-enabled projects. BIM has
been widely promoted as a potential solution to numerous challenges that hinder productivity in construction
projects, owing to its numerous advantages. Nevertheless, it is crucial to acknowledge the heightened complexity
it introduces to project workflows, stakeholder coordination and information management.
Design/methodology/approach — This study employs the Delphi method to identify and extract
complexity factors specific to BIM-enabled projects. A panel of industry and academic experts is engaged to
discern and prioritise these factors based on their expertise and knowledge.

Findings — The study reveals a comprehensive list of 34 complexity factors that significantly impact BIM-enabled
projects. Among the most influential factors are laws and regulations, variety of procurement methods, technical
capabilities of teams, project manager competence, information transfer capacity, range of project deliverables and
diversity of project locations. The findings highlight the importance of these factors and emphasise the need for
proactive and adaptive management to navigate their impact and achieve positive project outcomes.
Originality/value — This study introduces the DEBACCS framework, a metric-based model designed to
understand and evaluate complexity within BIM-enabled projects. DEBACCS stands for seven key dimensions:
diversity, emergence, belonging, autonomy, connectivity, context and size. These dimensions represent essential
aspects for gauging project complexity. By applying the concept of complexity from project management to BIM,
the study offers valuable insights for practitioners and researchers. It provides a unique perspective on the
challenges and considerations associated with implementing and managing BIM in construction projects. The
findings have practical value for practitioners, enabling them to better understand and address the implications of
complexity in BIM-enabled projects, ultimately leading to improved project outcomes.

Keywords Information management, Complexity, Digital construction, Virtual design and construction,
Delphi, Construction management
Paper type Research paper

1. Introduction
Building Information Modelling (BIM) is a relatively new disruptive innovation for the
construction industry (Chen ef al., 2023). The pervasiveness of BIM adoption is, however,
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unprecedented. The global BIM market is projected to grow to US$23 billion by 2027, with
a compound annual growth rate (CAGR) of 18.0% during the forecast period 2019-2027
(Asif et al, 2024). BIM introduces changes in working practices within and across
organisations (Zomer et al., 2021), changes that may be difficult and painful to sustain in a
low-tech, low-skilled domain like the construction industry (Papadonikolaki, 2018). One
such change is shifting from traditional collocated teams to BIM-based Construction
Networks (BbCNs), on which BIM-enabled projects heavily rely. In fact, BbCNs are the
central delivery unit of BIM-enabled projects (Oraee et al., 2017). These are teams
comprising members from specialist organisations contracted to execute BIM-related
works (Mani et al., 2022). However, maintaining effective teamwork among BbCN
members, often geographically separated, coming from multiple disciplines and
organisations in BbCNs, remains a problematic aspect of BIM-enabled projects
(Merschbrock et al., 2018; Mignone et al., 2016). Investigating the factors that affect the
effectiveness of teams working on BIM-enabled projects has, therefore, become very
relevant (Hosseini ef al., 2018). One prominent factor, research shows, is project complexity
(Abd Jamil and Fathi, 2020; Jiang et al., 2021; Merschbrock and Munkvold, 2014).

Project complexity is a determinant of project team arrangements and the type of
technology to be used (Martins and Schilpzand, 2011). The paramount importance of
complexity is similarly proven in construction projects (Bakhshi, 2016; Luo ef al., 2017a, b).
Complexity serves as a critical reference for decision-makers — project managers — in
construction projects (Lu ef al., 2015; Luo et al., 2017a, b), with Senescu et al. (2013, p. 184),
emphasising that “managing project complexity is a critical factor affecting project success”.

The evidence for the prominence of project complexity on BIM-enabled projects is well
documented. According to Merschbrock and Munkvold (2014, p. 20), “the perceived business
value of BIM depends on project complexity”. Complexity influences the resources, skills and
competencies required for implementing BIM (Akintola et al., 2017; Succar et al., 2013) and
defines associated risks (Jin et al, 2017). The adoption of BIM introduces various
complexities, including technical, cultural, social, organisational, and political aspects
(Eftekhari et al., 2022; Liao et al., 2022). BIM is a new process to the traditional work model,
and a proper adoption of it would require high technical capabilities from the main
participants of the industry (Dossick and Neff, 2010; Elghaish et al., 2022).

Moreover, the emergence of new project delivery methods like Integrated Project Delivery
(IPD) and its variants (IPD-ish and IPD-lite) adds to the complexity of BIM adoption (Mesa
et al., 2016). IPD is a collaborative project delivery method that integrates people, systems,
business structures, and practices into a cohesive process, harnessing the talents and
insights of all participants to reduce waste and optimise efficiency throughout all phases of
design, fabrication, and construction (Fischer et al., 2017). IPD-ish and IPD-lite are less formal
adaptations of IPD principles, designed to be more flexible and easier to implement. These
methods introduce new rules and relationships among stakeholders, increasing the
complexities associated with BIM-enabled projects (He et al., 2017).

Additionally, the readiness and practice of the organisations may also be totally different
in executing different projects (Liao et al., 2020). Last but not least, countries and even state
governments adoption of BIM for publicly funded projects are completely different as some
mandate the adoption of BIM (McAuley et al., 2017) while others adopt a wait-and-see
attitude (Juan ef al., 2017) or see BIM adoption as an extra effort (Liao et al., 2017).

Given the above observations, the importance of measuring complexity, both objectively
and subjectively, has been increasingly recognised. Consequently, researchers have pursued
developing methods to measure the complexity of construction projects (Ji et al, 2018).
Nevertheless, research on metrics for measuring complexity in construction projects remains
limited (Luo et al., 2017a, b). For BIM-enabled projects, the now-available knowledge on
measuring complexity is skeletal. Furthermore, current measurement methodologies are not



necessarily applicable to BIM-enabled projects. That is, project complexity is a concept,
largely relying on and affected by micro-influencing factors (Lu ef al., 2015). Thus, methods
for measuring complexity must be tailored to the specific variables at play in a particular
setting (Kiridena and Sense, 2016); factors that drive complexity vary across different types
of construction projects (Lu et al., 2015; Luo et al., 2017a, b).

This study is an attempt to address this gap in the BIM literature. In pursuit of this
objective, the study takes the lead in developing a comprehensive framework that enables the
measurement of complexity in BIM-enabled projects. By establishing this framework, the
study provides a valuable tool for researchers, practitioners, and project stakeholders to
assess and evaluate the intricacies associated with BIM implementation and its impact on
project outcomes. Findings provide a link between the theoretical aspects of BIM
implementation and project complexity within the domain of project management.
In practical terms, the tool benefits project managers and policymakers by enabling them
to measure the complexity of their projects and giving them a point of reference for designing
effective managerial policies for BIM-enabled projects informed by the concept of
complexity.

