
   

2022, Vol. 10, No. 3 10.15678/EBER.2022.100301 

Identifying and assessing complexity emergent behaviour 

during mega infrastructure construction in Sub-Saharan Africa 

Iliyasu Abdullahi, Michal K. Lemanski, Georgios Kapogiannis, Carlos Jimenez-Bescos 

A B S T R A C T 

Objective: The objective of the article is to identify, assess, and classify complexity indicators based on the 

impact level of their emergence behaviour during mega infrastructure construction. 

Research Design & Methods: The study adopted a quantitative methodology: online questionnaire survey to 

gather data and Exploratory Factor Analysis (EFA) to analyse data. 

Findings: Task difficulty, dispersed remote teams, multiple project locations, and project scope were iden-

tified as structural complexity indicators that surged extreme difficult to project managers. In comparison, 

project duration, project tempo, construction method, and uncertainty in methods were found to trigger 

uncertainty during construction. 

Implications & Recommendations: This study lays foundation for theoretical exploration of an important phe-

nomenon in the global economy, i.e. the development of mega infrastructure projects in developing countries. 

The contextualization of the study in Sub-Saharan Africa builds knowledge of such project complexity in an 

under-researched context. Practically, the results enable managers to create tools and frameworks to assess 

overall project complexity level and evaluate their competence incongruently to complexity to select appro-

priate complexity management strategies. Policy makers are informed about factors which can impede exe-

cution of mega infrastructure projects, thus they adjust risk assessment in such projects and better allocate 

resources to facilitate sustainable development of developing economies. 

Contribution & Value Added: The study provides a foundation for extensive research into infrastructure com-

plexity in Sub-Saharan Africa. Additionally, it provides insights to parties willing to explore Public-Private infra-

structure initiatives in the region. 
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INTRODUCTION 

Sub-Saharan Africa has attracted an more and more investments in infrastructure projects (Gemueva, 

2018; Owusu-Manu et al., 2019). However, most of these projects do not meet the originally set dead-

lines and budgets (Gbahabo & Ajuwon, 2017). These in turn lead to high social and economic costs 

imposed on already vulnerable societies and economies. Such a systematic inability of project manag-

ers to manage complexity of mega infrastructure projects urgently requires empirically supported re-

search to identify, assess, and systematise the complexity problems of such projects. 

It is widely accepted that complexity will remain an inherent part of infrastructure development 

due to the nature of systems that exist when actualizing these projects, coupled with enormous chal-

lenges that complexity exerts during construction (Kermanshachi & Safapour, 2019). However, com-
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plexity is a discouraging element for businesses’ participation in Public-Private Partnerships, i.e. the 

preferred finance medium for infrastructure building in developing economies. This makes it impera-

tive to elucidate infrastructure complexity in the region in need of more infrastructure investment.  

Williams (1999) observes that complexity typically emerges during infrastructure construction from 

either difficulty surging from the interdependence between project elements and its people (i.e., struc-

tural complexity) or incessant change and unknown uncertainty resulting from the interrelationship be-

tween both components (i.e., dynamic complexity). Identifying complexity indicators during mega con-

struction based on their emergence behaviour could be a precursor to elucidating and measuring pro-

jects’ complexity during the planning phase for proactive complexity management (Bakhshi et al., 2016; 

Lu et al. 2015). However, recent studies criticize such an approach as static, possibly misleading project 

managers to underestimate complexity during the construction phase (Kermanshachi & Safapour, 2019), 

and failing to reflect complexity emerging characteristics (Luo et al., 2017). Moreover, identifying indica-

tors at the planning stage may not necessarily depict complexity impact during construction. To account 

for this critique, the study presented in this article aims to identify the actual impact level of each com-

plexity indicator from their emergent behaviour during construction. As such, it can serve as a proactive 

medium for complexity management to support project managers in their role effectively in the context 

of Sub-Saharan Africa. At the same time, this approach helps to augment findings from a major recent 

work of Söderlund et al., 2017, in which complexity indicators are only identified and classified. 

In the light above, this article aims to identify, assess, and classify complexity indicators based on 

the impact level of their emergence behaviour during mega infrastructure construction from the per-

spective of experienced project managers. The intended contribution is to enable managers, policy 

makers and potential investors to better comprehend the complex nature inherent within the terrain 

of inquiry, and to enable them to design strategies that account for peculiarities of Sun-Saharan Africa 

simultaneously ensuring success of such mega infrastructure projects. 