2. Contextual and literature background

Project complexity can be understood as an intricate arrangement of varied interrelated
parts, where these parts can change and evolve constantly, impacting project objectives
(Bakhshi et al., 2016). Vidal et al. (2011, p. 1101) referred to project complexity as “the
property of a project which makes it difficult to understand, foresee and keep under control
its overall behaviour, even when given reasonably complete information about the project
system.”. However, there is no consensus on the definition of complexity (Eftekhari
et al., 2022).

Floricel et al. (2016) highlight that project complexity influences the managerial capacity
to predict structural and dynamic complexity. Structural complexity arises from component
interactions producing unexpected effects that cannot be explained or deduced, while
dynamic complexity represents processes that generate unpredictable change in systems
(Daniel and Daniel, 2018). Complex systems science challenges traditional linear approaches,
advocating for the recognition of dynamic interactions and emergent behaviours that define
complex systems. Within this framework, two pivotal dimensions of complexity emerge:
objective and subjective (Efatmaneshnik and Ryan, 2016).

Objective complexity serves as a foundational metric, offering a quantitative measure of a
system’s minimal description size (Morin, 1992). Unlike subjective complexity, objective
complexity is independent of any observer’s perspective. However, its evaluation is
influenced by the domain, context, and specific objectives or goals associated with the
system (Burachik et al., 2023).

Conversely, subjective complexity introduces a nuanced perspective, emphasising the
observer’s role in complexity evaluation (Jackson, 2015). Subjective complexity quantifies a
system’s deviation from a selected reference of simplicity. This deviation is contextual and
dependent on the observer’'s choice of a reference model. Subjective complexity is
intrinsically linked to the notion that comprehending complexity necessitates a
foundational understanding of simplicity (Burachik et al, 2023). Each subjective
viewpoint is distinct, defined by a subjective simplicity that establishes a pattern known
as reference simplicity. The subjective complexity, a measure of the distance from this
reference simplicity, acquires significance relative to a given context, subject, and viewpoint.
It is important to note that unfamiliarity and lack of knowledge are not considered in this
aspect (Bakhshi, 2016). This study leverages experts’ opinions to address the subjective
complexity of BIM-enabled projects.
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Past research has provided frameworks for modelling and evaluating complexity in the
realm of project management context (Baccarini, 1996; Bakhshi ef al., 2016; Gorod ef al., 2021;
Vidal and Marle, 2008). This topic has also garnered significant attention among scholars in
the BIM literature. Efforts have been made to explore, for instance, the relationship between
complexity and BIM performance (Crowther and Ajayi, 2021; Jiang et al., 2021), the
challenges of BIM implementation (Koseoglu and Nurtan-Gunes, 2018; Vass and
Gustavsson, 2017), the interplay between project complexity and communication (Senescu
et al., 2013), BIM interoperability (Shirowzhan et al., 2020), BIM adoption (Charlton et al.,
2020; Doumbouya et al., 2016), and the evaluation of complexity (Liao et al., 2022; Naveed and
Khan, 2022). While these contributions are noteworthy, there remains a gap in the literature
regarding a framework for assessing BIM-enabled project complexities. This paper aims to
address this gap by proposing a metric-based framework to understand and assess the
complexity of BIM-enabled projects.

Project complexity can be assessed using predefined scales (see Figure 1). Boardman and
Sauser (2006) proposed a framework extended by Bakhshi (2016), who introduced seven
complexity drivers: diversity, emergence, belonging, autonomy, context, connectivity, and
size. This framework, referred to as DEBACCS, provides a solid foundation for measuring
the level of complexity in projects and serves as the theoretical underpinning for this
research, as described below.

(1) Diversity: Diversity has its common definition of requisite variety, that is, differentiation
parsimony that creates system heterogeneity (Sauser ef al, 2009) and enables it to
produce responses, adapt and co-evolve in a changing environment. Diversity creates
necessary heterogeneity that often leads to the emergence of innovations in the course of
a project; however, it requires additional effort and resources to manage; for example, it
significantly increases coordination costs (Page, 2010). BIM-enabled projects may
involve a diverse range of stakeholders and specialised software tools (Akintola et al.,
2020; Zomer et al., 2021). The integration of these various tools and stakeholder
knowledge can be associated with project complexity (Sacks et al., 2010). However, it can
also provide opportunities for innovation and problem-solving when managed
effectively (Kensek and Noble, 2014; Succar, 2009).

(2) Emergence: The appearance of new properties and behaviours in the course of
development or evolution is considered emergent (Ireland et al., 2015). Project
emergence is the result of the inability of the management systems to produce a good
model of the production systems, as the production sub-systems themselves and their
interactions change and evolve over time (Daniel and Daniel, 2018). As a result of this,
unexpected project outputs and outcomes emerge, such as innovations, changes in
scope, stakeholders and so on (Mani et al., 2022; Papadonikolaki and Wamelink, 2017).

(3) Belonging: Belonging is the ability to accept and contribute goal-directed actions with
respect to another entity. In the complex project context, constituent teams,
departments, sub-contractors and partners choose to belong to the project not only on
a cost-benefit basis but also in order to cause greater fulfilment of their own purposes,
often because they believe in the project supra purpose and willing to contribute.
In other words, “This choice is based on [the system’s] own needs/beliefs and/or
fulfilment” (Gorod et al, 2008, p. 23). The sense of belonging among project
stakeholders can be enhanced by fostering a collaborative and transparent work
environment. BIM platforms can support this by providing a common digital
workspace for sharing project information and enabling real-time collaboration
(Chuang and Yang, 2023; Succar and Kassem, 2015). This can encourage stakeholders
to actively participate and contribute to the project’s success.
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Figure 1.
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characteristics

(4) Autonomy: Autonomy is exercised by constituent departments, teams or partners in
order to fulfil the purpose of the project; the ability to make independent choices.
In the context of project management, autonomy is exercised by constituent
departments, teams, or partners to accomplish the purpose of the project. This often
raises the question of who is responsible for project requirements development,
feedback and corrective actions when a project exhibits emergent behaviour
(Monarch and Wessel, 2005). In BIM-enabled projects, the degree of autonomy among
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different teams or partners may be affected by the level of standardisation and the
adoption of common protocols and processes (Davies et al., 2017; Schimanski et al.,
2021). A higher degree of standardisation and adoption of shared BIM standards and
protocols can facilitate more effective decision-making and reduce the potential for
conflicts and misunderstandings among project stakeholders (Patacas et al., 2020;
Sacks et al., 2016).

(5) Context: The context of a project is related to the nature, scope, and environment of
the organisation, where the needs and expectations of the project are met (Cicmil,
1997; Snowden and Boone, 2007). Project complexity is often associated with high
uncertainty and changes in the socioeconomic and political environments (Chapman,
2016), as well as politics associated with funding, managing and governing complex
project relations (Pitsis ef al., 2018). In the context of BIM-enabled projects, the degree
of complexity may be influenced by the level of BIM adoption and the maturity of BIM
technologies in the organisation (Chen et al., 2023; Succar, 2009). Different levels of
BIM maturity may impact the way organisations handle the complexity arising from
the project environment and stakeholder expectations (Elghaish et al., 2023; He et al.,
2017).

(6) Comnectivity: Connectivity is defined as the capacity to form connections that benefit
the entire system (Baldwin et al, 2015). In the context of complex projects,
connectivity is reflected in the formal and informal communication infrastructure
established among project constituents. For instance, in large-scale complex projects,
the ability of departments, groups, sub-contractors, and project partners to form links
among each other can be described as connectivity. In such cases, centralised or
decentralised governance models based on well-established rules and communication
protocols are critical (Ireland and Statsenko, 2020; Rahimian et al., 2022).

BIM technologies can enhance connectivity among project stakeholders by improving
information sharing, communication, and collaboration (Azhar, 2011; Oraee et al., 2017). BIM
platforms provide a centralised digital environment for storing and exchanging project
information, reducing the likelihood of miscommunication and promoting collaboration
among different teams (Ali et al., 2020; Preidel ef al., 2018). In other words, in BIM projects,
connectivity can refer to the extent to which project stakeholders can effectively collaborate
and communicate using BIM technologies and the level of integration between BIM tools and
other project management systems (Peterson et al., 2011; Rahimian et al., 2022; Travaglini
et al., 2014).

(7) Size: The size and scope of a project is one of the significant factors contributing to its
complexity (Bakhshi et al., 2015). Large projects are often defined as megaprojects
that involve multiple stakeholders, exerting a notable impact on communities, and are
characterised by significant structural, political, technological and economic
complexity and extended execution timeframe that make them hard to manage
using conventional practices (Flyvhjerg, 2014). The size and scope of BIM-enabled
projects may impact the complexity of managing and coordinating the different BIM-
related tasks and processes (Akintola ef al., 2017, 2020). Larger projects may require
more advanced BIM technologies and higher levels of collaboration among the
numerous stakeholders involved (Akintola et al., 2020). The extent of BIM adoption
across the various disciplines and stakeholders can also contribute to the complexity
of managing BIM-enabled projects (Arayici ef al., 2011; Mani et al., 2022).

As discussed, a thorough review of the existing literature reveals a notable gap in
understanding the concept of complexity, specifically in BIM-enabled projects. While



previous research has explored complexity in construction projects, there is a clear dearth of
knowledge and a lack of an established index to effectively measure and navigate complexity
in the context of BIM-enabled projects. This gap underscores the motivation for the present
study, which aims to bridge this critical deficiency by developing a comprehensive metric-
based framework. The following methodology section outlines the systematic approach
adopted to achieve this objective, detailing the processes of expert panel selection, data
collection, analysis, and complexity factor extraction.

3. Research design and method

3.1 Research design

The Delphi method was adopted to achieve a consensus among experts on the complexity
factors associated with BIM-enabled projects. That was because, according to Dalkey et al.
(1969), this method provides the grounds for eliciting and refining group judgements. The
method is specifically designed to gather and preserve experts’ opinions (Yang, 2003). In this
method, an expert panel must be defined to obtain the best information available on the topic
(Filyushkina et al., 2018). The key steps in this study are illustrated in Figure 2.

3.2 Expert panel selection

According to Duan ef al. (2010), the involvement of qualified experts with a deep
understanding of the issues under research is critical. The panel of 12 experts selected for this
study were all BIM professionals and academics from Australia with at least two ‘years of
first-hand experience in implementing BIM and navigating the changes that follow adopting
BIM in projects. According to Vogel et al. (2019), in Delphi practices, the number of
respondents in this research is generally sufficient to enable consensus to be achieved.
The details concerning the selected panel members are tabulated in Table 1.

3.3 Rounds and iterations

The Delphi method procedures were conducted following the guidelines established by Geist
(2010). A total of three rounds were run with the panel, where the participants were
introduced to the project complexity framework to provide a basis for identifying BIM-

1. Full complexity factors is sent out to the participants
1. Discussion of final complexity factors based on 1SO 19650:2018

2. Provisional analysis of answers and refinement of the complexity list

2. Analysis of complexity factors from all rounds and finalising the framework

Second
round

Literature
review

1. Development of project complexity i . 1. Refinement of complexity list is sent back to the participants

2. Identification of project complexity factors reported from different publications 2. Analysing and refinement of the complexity list

Source(s): Authors’ own work
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Table 1.
Profile of the selected
experts

1st round 2nd round 3rd round
Number % of Number % of Number % of
(n=12) participants n="7 participants (n=4) participants
Job title
BIM 1 8 1 14 1 25
coordinator
Project 4 33 2 28 1 25
manager
BIM 3 25 1 14 -
designer
Academic 4 33 3 42 2 50
Years of experience
>10 7 58 4 58 2 50
4-9 4 33 2 28 2 50
<3 1 8 1 14
Gender
Female 3 25 1 14 1 25
Male 9 75 6 86 3 75

Source(s): Authors own work

enabled project complexity factors. The following steps explain the Delphi method
procedures.

Step 1. The complexity factors extracted from the study by Bakhshi (2016, 2023) forming
the primary and distinctive framework of project complexity factors. Next, almost 130
project complexity factors were identified and classified within the seven meta-
complexity metrics (see Appendix 1). This classification was achieved by reviewing over
420 relevant articles from project management literature.

Step 2. Round one took place in a synchronous online meeting format due to COVID-19
restrictions and began with:

(1) A short introductory workshop for the grouped experts where the basic concept of
project complexity factors and factors associated with complex projects are
explained.

(2) A one-hour focus discussion with participants was aimed at identifying those
complexity factors that have no relationship to BIM-enabled projects.

(3) A refined list of complexity factors was then distributed to participants for further
assessment and rating.

Following this, a complexity factors list was prepared for round 2 based on the expert

opi
the

nions and responses and a provisional analysis of answers and refinement. At this stage,
count of factors relevant to BIM was reduced to 68.

Step 3. Round two was held synchronously online as well and began with the second
meeting of the group, where experts shared their experiences and knowledge regarding
complexity factor ratings and provided recommendations. In the view of the panel, the
complexity factors list had to be further shortened to better contribute to the practical
needs of academics and industry professionals. The list was returned to the expert panel
to develop consensus among panel members, and in the final analysis, the experts agreed
on 43 complexity factors.



Step 4. The final refinement and adjustment occurred in round three (again synchronous
online), where the complexity factors were aligned to comply with specifications for
information management regarding BIM-enabled projects according to ISO 19650 series,
2018. As a result of this process, the identified 43 project complexity factors were merged
and collapsed into a final 34 factors. This list provided the basis for further expert
consideration as to which were directly relevant to impacting the complexity of BIM-
enabled projects. This finalised list of 34 factors was then returned to panel members who
had partaken in round 2. They were tasked with evaluating the list to assess which factors
did indeed impact BIM-enabled project complexity. Four participants were involved in
this final stage, and the outcomes of their deliberations are tabulated in Figure 3.
Additionally, the details of the final round statistics are provided in Appendix 2.