The article is structured as follows. In the next section, relevant literature will be reviewed following 

the critical literature review method used in recent studies by Sieja and Wach (2019) and Wach (2020) 

with a specific focus on mega infrastructure project complexity and the identification of its dimensions. 

Next, methods and data will be presented, and the results of the empirical study will be discussed in 

relation to the reviewed literature. Finally, implications of the received findings will be discussed. 

LITERATURE REVIEW 

Mega infrastructure project commands a budget of more than a billion USD and is inherently character-

ized by the complexity that surges from its large size, scope, numerous task and components, and high 

uncertainty occurrence resulting from more extended project period, scope change, and contravening 

political interest (Siemiatycki, 2015). Complexity definition in the construction project management lit-

erature remains vague due to researchers’ partial and contesting views across time-space (Luo et al., 

2017). The earliest definition was by Baccarini (1996) who defines complexity as ‘consisting of many var-

ied interrelated parts,’ which can be characterized in terms of differentiation and interdependency. Dif-

ferentiation is the number of varied components in a project (e.g., tasks, specialists, subsystems, and 

parts), and interdependency is the degree of interaction between these components. Williams (1999) 

uses this definition mainly to describe structural complexity. Furthermore, Williams suggests the need to 

capture Turner and Cochrane (1993) uncertainty in goals and means as an aspect of complexity. This 

assertion influenced researchers to conceptualize complexity differently and perhaps it is the reason why 

today complexity is often associated to project difficulty and risk (Dao et al., 2017). 

Notwithstanding the extensive descriptions of complexity in the literature, practitioners have re-

ferred to it as difficult, complicated, knotty, unique, lacking clarity, and intricate. Geraldi et al. (2011) 

reiterates that researchers should always provide an unequivocal distinction between complex and com-

plicated systems when discussing the complexity concepts. Cicmil et al. (2009) distinguishes the two 

streams covering complexity discussion in the literature; the first dimension discussed how complexity 

manifests in a project – complexity in the project. In contrast, the other dimension covers factors that 

make a project difficult to manage. The study highlights the first dimension to be theoretically driven 
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through the complexity theory lens, while the latter is practitioner-driven with the assertion that identi-

fying complexity factors on a project could enable project managers to define decisions and correspond-

ing actions required to manage complexity (Dao et al., 2017; Kermanshachi & Safapour, 2019). 

The current study aligns with the latter dimension as it aims to investigate complexity that 

causes difficulties from the project manager’s perspective. Hence, the notion for adopting Xia and 

Chan (2012) complexity definition as project characteristics that are complicated, multi-faceted, 

and composed of many interconnected parts. 

Research investigating infrastructure project complexity had been conducted from various di-

mensions over the years. However, no consensus taxonomy clearly describes what complexity con-

stitutes or how its occurrences could be managed (Bakhshi et al., 2016). Most researchers confine 

to studying complexity dimensions and their effects on project performance with the firm belief 

that if a project manager perceives complexity from the highlighted indicators, then the right deci-

sions and corresponding actions required to manage complexity could be defined (Dao et al., 2017; 

Kermanshachi & Safapour, 2019). 

Gidado (1996) broadly categorizes complexity sources on construction projects into two distinct 

groups: elements inherent to performing individual tasks that may resonate from a combination of the 

project’s intrinsic complexity and components necessary to form a workflow, sequence rigidity, and 

construction elements overlap. Girmscheid and Brockmann (2008) classify project complexity on large-

scale engineering projects into overall complexity, task complexity, social complexity, and cultural 

complexity. Their study described task complexity as the density of work that could be managed by 

decision-making and coordination to depict structural and dynamic complexity.  

Lessard et al. (2014) investigated the various project properties and features that attribute com-

plexity and highlighted technical and institutional complexity as complexity dimensions. Nguyen et al. 

(2015) identified organizational, technological, environmental, socio-political, infrastructure, and 

scope as complexity dimensions on transport projects using fuzzy analytic hierarchy process. Kerman-

shachi and Safapour (2019) categorize construction project complexity indicators attributes into stake-

holder management, governance, fiscal planning, quality, legal, interfaces, execution target, design 

and technology, location, scope definition, and project resources. Mirza and Ehsan (2017) classify com-

plexity factors based on schedule constraints during infrastructure development into time, scope, cost, 

quality, resource, and risk complexity. 