3.4 Ensuring the reliability and validity of the Delphi method

Although the reliability and validity of qualitative research can pose significant challenges,
we took the necessary steps to ensure our research findings are robust and credible (Noble
and Smith, 2015). As proposed by Aghimien et al. (2020) and Landeta (2006), we implemented
the following measures: (1) all experts were selected based on their high degree of motivation
to ensure their maximum effective contribution. (2) ensured all panel experts were
thoroughly familiar with the Delphi process and the basic concept of complexity science. (3) a
detailed and well-explained instruction was provided to the panel members about the process
and how consensus would be achieved. (4) an induction session was conducted to highlight
fundamental concepts and emphasise the importance of member participation. (5) while a
pilot application was conducted to improve the precision and comprehension of the
questionnaire, all experts were encouraged to provide comments and feedback on every
question if needed. By taking these steps into account, we ensured that the research findings
are representative of the collective opinions in the field.

4. From data to findings

Seven participants were involved in this final stage, and the outcomes of their deliberations
are tabulated in Figure 3. The primary objective of this iterative process was to facilitate
consensus-building among the experts and ascertain the level of agreement. To achieve this,
participants were asked to provide their opinions on the extent to which selected complexity
factors may impact the performance of BIM-enabled projects using a 5-point Likert scale.
The scale included options such as “strongly agree,” “agree,” “neutral,” “disagree,” and
“strongly disagree.” Subsequently, the level of consensus was calculated based on their
responses. Thirty-four factors stand out, and a summary of these is discussed here under the
seven complexity meta-factors. See Figure 3 and Table 2.

4.1 Project context

Project context refers to the circumstances under which projects are delivered, ranging from
issues such as local characteristics, regulation jurisdictions, contract specifications and the
like. See Table 2.

Eight contextual items were identified as impacting the complexity of BIM-enabled
projects, two of which all experts agreed are critical, scoring 100%. These are: (1) local laws
and regulations, which have the capacity to interfere with or ease the circumstances under
which projects are delivered, and (2) the institutional structure of the company delivering the
project (whether centralised and hierarchical or decentralised and agile) can present barriers
and bureaucratic hurdles raising project complexity. The other six factors were: (1) the
importance of the project (and therefore exposure of the project) to external interest groups
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Local Laws
Institutional Config
Public Agenda
Previous Experience
Unusual Design
Flexibility in BEP
Commercial Changes
Repetition of Projects

1. Context

BIM Model Interdependence

Objective Interdependence

0

Team Capability
PM Competencies
Specific Standards
LOD in EIR

Tech Changes in BEP

20 40 60 80 100
Consensus (%)

3. Belonging

0

Multiple Locations
Procurement Methods
Task Diversity

BIM Maturity

Data Formats Diversity
Geographic Location
Cultural Diversity
Team Skills

20 40 60 80 100
Consensus (%)

5. Diversity

Project Duration
Handover Deliverables
Number of Task Teams

Number of Companies

20 40 60 80 100
Consensus (%)

7. Size

CAPEX Size
Flgure 3. Number of Stakeholders
Complexity factors of 0
BIM-enabled projects

with expert consensus
levels, aligned with
IS0 19650 series (2018)

20 40 60 80 100
Consensus (%)

Tech Vendor Dependencies

2. Autonomy

Management Levels

40 60
Consensus (%)

80 100

4. Connectivity

Info Transfer in CDE

20 40 60 80 100
Consensus (%)

=]

6. Emergence

Info Uncertainty

Undefined BEP

40 60 80 100
Consensus (%)

Note(s): Bim Execution Plan (BEP), Employer Information Requirements (EIR), Level of
development (LOD), Common Data Environment (CDE), Capital expenditures (CapEx)

Source(s): Authors’ own work

(85%); (2) the extent of previous experience of critical employees in the type of work
undertaken (85%); (3) the complexity and uniqueness of the "project’s design (85%); (4) and
related to design, the flexibility inherent in the design to accommodate change as the project
progresses (85%); (5) the degree to which the components (and other factor inputs) were
vulnerable to change, short supply or discontinuity (71%); and finally, (6) and somewhat



Dimension Complexity factor Description
Context Commercial changes in the BEP during the project Depending on the contract type, at different stages of a project, the supplier/main contractor would engage
(new partners, team, process, etc.) new parties such as new sub-contractors, consultants, etc. These changes require adjustment of the BEP to
Degree of flexibility in BEP (in scope, process, define new roles and processes
organisation . . .) Construction projects can be subject to change in scope, organisation, and process due to financial interests,
Unusual type of design technical challenges, etc. This requires consideration of flexibility in the initial BEP.
Institutional configuration Institutional configuration for BIM implementation in projects varies from a country to another depending
Repetition of similar type of projects on regulations, standards, and guidelines
Previous experience with parties involved Unusual designs often require complex structures and construction process, and this requires advanced
Significance on public agenda skills and software platforms
Local laws and regulations In nature, construction projects unlike manufacturing works are less likely to be repetitive
Having previous experience with the parties involved smoothens the communication of project information
in BIM space and reduces the time for alignment
BIM enables better awareness of public in projects by presenting virtual status of projects
Local and national laws can be challenging as some countries like the UK has mandatory and detailed
regulations for implementation of BIM in the projects while others have provided guidelines for such a
practice
Autonomy Levels of management are involved in project decision- Execution of BEP can be managed by a BIM manager or require having managers for separate teams
making Depending on the contract type, the involved stakeholders may have varying interests such as cost, time,
Interdependence of objectives/interests among and quality
stakeholders Depending on the scope of BEP, BIM-enabled projects massively depend on technology vendors and their
Dependencies on technology vendors products for execution of projects from the scratch to operation phases
Interdependence between BIM models BIM models are interdependent and a change to one model (e.g. architectural design model) will be applied
to the others (structural design model) and requires a fine coordination between the teams to apply required
adjustments
Belonging Technological changes in the BEP during the project Most BIM software undergo simple to major changes in their new versions every year. This might have a
Level of development (LOD) in EIR significant impact on projects with extensive timeline. Also, change of software requirement by the
Specific requirements/standards stakeholders can cause a major issue due to data interoperability problem among software products
Project Manager competencies The LOD requested by employers impact the cost, process, and implementation of BEP. For instance, LOD
Technical capability of the teams 500 requires more detailed design and construction compared to LOD 300
Employers may ask in the EIR for specific requirements for the operation phase of the projects or ask to
satisfy BIM standards of another country when there is no local regulation or guideline
Project manager competency in operating BIM models can have a great impact in better coordinating and
execution of BEP.
Since the teams are developing and executing BIM models, their technical Capacity is essential
(continued)
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Dimension

Complexity factor

Description

Connectivity

Diversity

Emergence

Size

Capacity of transferring information in the Common
Data Environment (CDE)

Organisational skills of the team members (e.g.
communication and time management)
Geographic location of the stakeholders (and their
mutual disaffection)