He et al. (2015) used the content analysis technique to explore existing literature in which complexity 

was categorized into technological, organizational, goal, environmental, cultural, and information com-

plexity. Further, Bosch-Rekveldt et al. (2011) describe complexity as technical, organizational, and envi-

ronmental (TOE). Chapman (2016) classifies complexity indicators on rail megaproject into three catego-

ries, the delivery team (who), delivery process (how), and project characteristics (what). 

Despite these proposed classifications, meagre studies categorize complexity indicators based 

on the properties of their emergence behaviour on infrastructure projects. Remington and Pollack 

(2016) categorize complexity influencing factors into structural, technical, directional, and temporal 

complexity. Williams (1999) highlights that complexity emerges from structural uncertainty and un-

certainty. Lu et al. (2015) proposes using task and organization perspectives to determine the dy-

namic emergence effects of complexity influencing construction projects’ factors. According to the 

study, defining the complexity indicators underlying emergence behaviour could enable project 

managers to understand better infrastructure project complexity, which subsequently improves 

overall project performance. In this view, the study focused on the emergence behaviour of com-

plexity indicators (i.e., structural and dynamic) within the project construction site, as seen from the 

table in the Appendix (Kian Manesh Rad & Sun, 2014). 

RESEARCH METHODOLOGY 

The scope of this study was limited to the project execution phase, because in general construction 

management challenges exacerbating complexity are mainly domiciled on the construction site. Stud-

ies capturing complexity in other regions adopted the Delphi survey method to assess, rank, and weigh 
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complexity indicators on various project types from distinct dimensions. However, a different ap-

proach was preferred for this study, grouping complexity indicators based on the impact level of their 

emergent behaviour from the project manager’s perspective. 

Through an extensive literature review, seventy-three complexity indicators prevalent on the con-

struction site were identified and used to design a nominal scale pilot study questionnaire. The first 

section required participants to either agree or disagree if a complexity indicator applies during infra-

structure construction. In the next section, participants either ticked structural (S), dynamic (D), or 

both (B), the attributes which apply to each complexity indicator emergent behaviour. Seven built en-

vironment academicians – three tutors and four postgraduate students with prior experience devel-

oping mega infrastructure – and ten field professionals were selected to ascertain the minimum sam-

ple requirement of 10 participants for a pilot study (Hill, 1998). 

In this pilot study, sequel to distributing the questionnaire form online, a video-conference call was 

conducted to explain and clarify details and ensure participants understood all concepts and questions 

asked in the survey. The researchers confirmed that repetitiveness, ambiguity, and redundancy were 

eliminated from the final complexity indicator assessment questionnaire based on gathered data. 

Forty-nine indicators were identified to be prevalent on the construction site, 21 into the structural 

dimension, and 28 formed the dynamic dimension seen from the Appendix. 

The final version of the main questionnaire design captured how project managers perceive com-

plexity indicator intensity based on its emergence behaviour. The questionnaire contained 55 survey 

questions that required answers, structured into three sections. Section 1 captured participant’s de-

mography. Section 2 entailed structural complexity indicators. Project managers were required to se-

lect the extent to which they perceive an indicator contributes to the overall project complexity on an 

11-point Likert-type scale, where 0 stands for no impact and 10 for extremely high impact towards 

increased project difficulty level. Section 3 captured dynamic complexity indicators. Participants were 

required to select between 0 (no influence) and 10 (extremely high influence) the extent to which an 

indicator leads to uncertainty that predisposes project managers. The Likert-types scales were used to 

measure complexity based on previous studies, which also employed Likert scales to investigate con-

struction project complexity: Luo et al. (2017), Dao et al. (2017), and Mirza and Ehsan (2017). 

Homogenous sampling was used for its potential to obtain a representative sample with similar 

characteristics (Sharma, 2017). This technique ensured that the selected sample was better positioned 

to define how intense complexity indicator emergence characteristics contribute to overall project dif-

ficulty and uncertainty during construction from their experiences working on this type of projects. 

Being aware of the problems of conducting surveys in different cultures and in the context of develop-

ing economies reported by Bartosik-Purgat and Jankowska (2017), the designed questionnaire was ad-

ministered online but was preceded and followed by personalized inquiries. The target was 358 project 

managers working on mega infrastructure projects and registered with the Federation of Construction 

Industry (FOCI) database (N=358). The FOCI publishes a regularly updated list of approved large con-

struction contractors in the region. The survey was conducted on Qualtrics platform with the university 

address to ensure respondents received this as an academic study. Data collection lasted from Sep-

tember 1st, 2020, to November 29th, 2020. A broad description of the research project was given in 

the introductory section together with research ethics forms required by the authors’ institutions. 

When the survey was closed, 189 entries were recorded. Next, researchers screened for partially 

completed entries, which led to the final sample of 142 entries (n=142), representing a 41% response 

rate. Respondent’s industry experience ranged between 6-30 years, with the majority (57%) having 

over 16 years of work experience. In terms of professional expertise, most respondents were civil en-

gineers (51%), which is a common practice on mega construction sites. 

A popular software package (IBM SPSS) was used to conduct the Exploratory Factor Analysis (EFA) 

and categorize complexity indicators into dimensions describing their emergent behaviour’s intensity 

level. This technique was employed because it allows finding underlying factor structure for the com-

plexity indicators. The EFA was conducted for each complexity dimension. 

The minimum amount of data needed to perform factor analysis was satisfied using likewise dele-

tion – the final sample size for the first dimension was 121, and 117 for the second dimension. The 
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sample size threshold of 100 cases suggested by Gorsuch (1997) and Kline (2014), or five samples per 

variable, (Cattell, 2012; Gorsuch, 1997) was achieved.  

The structural complexity dimension captured indicators that increase complexity emerging from 

the project structural attribute. Conducting the EFA, data were subjected to factor analysis using Prin-

cipal Axis Factoring and oblique Promax rotation. The Kaiser-Meyer-Olkin (KMO) values for individual 

items were above 0.5 for a sample size less than 200 (MacCallum et al., 1999), and the KMO measure 

for sampling adequacy was 0.81, which indicates that the sample data is meritorious to conduct EFA 

(Tabachnick et al., 2019). Bartlett’s test of sphericity c2 (210)=3122.09, p<.001 showed a patterned 

relationship exists between the items. Using an eigenvalue cut-off of 1.0, four factors were found to 

explain a cumulative variance of 73%. Table 1 depicts factor loading after using a significant factor level 

of 0.40 suggested by Field (2014). With the exemption of ‘project density’ and ‘the lack of technical 

know-how,’ all elements were above the 0.40 significant factor level. 

Additionally, elements from the established factor scale must have demonstrated internal con-

sistency of at least 0.60 for Cronbach α coefficient. This was achieved, and alpha if-item-deleted was 

collectively found to be less than Cronbach α coefficient, in line with widely used procedures suggested 

by Nunnally and Bernstein (1978). Corrected- item-total correlation for each element in a classified group 

was greater than the 0.500 thresholds suggested by Cristobal et al., (2007), which signified that each 

element was highly consistent with the sum of other elements. Details are presented in Table 1. 

After completion of the above-mentioned tests, the final instrument for structural complexity in-

dicator consisted of 19 elements. These were classified into four factors, to explain the emergence 

behaviour intensity level. The structural complexity intensity factors were labelled as extremely high 

(F1), high (F2), moderate (F3), and low (F4) based on Thamhain’s (2013) overall project complexity 

level dimension taxonomy. The defined complexity intensity clusters captured more than three ele-

ments (Tabachnick et al., 2019), demonstrating the intensity each indicator contributes to overall pro-

ject complexity from the project manager’s perspective during mega infrastructure construction. 

Table 1. The EFA result for structural complexity indicators 

Element  Factor loading Eigenvalue CITC Alpha if item deleted Cronbach’s 

Extremely high   10.930  0.931 

Difficulty of task 0.792  0.797 0.919  

Rigidity of sequence  0.855  0.883 0.911  

Project scope 0.720  0.765 0.922  

Availability of skilled workforce 0.946  0.854 0.914  

Physical locations  0.749  0.711 0.927  

Multiple locations 0.846  0.762 0.923  

Site topography 0.519  0.706 0.929  

High   1.732  0.885 

Type of structure  0.404  0.758 0.758  

Number of project participants  0.516  0.685 0.685  

Project budget  0.896  0.805 0.830  

Quality requirement  0.734  0.767 0.849  

Moderate   1.469  0.848 

Structure height  0.545  0.505 0.854  

Numerous task  0.768  0.765 0.791  

High variety of task  0.425  0.669 0.815  

Project scheduling  0.561  0.624 0.828  

Construction method  1.037  0.743   

Low   1.283  0.870 

Site perimeter  0.757  0.707 0.860  

Number of elements  0.837  0.826 0.752  

Required engineering hours  0.756  0.727 0.838  

Source: own study. 
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The second questionnaire section established the level to which dynamic complexity indicator 

emergence behaviour contributed to uncertainty and incessant change during mega infrastructure 

construction from the project manager’s perspective. Factor analysis using Principal Axis Factoring and 

oblique Promax rotation was performed on the data set. Individual items KMO value was above 0.5, 

and the KMO measure was 0.843, which shows the sample was adequate to conduct EFA. Bartlett’s 

test of sphericity of c2 (378)=3602.392, p<.001 depicted that a patterned relationship existed between 

the items, and factor analysis may have been applied on this sample. Eigenvalue cut-off of 1.0 was 

adopted, and six common factors were extracted to explain the cumulative variance of 75.196% (Table 