BIM maturity level in BEP

Diversity of tasks in BEP

Variety of culture and language in teams
Variety of procurement methods

Variety of data formats in Employer Information
Requirements (EIR)

Multiple project locations

Unknown /poorly defined BEP
Information uncertainty

Number of stakeholders in the BIM Execution Plan
(BEP)

Number of companies/projects sharing their resources
Number of task teams in the BEP to be coordinated
Number of handover deliverables in the BEP
Largeness of CAPEX (Capital expenditures)

Duration of the project

The CDE can host small to large volume of data and it becomes a major challenge when transferring larger
volumes from one server to another or uploading to/downloading from a cloud server in absence of high-
speed internet connection

BIM facilitates communication of the team members as they can communicate technical issues through
models stored in CDE. However, this require proper skills and trainings among team members
BIM-enabled projects facilitate engagement different stakeholders of the projects regardless of their
geographic locations. However, this require timely updating of the project progress in the BIM models
Complexity of the activities increases in higher levels of BIM maturity. For instance, BIM maturity level 1
includes 3D CAD for concept work and 2D drawings of for documentation and construction while maturity
Level 2 requires collaborative working by having in place an information exchange system and process
Depending on project size, number of involved teams and their size, BIM maturity level, etc. diversity of the
tasks would vary

Diversity of written language used for communication among teams can impact efficiency of the teams as
all communications are stored in a digital model

BIM-enabled projects can have similar variety of the traditional construction procurement methods such as
traditional lump sum contracts, design and construct contractsetc.

The BIM file types are mainly associated with software developer. EIR requiring data formats of varying
vendors can lead to extensive work in exporting data and detection of errors in transferring data

BIM is currently being used in large construction projects and it is likely to involve multiple locations
Poor BEP developed lead to delays in delivery of projects, redundancies, rework, or gaps in the flow of
information

Uncertainty in design information would lead to a large number of requests for information (RFI) by the
constructors and accordingly delay in projects

BEP can include a range of design team members to contractor team and facility manager

Companies involved in BIM enabled project are usually medium to large size companies that
simultaneously use their resources in multiple projects

Task teams are any teams assigned to complete different types of tasks such as architectural design,
structural design, etc. and depending on the client and project specific requirement, new task teams might
be required

Handover deliverables in BEP can be EIR, CDE, BIM model of project (in the LOD requirement of the client),
etc.

BIM enabled projects are medium to large size in terms of capital expenditure

One of the advantages of using BIM in the projects is to reduce the project duration which at the same time
demands an accurate level of scheduling and planning

Note(s): Bim Execution Plan (BEP), and Employer Information Requirements (EIR)
Source(s): Authors own work




related to previous experience, the degree to which the current project mimics or repeats
earlier similar projects. See Figure 3.

4.2 Diversity

Diversity refers to the degree of difference experienced across the various contributing
factors involved in project delivery. These include items such as range of workforce skills,
variety of languages spoken, data formats, number of locations, etc. See Table 2.

There are also eight diversity-related complexity items that have the potential to impact
BIM-enabled projects. A full four of these were unanimously assessed as critical, scoring 100%.
First, an increase in the number of locations involved in the delivery of a project heightens
complexity. Similarly, the number of procurement sources also correlates with complexity
increase. Third, the range of tasks to be undertaken in BIM-enabled projects raises complexity.
Finally, the level of sophistication and integration in which the BIM software is embodied in the
project also exacerbates complexity. This last point is ironic and speaks directly to the ultimate
dilemma of BIM. While, on the one hand, BIM is used to streamline and better enable project
delivery, it is itself a factor that adds to project complexity. BIM contributes to the problem it is
solving, and it is again why an understanding of the specific factors impacting BIM-enabled
complexity is necessary as a prerequisite to offsetting BIM handicaps.

A further four factors were also identified by experts, though not unanimously. First, data
formats can exacerbate complexity, especially where a wide range is used (85%). Second, it is
related to geographical dispersion, but here in regard to stakeholders, where stakeholders
were not co-located, complexity is understood to increase (85%). Third, a wide range of
cultures and languages inherent to the project workers and managers adds to uncertainty,
misunderstanding, erosion of trust, and complexity (57%). Finally, related to culture are
interpersonal and organisational skills, the lack of which again inflates human resource
difficulties and complexity (57%). See Figure 3.

4.3 Size

Size refers simply to the measurable dimensions of the project. Items such as the number of
people involved, both as clients and contractors, duration of the project, number of
contractors and extent of deliverables. See Table 2.

Six factors related to project size are instrumental in adding to BIM-enabled project
complexity. Three of these are agreed by all experts to be critical, scoring 100%. As a
‘project’s duration increases, so directly too does the 'project’s complexity. Second, as the
number of project teams increases, so too does the complexity inherent in the interfacing
between BIM project teams. Similarly, complexity rises in proportion to the number of
discrete deliverables to be completed in relation to the overarching project package. A further
three factors were also identified by experts as contributing to complexity, but agreement as
to their impact was not unanimous. First, complexity can be expected to increase as the
number of companies party to the project (subcontractors and suppliers, etc.) increases
(85%). Similarly, complexity grows as the number of stakeholders and interest groups rises
(57%). Finally, as the CAPEX increases, so too does complexity (57%). See Figure 3.

4.4 Belonging

Belonging broadly refers to the alignment of the input factors to the project and their suitability
for executing the tasks at hand. Here, we refer to matters such as the competence of the project
leaders, the experience and know-how of the workers involved, as well as the suitability and
compatibility of technical interventions and machinery brought to bear. See Table 2.
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Five items contribute to the complexity of projects, falling under the rubric of belonging.
Two of these were unanimously assessed by experts as critical, scoring 100%. Where the
technical ability of teams falls short, complexity is compounded. Similarly, to the extent that
the project manager lacks the requisite expertise to oversee and coordinate and by extension
execute leadership effectively, so too will uncertainty, problems and complexity increase.

A further three factors are: (1) range of specific requirements to the project (85%); (2) level
of project development (85%); and (3) technical changes that occur along the way as the
project is delivered (57 %). As each of these factors increases, so too does BIM-enabled project
complexity. See Figure 3.

4.5 Autonomy

Autonomy refers to the degree to which all the resources — human, technical, and material —
can deliver their contributions without dependency, interference, or impact from those other
resources that are also engaged in project delivery. See Table 2.

Four factors related to the autonomy of project inputs add to project complexity. One only,
however, was unanimously assessed by experts as critical, scoring 100%. That element was
the degree to which the various BIM models used on a project were interdependent. Projects
where different BIM platforms are used inflame complexity to the extent they are required to
communicate with each other. As a corollary, different BIM platforms can be utilised
relatively effectively when operated independently; however, such practice dilutes the
potential effectiveness of the BIM-enabled project doctrine.

Technology has been variously identified as both mitigating or adding to project
complexity, depending on how it contributes. Where a project is dependent on the technology
provided by third-party vendors, such dependency can adversely affect project complexity
(85%). Similarly, where a project has many and varied objectives (as can be the case between
client and contractor in PPPs), this too amplifies project complexity (85%). Finally, an
increase in managerial levels (with consequent increased layers in decision-making and
approvals) also adds to complexity (71%). See Figure 3.