2). The significance factor level of 0.40 threshold was set, and each extracted factor label showed an 

internal consistency above 0.60 for Cronbach α coefficient. Besides, all indicators had a corrected- 

item-total correlation above the 0.300 prescribed threshold. 

The final instrument result consisted of 23 indicators, classified into four-factor labels after elimi-

nation of factor F5 and F6 due to low internal consistency, and deployment of workers indicator, be-

cause it loaded below the 0.40 threshold. Perhaps, this could be due to the local procurement strate-

gies which involve specialist subcontractors. Project managers tend to focus on the lead subcontractor 

rather than on their work team (Rosli et al., 2018).  

Each of the four complexity factor labels consisted of at least three indicators, defined using Tham-

hain’s (2013) overall degree of project uncertainty taxonomy, to describe how project managers per-

ceived each indicator contribute to uncertainty and continuous change during the construction phase. 

The dynamic complexity factor labels were Chaos (F1), Unforeseen Uncertainty (F2), Foreseen Uncer-

tainty (F3), and Variations (F4), described below. 

The received results are discussed in the following chapter. 

RESULTS AND DISCUSSION 

Structural complexity 

Extremely high emergent effect (F1) 

The extremely high dimension (F1) depicted elements that require competent project managers to 

manage complexity intensity exerted during mega infrastructure construction (International Centre 

for Complex Project Management, 2012; Remington, 2016). Sequence rigidity leads to construction 

freeze due to the difficulty it enacts in performing tasks onsite. This occurrence leads to high com-

plexity for managers, as found in the survey. Similarly, managers could be overwhelmed if the pro-

ject scope is enormous, as Bosch-Rekveldt et al. (2011) points out that scope size plays a crucial 

role in increasing structural complexity. 

The absence of skilled workers to manage the project scope and execute tasks during construc-

tion is a major complexity. Skilled workforce is pivotal on the construction site (Dale, 2013). Ker-

manshachi and Safapour (2019) showed that primary stakeholders on construction projects in the 

United States found the absence of skilled workers to contribute to complexity negligibly. However, 

in the current study, project managers in Sub-Saharan Africa found this indicator to lead to sub-

stantial complexity on the construction site. This disparity could be explained by prevalence of au-

tomation on construction sites in the United States. Even more so, there is a massive resource pool 

of skilled immigrant workers, which is the contrary to the reality of work in developing nations 

where the absence of skilled workers is prevalent (Jarkas, 2017). 

Problems identified in previous research: physical location of the project in terms of access (Dao 

et al., 2017), existing infrastructure onsite (Chapman, 2016), impact on the execution plan (Ker-

manshachi & Safapour, 2019), the location remoteness (Bosch-Rekveldt et al., 2018), and site to-

pography (Xia & Chan, 2012), were all found to lead to high structural and technical complexity 

onsite, overwhelming project managers extensively. If the project must depend on multiple pro-

jects for technical input and human resources, the complexity becomes enormously high, just as 

identified in the current study.  
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High complexity emergent effect (F2) 

The high complexity level (F2) dimension captured four indicators that project managers found to con-

tribute to project difficulty during the construction phase exuberantly. The infrastructure type and its 

function play a pivotal role in determining the number of project participants (Dao et al., 2017), the 

expected quality requirement (Xia & Chan, 2012), and the overall required budget (Bosch-Rekveldt et 

al., 2011). Constructing a new project type would require a higher budget to purchase innovative tech-

nology and employ specialist subcontractors to support the project manager. When provided funds 

are insufficient, the tendency towards high complexity increases as the manager is constrained. Cor-

respondingly, when sufficient funds are provided, coordinating numerous participants, and employing 

new technology is certainly a source of added complexity as much time would be expended to get the 

project team acquainted with the novel approach. 