4.6 Emergence

Emergence refers to those elements affecting a project that remain undefined but which will
ultimately shape the project outcome. Designs may be incomplete, the scope undecided, or
technologies involved are still being developed. See Table 2.

Two factors related to emergence were assessed as contributing to BIM-enabled project
complexity, but neither was identified unanimously by all experts as critical. Information
uncertainty can delay or misdirect projects, adding to complexity (85%), while generally
poorly defined or changing project goals will similarly compound confusion, adding again to
complexity (57%). See Figure 3.

4.7 Connectivity

Connectivity is, in many ways, what BIM promises to provide, and this refers to the extent to
which all parties to a project have access to relevant, accurate and timely information. See
Table 2.

Only one item was identified as contributing to the complexity of BIM-enabled projects in
relation to connectivity. That factor was the Capacity of project information nodes (BIM
platforms) to effectively and accurately exchange relevant project intelligence. All experts,
however, unanimously agreed that this one factor critically impacted project complexity,
scoring 100%. See Figure 3.



5. Discussion

5.1 The framework

This study examined the factors contributing to the complexity of BIM-enabled construction
projects. The complexity assessment studies in BIM-enabled projects are just emerging (Liao
et al., 2022), and the current study is the first in its kind to unearth 34 index factors in seven
categories that are contributing to the complexity measurement of BIM-enabled construction
projects (Figure 4). All 34 factors resented in Figure 4 were agreed by more than 50% of the
experts following the approach taken by Duan et al. (2010).

The result of this study has some implications. Firstly, it is noticed that the BIM-enabled
projects require several context-wise complexity assessment factors as items specific to BIM
settings. BIM regulation and implementation plans vary from one country or state to another
(Charef et al., 2019). In addition, it is perceived from the results of this study that industry-
based institutions that are standardising the BIM adoption plans have selective approaches
rather than a universal approach. Having that said, the ISO 19650 standard is an
international standard for managing information over the whole life cycle of a built asset
using BIM. It contains all the same principles and high-level requirements as the UK BIM
Framework and is closely aligned with the UK 1192 standards. Regarding publicising project
progress to the relevant stakeholders, BIM has significant potential in presentation
compared to traditional approaches. While this is a major advantage, the publicising level
differs from one project to another, which can increase or reduce the complexity of BIM-
enabled projects. In addition, the flexibility of BEP is another major contributor to the
complexity of the projects. Depending on the availability of material, technology, expertise,
etc., the scope and design of the projects might face variation during the project execution
phase and having flexibility in the BEP considering such conditions would reduce the
complexities. Lastly, the organisational experience in delivering BIM-enabled projects
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allows for the smoother execution of the projects as the system components can optimise the
process over time.

Diversity aspects are also highly decisive in defining the complexity of the BIM-enabled
projects. In BIM-enabled construction projects, teams comprising diverse members from
specialist organisations require maintaining collaboration among members from diverse
disciplines, organisations, cultural backgrounds, and even geographical locations has
proved to be complex (Oraee et al., 2019). Also, the procurement method for the delivery of
projects that determines the allocation of risks and responsibilities can be diverse. Some
procurement methods, such as the alliancing approach or integrated project delivery (IPD),
have been shown to reduce the complexities in BIM-enabled projects (Holzer, 2015). The IPD
and alliancing approaches foster collaboration among all stakeholders from the project’s
inception, which helps in aligning goals, sharing risks, and responsibilities. This
collaborative environment can streamline decision-making processes, reduce conflicts, and
enhance the integration of BIM technologies, thereby mitigating complexities. Lastly, BIM’s
technical diversities include having different data formats in the same project and tasks
defined in BEP can be diverse. Previous studies argue that interoperability challenges with
software packages lead to additional tasks (Jeppesen et al., 2018) and since several vendors in
the BIM market satisfy the needs of diverse tasks, transferring data across software
packages becomes complex.

Although time and cost are traditionally known as the major factors defining the size of
construction projects, the current study discovered that in BIM-enabled projects, other
sizable complexity factors such as number of tasks, stakeholders, and deliverables in the
BEP as well as number of companies/projects sharing their resources are considerable. As of
the deliverables, the LOD can vary from 100 to 500 depending on the project lifecycle (e.g.
LOD 100 at the conceptual design stage, LOD 200 at the preliminary design stage, LOD 300 at
the detailed design stage, LOD 400 at the construction stage, and LOD 500 at the as-built
stage). Also, the recipient of each design stage can vary depending on the size of the
stakeholders involved, and that can define the number of tasks required to accomplish each
stage. The competence of project leaders, the technical capability of the team, LOD and
specific requirements in the EIR, along with variations to the BEP in the project lifecycle, are
identified as belongingness complexity measures in the current study. The skills and
capabilities of the project leader or in the case of BIM projects, the BIM manager, has a critical
role in successful delivery of the project. BIM manager is at the centre of the BEP and is
responsible for training the personnel and management of skills (Ahmadi Eftekhari et al.,
2022; Uhm et al., 2017). Also, it is important to have an EIR that is structured well to ensure
that the right information is available to optimise running costs and utility usage over their
entire lifecycle (Ashworth et al., 2019). Thus, the process of developing EIR requires a decent
understanding of facility managers and/or clients regarding BIM process.

Autonomy complexity factors in BIM-enabled projects are mostly found around the
dependency of the components on each other, while the previous studies indicate that
collaboration is a key aspect of BIM adoption process (Oraee et al., 2019). The dependencies in
this process involve between BIM models (i.e. structural design depends on architectural
design, etc.) and technology vendors to avoid interoperability complexities. As a highly
project-based industry, construction requires collaboration between multiple organisations
(Cao et al., 2018). To avoid confusion between new roles (e.g. BIM manager) and traditional
roles (e.g. project manager), further attention needs to be paid to defining BIM roles and
responsibilities. In this regard, Akintola ef al. (2017) suggest that project managers can be
trained in BIM technology to become BIM managers.

As of the emergence aspects of complexity model, there are only two factors identified in
the current study. Efficient and fast information circulation is one of the strongest points of
BIM; hence this process can be hindered by the number of RFIs submitted for incomplete



models. Although model checker tools are often employed to detect the errors in the models
(Solihin and Eastman, 2015), the process is prolonged by the number of identified errors,
which require to be addressed by a particular member of BIM team.

Lastly, the current identified capacity of transferring information in the CDE is the only
factor under the connectivity complexity aspect. With the recent developments in BIM
software, especially using laser scanners, the volume of files can be significantly huge (i.e. a
point cloud data file can be up to 60 Gigabytes in size). Fortunately, cloud storage enables the
transfer of files through an internet connection (Onungwa et al., 2021), which saves the usage of
physical transfer of data (i.e. hard drives). Thus, the internet connection speed might add some
complexities to this process as not many countries have access to high-speed internet, and even
with having that, it would take a long time to transfer a large file from a user to CDE.