Delivering projects with minimal defects is a horrendous task for managers, since attaining maxi-

mum quality would require continuous supervision, coordination, and monitoring of the numerous 

workforce. This study established how these indicators contributed to high complexity and suggested 

that project managers should employ proactive project management strategies, ameliorate manage-

ment of complexity emerging from these indicators during construction, confirming insights from the 

study of Nguyen et al. (2015). 

Moderate emergent effect (F3) 

This dimension comprises five indicators that moderately contribute to complexity when managing 

mega infrastructure construction projects. Managers might find height to moderately influence dif-

ficulty because the mega infrastructure structures are considerably high in most instances, which 

results in a need for various equipment to support work at height, and the prospect of coordinating 

workers on-site becomes lower, thus leading to complexity (Xia & Chan, 2012). The higher the pro-

ject, the greater the number and variety of tasks to be performed, which in turn requires innovative 

construction methods and effective scheduling of artisans and materials to manage complexity 

(Gajić & Palčič, 2019). Nguyen et al. (2015) showed that the number of tasks leads to organizational 

complexity, which experienced project managers in the current study found to moderately trigger 

difficulty as professionals get accustomed to project height from participating in various infrastruc-

ture construction projects (Kermanshachi & Safapour, 2019). 

Lastly, unfamiliar construction methods such as prefabrication contribute to high complexity on 

building projects (Xia & Chan, 2012). Participants in this study opined this as moderately contributing 

to complexity, while moderate complexity indicators can be managed by adopting reactive project 

management strategies that support managers to optimally supervise task performance and coordi-

nate schedules (Ochieng & Hughes, 2013). These complexity elements are peculiar to every project 

type. Findings of this study suggest that participating project managers have developed their compe-

tencies to contend their emergent behaviour effect over the years.  

Low emergent effect (F4) 

The F4 category captured three elements that according to project managers slightly contributed to 

difficulty in managing mega infrastructure construction. These elements inherently form part of overall 

project characteristics. Mirza and Ehsan (2017) identified site perimeter, required engineering hours, 

and numerous elements as complexity indicators that impact project performance during infrastruc-

ture development with no mention of their effect level. Xia and Chan (2012) highlighted that large 

magnitude does not necessarily reflect high complexity on large building projects, which aligns with 

findings from this study. It was found that size surges minimal complexity at the construction stage. 

Further evidence to this finding was from the study of Lebcir and Choudrie (2011) that indicated that 

size has a low influence on project cycle time, leading to complexity. 

Theoretically, the larger the project size, the more physical elements and required engineering 

hours. Ahn et al. (2017) established that numerous project elements lead to meagre complexity when 

adopting interface management on construction projects. At the construction phase, Gidado (1996) 
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highlights how the high number of elements forming a workflow triggers complexity, with no mention 

of the extent to which these indicators lead to complexity. The current study addressed this gap by 

identifying that the number of elements that form a project and the hours required during the con-

struction phase contribute to minimal complexity on mega infrastructure construction, according to 

project managers in Sub-Saharan Africa. Perhaps this could be due to the sophisticated machinery and 

advanced technology found on this project type (Ofori, 2015). 

Table 2. EFA result for dynamic complexity indictors 

Element  Factor loading  Eigenvalue CITC Alpha if item deleted  Cronbach’s  

Chaos   11.741   0.929 

Project duration  0.545  0.599 0.939  

Project tempo 0.915  0.849 0.909  

Construction method  0.809  0.837 0.911  

Uncertainty in methods  0.876  0.864 0.906  

Reliance on other projects  0.859  0.795 0.916  

Project teams’ capability  0.837  0.820 0.913  

Unforeseen uncertainty   3.380   0.910 

Uncertainty in scope  0.545  0.779 0.779  

Change in project scope 0.542  0.773 0.892  

Change in the project specification  0.664  0.844 0.874  

Inability to estimate accurately time 

and budget  
0.849  0.763 0.893  

Quantity of information to analyse  0.745  0.722 0.900  

Foreseen uncertainty   1.898   0.904 

Multiple project goal  0.545  0.631 0.901  

Variety of perspective  0.768  0.791 0.882  

Form of contract  0.425  0.673 0.895  

Disperse teams  0.561  0.690 0.893  

Multiple locations  1.037  0.779 0.883  

Multiple time zone  0.507  0.693 0.893  

Project drawings and detailing  0.877  0.763 0.885  

Variations   1.573   0.855 

Geological condition  0.500  0.630 0.835  

Immediate project environment  0.438  0.626 0.837  

Plant deployment  0..654  0.610 0.840  

Regulations  0.708  0.747 0.807  

Lack of clear project goal  0.690  0.743 0.805  

Medium Variation   1.368   0.696 

High number of goals  0.673  0.458 0.670  

Scope of work  0.871  0.601 0.493  

Ambiguity of scope  0.459  0.482 0.642  

Low Variation   1.095   0.500 

Multiple project goal  0.455  0.355 –  

Number of information source 0.575  3.335 –  

Source: own study. 

Dynamic complexity 

Chaos (F1) 

This classification consists of six indicators that attribute to unexplainable change during infrastructure 

construction. Project managers are unable to explain how these elements negatively impact perfor-

mance. They are inherent project characteristics and influence every project type (Thamhain, 2013) 

and their effect is unforeseeable at the planning stage (Flyvbjerg, 2017). 
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Mirza and Ehsan (2017) highlighted project duration as the primary source of schedule complex-

ity in infrastructure development projects. Overstaying on the project site may lead to problems 

with the morale of the project team and negatively influence project tempo (Chapman, 2016). The 

need to keep up a high tempo during construction requires the manager to be provided with an 

umpteenth supply of resources, which, if unavailable, prevent the manager from effectively manag-

ing the construction site (Xia & Chan, 2012). 

This study found that the selected construction method and its uncertainty lead to chaotic con-

struction sites in Sub-Saharan Africa. The problem could be associated with the lack of experience 

using innovative construction methods and the absence of capable staff to implement these meth-

ods (Jarkas, 2017). In most instances, managers are left to rely on other projects for technical sup-

port, limiting their ability to enact control on the construction site. This study suggested methods 

and strategies that support framing and decimating project information in real-time which can be 

used to ensure minimal impact from these indicators, while managers are informed how to identify 

chaotic projects more accurately during the planning phase. 

Unforeseen Uncertainty (F2) 

The study identified five indicators that project managers found to be unpredictable when constructing 

mega infrastructure. These indicators are identifiable and known to proliferate uncertainty and con-

tinuous change, yet managers find it challenging to determine their occurrence frequency during con-

struction and manage these scenarios. 

At the planning stage, poorly defined project scope lay the grounds for avoidable and incessant 

rework during construction, potentially derailing project performance through delay and cost overrun 

(Bosch-Rekveldt et al., 2011; Gajić & Palčič, 2019). Scope uncertainty during construction is the major 

cause of design change that leads to project specification change onsite (Nguyen et al., 2015). When 

this scenario occurs with no contingency provision for materials and manpower to curtail the situation, 

managers cannot accurately estimate project time and budget. This potentially increases uncertainty 

on the construction site, decapitating managers from coordinating and controlling work in a manner 

that ensures the project performs to its set out goals. To condone the dynamic complexity effect eman-

cipating from the project scope, project managers should look to adopting reactive project manage-

ment strategies (Maylor et al., 2008). Thus, elements in this category would enable managers to de-

termine a project susceptible to uncertainty and incessant change before moving to the site. 

Foreseen Uncertainty (F3) 

This factor label comprises seven indicators that contribute to constant changes during construction. 

However, with an effective management plan, these indicators can be adequately managed. Their oc-

currence leads to contingencies during infrastructure construction, attributed to incessant delay and 

budget increase (Thamhain, 2013). Managing multiple stakeholders’ goals and their contesting per-

spective to what the project should be is an occurrence that is unavoidable on mega infrastructure 

sites. In the same vein, Gajić and Palčič (2019) found that on an international development project, the 

inability to clarify such contesting goals was a major cause of uncertainty on-site, since managers were 

unable to accurately determine the project scope. 

Furthermore, relying on multiple locations to support the site – just as seen in having a batching 

plant outside the construction site – exposes the project to uncertainty, because dependence on vir-

tual teams working across different time zones increases the project manager’s dynamic complexity. 

When there is a need to clarify the work drawings on-site and the manager cannot contact the design 

team at a different time zone immediately, manager’s ability to respond in time and make compre-

hensive decisions on site is constrained. 

Variations (F4) 

This dimension consists of indicators that project managers recognise as prompting uncertainty during 

mega infrastructure construction. Their impact level is well known and can be effectively managed by 

adopting project management guidelines and tools suggested by Remington, 2016. These indicators 
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are attributable to the request for information (RFI) and variation cost to manage uncertainty. Potentially, 

managers expect uncertainty to emerge from the project environment, the lack of clear goals, and plant 

deployment, which could only slow the project tempo with no disruption to construction output on-site. 