5.2 Theoretical contributions

The findings of this study make significant contributions to the BIM body of knowledge.
This study introduces the DEBACCS Framework, a comprehensive model designed to
understand and evaluate the complexity within a system, particularly in the context of BIM-
enabled projects. The DEBACCS acronym stands for seven key criteria: Diversity,
Emergence, Belonging, Autonomy, Connectivity, Context, and Size. These criteria
represent the various dimensions essential for gauging a project’s complexity.

The name DEBACCS’ is metaphorically akin to the intricate weaving of a complex fabric
or the interrelated components of a sack. This analogy is apt, as complexity in this
framework is conceptualised as a collection of elements that, while distinct, form
recognisable and interconnected patterns. Just as a sack holds and unifies diverse items,
the DEBACCS framework encapsulates the multifaceted aspects of complexity in a cohesive
manner (Bakhshi, 2023).

By incorporating the DEBACCS Framework into project complexity, this study
contributes valuable insights and a structured approach to understanding and assessing
the complexity of projects. It offers a comprehensive set of criteria that encompass various
aspects of complexity, allowing researchers and practitioners to evaluate and compare the
complexity levels of different BIM projects. Furthermore, these theoretical implications will
assist researchers, project managers, and other stakeholders in developing a deeper
understanding of the complexities associated with BIM-enabled projects.

5.3 Practical implications

The results of this study have several practical implications for BIM-enabled projects.
Firstly, the study identified 34 factors in seven categories that contribute to the complexity of
BIM-enabled projects. These findings provide a basis for identifying and measuring BIM-
specific complexity degrees that can be used by industry-based institutions to standardise
BIM adoption plans. Secondly, the study identified context-wise complexity assessment
factors that are specific to BIM settings. This information is critical in developing BIM
regulation and implementation plans that are specific to a particular country or state.
Thirdly, the study emphasised that diversity aspects are highly decisive in defining the
complexity of BIM-enabled projects. Therefore, teams comprising diverse members from
specialist organisations require collaboration among members from diverse disciplines,
organisations, cultural backgrounds, and even geographical locations to reduce the
complexities of BIM-enabled projects. Lastly, the study identified factors such as the
number of tasks, stakeholders, and deliverables in the BEP as well as the number of
companies/projects sharing their resources, which are considerable in BIM-enabled projects.
This information is critical in determining the allocation of risks and responsibilities in the
procurement method for the delivery of BIM-enabled projects.
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In addition, the study revealed that the skills and capabilities of the BIM manager play a
critical role in the successful delivery of BIM-enabled projects. Therefore, it is essential to
train personnel and management in BIM processes to enhance their skills and capabilities.
Furthermore, the study emphasised the importance of having an EIR that is structured well
to ensure that the right information is available to optimise running costs and utility usage
over the entire lifecycle of a built asset. Thus, facility managers and/or clients should have a
decent understanding of the BIM process to develop an effective EIR.

Overall, the findings of this study provide a comprehensive understanding of the factors
contributing to the complexity of BIM-enabled projects. The theoretical and practical
implications of these findings will assist project managers, BIM managers, scholars, and
other stakeholders involved in BIM-enabled projects in developing effective strategies to
reduce the complexities associated with BIM-enabled projects.

6. Conclusion

In response to the pressures of having to deal with the rising complexity of construction
projects, BIM has been invoked as a saviour of sorts, being a platform with the potential to
absorb the multiplicity of activities, from design to execution and beyond of construction
projects, integrate these and facilitate the timely and accurate dissemination of data,
information and knowledge to all relevant parties. That is the rhetoric at least around which
BIM is promoted, and in large part, this assessment of BIM’s value is now taken for granted,
with governments such as the UK mandating the use of BIM in project construction works.

The irony, however, is that while BIM indeed offers the very real potential of better
managing the complexity of construction projects, its application itself adds an extra layer of
complexity. There is much evidence supporting the proposition that BIM has the potential to
compound project difficulties and confusion when not properly utilised. And proper
utilisation is no mean feat. It requires a high level of expertise of all its various users on a
project and with strong leadership and coordination of parties, as well as an organisational
structure that fully aligns with a BIM-based work culture. Few organisations have in fact
reported complete satisfaction in their capacity to integrate BIM into their operational
workflows. BIM thus presents challenges even as it delivers improved project outcomes.

This background has triggered the current investigation that has been conducted and
reported here. While complexity may seem an intangible concept, it has been defined and it
has been investigated, with a plethora of some 130 factors described across 420 peer-
reviewed publications. While offering an important insight into the problem, this list of
factors is itself complex and is too large to be practical. Moreover, given that the utilisation of
BIM is understood to drive down the overall complexity of projects (albeit, perhaps also
adding somewhat to them), this begs the question of what, then, are the most critical factors
that characterise and add to the complexity of BIM-enabled projects?

In answering that question, an expert industry panel was solicited to partake in a
comprehensive multi-stage Delphi-driven process. Participants were presented with an
initial list of potential factors and over a set of discussions and iterations, condensed this
down to a manageable 34 factors that specifically impacted the complexity of BIM-enabled
projects. That list was presented in a framework of meta-factors, as developed in earlier
research, comprising the elements of (1) project context, (2) belonging, (3) diversity, (4) size,
(5) connectivity, (6) emergence, and (7) autonomy.

The important insight gained in this study lies in identifying both the spread of
complexity factors across these seven partitions, and establishing the degree to which
complexity factors were assessed as impacting BIM-enabled project complexity. 27 of the 34
factors (80%) occur in the first four meta-factors only (project context, belonging, diversity
and size). Moreover, of the 13 complexity factors that were unanimously agreed by expert



informants as being critical, 7 of these (54 %) fell within the two categories of project size and
diversity. That is, complexity in projects heavily derives from variables such as the scale of
elements involved (duration, range of tasks, number of deliverables), combined with the
degree to which resources brought to bear fail to align with each other (locations involved,
methods used, range of experience and inconsistent work practices).

No doubt more can and should be done to shed further light on this area of investigation.
This study should be considered preliminary, noting that the sample of participant informants
is relatively small. Also, the participants of this study were mainly from Australia, and these
findings can be explored, interpreted, and transferred to other countries through other studies.
Moreover, BIM-enabled projects are of various kinds, and distinction in that regard was not
considered. Nevertheless, the findings are eye-opening and offer a ground-breaking hypothesis
as to where complexity bites deepest in regard to BIM-enabled projects. This should be taken
up in subsequent research to test the validity of what has been found and reported here.
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Table Al.

Project complexity
factors extracting from
the literature review

Appendix 1

Dimension

Project complexity factors (provenance of complexity)

Context

Belonging

Unusual type of design process

Demand of creativity

Scope for development

Institutional configuration

Significant on public agenda

Degree of project flexibility (in scope, process, organisation . . .)
HSSE issues

Decision making process challenges

Repetition of similar type of projects

Internal politics Issue (ambiguity, hidden information)
Environment complexity (networked environment)

Cultural configuration

Form of contract

Overlapping office hours

Stability project environment

Experience with parties involved

Project drive

Commercial newness of the project (new partners, teams etc.)
Conflict between stakeholders

Level of competition between stakeholders

Lack of support (top management, users, staff members etc.)
Organisational degree of innovation

New laws and regulations

Local laws and regulations

Level of competition

Environment of changing technology, economy and nature
Functional role

Degree of obtaining information

Interaction between the technology system and external environment
Organisational risks

Neighbouring environment (including the site access/location)
Geological condition/difficulty of location

External politics issue

Union power

Quality requirements

Cost restraints (cost and financing)

Specific requirements/standards

Capability (knowledge, experience, education, training etc.)
Technical capability of team

Unknown/poorly defined requirements

Bespoke software or hardware

Trust in stakeholders

Team transparency, empathy (the personal and intangible matter that improves cooperation)
Project Manager competencies

Technological degree of innovation

Risk of highly difficult technology

Technological newness of the project

Highly customised products

Responsibility and Accountability

Requirements capture

(continued)




Dimension

Project complexity factors (provenance of complexity)

Autonomy

Connectivity

Emergence

Availability of people, material and of any resources due to sharing
Level of interrelation of between phases

Team/partner cooperation and communication

Levels of management are involved in project decision-making
The amount of overlap and interactions

Dynamic and evolving team structure

Dependencies with the environment

Interdependencies between sites, departments and companies
Interdependencies of objectives/interests

Process interdependence

Stakeholders interrelation/interdependencies
Interdependencies between actors

Specifications interdependence

Interdependence between components of the product
Technological process dependencies

Resource and raw material interdependence

Dependencies between schedules

Interdependencies of information systems

Number of governmental people who involved in projects
Combined transportation

Interconnectivity and feedback loops in the task and project networks
Face to face relationship between project team members
Number of interfaces in the project organisation

Relations with permanent organisations

Capacity of transferring information

Level of processing information

Goals/interests alignment

Dynamics of the task activities

Uncertainties of scope

Uncertainty and clarity of objectives or goals

Uncertainty in technical methods

Information uncertainty

Clients with unrealistic goals

Market uncertainty

(continued)
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Table Al.

Dimension

Project complexity factors (provenance of complexity)

Diversity

Size

Variety of financial resources

Variety of organisational skills needed

Variety of the project management methods and tools applied
Variety of resources to be manipulated

Diversity of tasks

Diversity of inputs and/or outputs

Variety of the interests of the stakeholders

Diversity of staff (experience, social span .. .)

Variety of the stakeholders status

Cultural variety

Number of different languages

Multiple time zones

Variety of hierarchical levels within the organisation
Variety of organisational interdependencies

Variety of technological dependencies

Variety of the technologies used during the project
Variety of technological skills needed

Multiple participating countries/location

Geographic location of the stakeholders

Variety of information systems to be combined
Variety of the product components

Client transparency, empathy (the personal and intangible matter that improves cooperation)
Multiple suppliers, contractors, vendors, etc.

Number of decisions to be made

Duration of the project

Number of deliverables/disciplines

Number and quantity of resources

Number of activities

Largeness of capital investment

Number of the project management methods and tools applied
Number of different occupational specialisations
Number of inputs and/or outputs

Largeness of scope (number of components etc.)

Size in CAPEX (Capital expenditures)

Number of stakeholders

Number of companies/projects sharing their resources
Number of formal units and departments involved
Number of objectives

Number of investors

Staff quantity

Number of structures/groups/teams to be coordinated
Number of hierarchical levels

Number of information systems

Source(s): Bakhshi (2023)




Appendix 2

Consensus Mann— Significant
Complexity factor % Median IQD Whitney Z p-value
Repetition of similar type of projects 57 7 2.00 0.515 0.606
Commercial changes 71 8 1.00 0.369 0.712
Degree of flexibility in BEP 85 9 1.00 1.125 0.260
Unusual type of design 85 9 1.00 0.455 0.650
Previous experience 85 9 1.00 0.895 0.371
Significance on public agenda 85 9 1.00 0.789 0.430
Institutional configuration 100 10 0.00 0.567 0.571
Local laws and regulations 100 10 0.00 0.224 0.823
Levels of management 71 8 1.00 0.700 0.484
Interdependence of objectives 85 9 1.00 0.156 0.876
Dependencies on technology vendors 85 9 1.00 0.741 0.459
Interdependence between BIM models 100 10 0.00 0.782 0434
Technological changes in the BEP 57 7 2.00 0.292 0.770
Level of development (LOD) in EIR 85 9 1.00 0.224 0.823
Specific requirements/standards 85 9 1.00 0.369 0.712
Project Manager competencies 100 10 0.00 0.515 0.606
Technical capability of the teams 100 10 0.00 0.369 0.712
Capacity of transferring information in 100 10 0.00 0.455 0.650
the CDE
Organisational skills of the team 57 7 2.00 0.895 0.371
members
Variety of culture and language 57 7 2.00 0.789 0.430
Geographic location of the 85 9 1.00 0.567 0.571
stakeholders
Variety of data formats 85 9 1.00 0.224 0.823
BIM maturity level in BEP 100 10 0.00 0.700 0.484
Diversity of tasks in BEP 100 10 0.00 0.156 0.876
Variety of procurement methods 100 10 0.00 0.741 0.459
Multiple project locations 100 10 0.00 0.782 0434
Unknown/poorly defined BEP 57 7 2.00 0.292 0.770
Information uncertainty 85 9 1.00 0.224 0.823
Number of stakeholders 57 7 2.00 0.369 0.712
Largeness of CAPEX 57 7 2.00 0.515 0.606
Number of companies 85 9 1.00 0.369 0.712
Number of task teams 100 10 0.00 0.455 0.650
Number of handover deliverables 100 10 0.00 0.895 0.371
Duration of the project 100 10 0.00 0.789 0.430

(continued)
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Table A2.

Consensus Mann— Significant
Complexity factor % Median 1QD Whitney Z p-value

Cronbach’s Alpha: 0.820

Kendall’s W: 0.260

Chi-Square (X): 19.200

X? — Critical Value (p = 0.05): 14.091
Degrees of Freedom (Df): 7

Significant p-value: 0.012

Note(s): This table summarises the percentage of consensus among participants for each variable, along with
the Median, Interquartile Deviation (IQD), Mann-Whitney Z score, and significance p-value. The percentage of
consensus indicates the agreement level among experts. The Median represents the central tendency of the
ratings, while IQD shows the variability. The Mann-Whitney Z score and its significance p-value assess the
differences between groups, with p-values less than 0.05 indicating significant differences. Summary statistics
provide an overall measure of reliability (Cronbach’s Alpha) and agreement (Kendall's W), with Chi-Square
and its significance confirming the robustness of the findings
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