CONCLUSIONS 

In general, findings derived from this research will help various stakeholders to be more cautious on 

project complexity effects. More specifically, they will help project managers to better assess overall 

project complexity by focusing on indicators with excruciating effects, emphasize developing project 

management strategies that support managers contend with complexity, and appropriately allocate 

project resources. For project managers who are new to the context of developing economies, this 

article, based on insight from experienced managers of mega infrastructure projects in Sub-Saharan 

Africa, can serve as a guide to develop their competencies further, in order to contend with difficulties 

inherent in complex infrastructure projects. As such, this article can be an important reading for project 

managers who plan to work in locations with the transforming and convoluted institutional environ-

ment described by Kenneth-Southworth et al. (2018). For policy makers, a reading of this article should 

help identify risk areas where delays and budget overruns could cause particularly painful effects, and 

thus save resources of already vulnerable local economies and communities. This could help to ensure 

more investments in infrastructure development to be attracted to Sub-Saharan Africa to support its 

industrialization, advocated by the Infrastructure Consortium for Africa (2018). 

This article opens a fertile ground for extension and replication studies to devise project manage-

ment strategies that contend with complexity trajectories on infrastructure projects. Insights from a 

recent review of work on development of knowledge during the internationalization process of devel-

oping economy firms (Głodowska et al., 2019) suggest that extensions accounting for more social-cul-

tural variables offer a particularly promising way of advancing findings from this study. Specifically, we 

call for research that could explain how international sharing of knowledge might mitigate problems 

of complexity of projects in infrastructure firms in various institutional environments. 

Future research should also confirm whether the categorization of complexity adopted here is con-

sistently applicable beyond land infrastructure mega-projects being built in Sub-Saharan Africa. Along 

these lines, the size of investment in infrastructure in China and involvement of international entre-

preneurs in developing economies, in particular high numbers of foreign entrepreneurs in China 

(Lemanski, 2018), suggests a need to test factors which contribute to an increase in projects’ complex-

ity elaborated in this study in the context of China and other developing economies. 
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Appendix: 

Structural Complexity Element  

Constructs Elements Source  

Size 

Structure height (Baccarini, 1996; Bosch-Rekveldt et al., 2011; 

Chapman, 2016; Dao et al., 2017; Gajić & Palčič, 

2019; Geraldi & Adlbrecht, 2008; He et al., 2015; 

Jarkas, 2017; Kermanshachi et al., 2018; Kerman-

shachi & Safapour, 2019; Lebcir & Choudrie, 2011; 

Lessard et al., 2014; Mirza & Ehsan, 2017; Nguyen 

et al., 2015; Xia & Chan, 2012) 

Structure type 

Site area 

Density 

Number of elements 

Number of participants 

Number of engineering hours 

Budget 

Task 

Numerous tasks 

High variety of task 

Difficulty of task 

Project scheduling 

Rigidity of sequence 

Quality requirement 

Construction methods 

Lack of technical methods 

Availability of skilled workforce 

Design 

complexity 

Level of detailing 

Structural elements 

Clarity of functions 

Variety of drawings 

 

Project scope 

Physical location 

Multiple locations  

Site topography 

Dynamic Complexity Element  

Project 

Features 

Project duration (Ahn et al., 2017; Baccarini, 1996; Bosch-Rekveldt 

et al., 2011; Chapman, 2016; Dao et al., 2017; 

Gajić & Palčič, 2019; Geraldi & Adlbrecht, 2008; 

He et al., 2015; Jarkas, 2017; Kermanshachi et al., 

2018; Kermanshachi & Safapour, 2019; Lebcir & 

Choudrie, 2011; Lessard et al., 2014; Mirza & 

Ehsan, 2017; Nguyen et al., 2015; Xia & Chan, 

2012) 

Project tempo  

Construction methods  

Uncertainty in methods 

Reliance on other projects  

Project team’s capability  

Geological conditions  

Immediate environment  

Multiple time zone  

Disperse team 

Deployment of plants  

Form of contract 

Project 

Goals 

High number of goals  

Lack of clear project goal 

Multiple project goals (multidisciplinary members) 

Variety of perspective  

Project 

Scope 

Scope ambiguity  

Scope uncertainty 

Project detail and drawing.  

Change in project scope  

Change in project specification  

Inability to estimate  

accurately (timeline and budget) 

Quantity of information to analyse  

Quantity of information source 
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