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Adoption of Public-Private Partnership (PPP) in smart infrastructure 

development projects in developing nations: An explorative structural 

equation modelling analysis  

Abstract 

The needs for smart infrastructure (SI) are increasingly evident, given the expanding 

imperatives of rapid-urbanisation, environmental difficulties, and worldwide pandemics.  To 

pool diverse resources, Public-Private Partnerships (PPPs) are identified as a suitable 

procurement and delivery vehicle. However, there has not been much research on the factors 

affecting PPP procured SI developments in developing nations, particularly utilising 

quantitative methods. Hence, the purpose of this article is to evaluate the key-elements that 

contribute to PPP success in SI projects in developing nations, where satisfaction of the public-

sector (S1), private-sector (S2) and end-users (S3) define the success of the project holistically. 

A literature review, expert interviews, a questionnaire survey and a case study were synergised 

to develop and validate the models illustrating the causal relationship between the affecting 

factors to S1, S2 and S3. The results indicate that S1 is greatly affected by technical and social 

factors, while political and legal factors mostly influence S2, and technical barriers affect S3. 

These insightful and detailed findings could serve as a good foundation for promulgating 

relevant government policies, informed decisions, and investigating the viability of PPP in 

developing nations in order to profit from and avoid potential difficulties associated with 

successful SI projects through PPP. 

Keywords: Smart infrastructure (SI), developing regions/nations, “benefits & enablers” (B&E), 

“barriers” (BA), Public-Private Partnership (PPP), “recommended strategies & enhancing 

factors” (RS&EF) 
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Abbreviations: SI – smart infrastructure; PPP- Public-Private Partnership; B&E - “benefits & 

enablers”; BA - “barriers”; RS&EF - “recommended strategies & enhancing factors” PLBE – 

Political & legal B&E; TBE - Technical B&E; FEBE – Financial & economic B&E; SBE - 

Social B&E; SB – Social BA; FB – Financial & economic BA; TB – Technical BA; LSPB – 

Legal & socio-political BA; LREF – Legal & socio-political related RS&EF; TREF – 

Technical related RS&EF; SRF – Social related RS&EF; SREF – Stakeholder related RS&EF; 

FREF – Financial related RS&EF 

1. Introduction 

Every individual on this planet relies daily on various infrastructure. Infrastructure supports 

daily life by facilitating the movement of goods, information, and services in urban and 

regional areas. With the increased number of challenges associated with rapid urbanisation, 

both urban and rural environments are pressured to provide innovative and technology-driven 

solutions in better infrastructure development (Mattoni et al., 2020). Consequently, over the 

past decades, aspirations for smart cities and smart infrastructure (SI) have gained importance 

in in academic discourse and international policymaking (Albino et al., 2015). This is due to 

the diverse and profound potential benefits of SI, including improved public health and safety, 

more liveable environments, energy savings, easier access, increased service quality and value, 

and enhanced maintenance management, which the world needs (Jayasena et al., 2021a; 

Ibrahim et al., 2018; Morimoto, 2010; Milenkovic et al., 2017; Bibri & Krogstie, 2017). As 

explained by Sharifi et al. (2024), developing SI has an impact on a better economic growth, 

improving efficiency and strengthening innovation. These benefits indicate that smart cities 

could catalyse the transition to sustainable development and address climate change challenges 

as well. Developing SI is therefore becoming increasingly necessary in order to drive smart 

urbanisation, since poorly planned infrastructure developments could also disturb and impair 
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natural ecosystems (Balmford et al., 2016). As urban densities tend to increase day by day, it 

is clear that SI development is a fruitful and timely topic for discussion. 

Even though SI developments provide better benefits through their ‘smart’ enhancements, the 

development of SI encounters various challenges.  Inadequate funding is the most significant 

barrier to the development of SI (Rana et al., 2019; Hojer & Wangel, 2015). Further, the 

variability in stakeholders, low involvement of citizens, limited knowledge and expertise and 

political vagueness constitute some other critical barriers (Veselitskaya et al., 2019; Vilajosana 

et al., 2013; Scuotto et al., 2016; Jayasena et al., 2021b). In the research of Spicer et al. (2019), 

the technology used for SI is prohibitively expensive and out of reach of the vast majority of 

smaller municipalities, which confront particular financial constraints in SI development. Tan 

and Taeihagh (2020) explained that although there is a growing demand for SI in developing 

nations, high development and maintenance costs, the scale and impacts of the informal 

economy, and a number of governance issues pose many obstacles. To overcome these 

challenges, involving public-private partnership (PPP) in SI projects have been identified as a 

viable solution in some previous works (Selim et al., 2018 and Jayasena et al., 2021a). PPP is 

considered as a strategy, which reduces risk and enhance public infrastructure, services, and 

project financing capacity (Luo et al., 2021; Ke et al., 2010; Tan and Zhao, 2019).  

Indeed, PPP has been used as a strategy for developing conventional/ ‘normal’ infrastructure 

over the past decades. However, there are drastic differences between normal infrastructure 

development when comparing to SI development. SI development requires more technological 

resources and financial resources and also involves innovations, hence encounters more risk 

than conventional infrastructure developments (Rice & Martin, 2020; Jayasena et al., 2023). 

By communicating across various components of physical infrastructure, SI can manage data, 

make sense of it, and make smart decisions (Birgisson, 2020).  Considering these differences 

https://www.sciencedirect.com/science/article/pii/S2210670721004029?casa_token=yiJoX9Ij8DsAAAAA:1Ck6R1ddPO9FUrE4QINnJN4HMcWWARppRgRYhcxjpc2EbUCdigSW-HX4DakjGkG6U05Fem5A#bib0017
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between SI and normal infrastructure developments, the application strategies and the project 

success might differ significantly from PPP involved normal infrastructure developments. 

Therefore, these differences inspired this study to research into the application and success 

factors affecting PPP in SI development projects. Moreover, research focusing on PPP-

procured SI projects in developing countries were also limited. Tan and Taeihagh (2020) have 

conducted a literature review based for developing countries, which is on governing smart 

cities. Milenković et al. (2017) investigated the application of PPP for developing smart cities 

in Croatia, while Anwar et al. (2017) conducted a study, in the South-Asian region, on the 

application of PPP in sustainable urbanisation. These clearly indicate that more focus should 

be placed on research into the development of SI in developing countries. Therefore, this 

inadequacy of research studies, which have applied quantitative research using empirical data 

in this research area, especially in developing nations, motivated this study as well. Curating a 

foundation based on which the PPP success in SI in developing nations could be investigated 

was deemed a precursor and a viable need. Hence, investigating how different factors affect 

the success of PPP-procured SI developments was a fruitful area, which should help bridge the 

above-mentioned research gaps. Consequently, the aim of this study was to assess the 

influencing factors of PPP success in SI projects in developing nations. In this study, the 

categorisation provided in United Nations Human Development (UNDP) Report 2020 was 

used to identify developing nations. The UNDP’s country classification system is based on the 

Human Development Index (HDI), while the developed countries are countries in the top 

quartile of the HDI distribution and those in the other quartiles are considered as developing 

countries. 

The research question of the study reported in this paper, was formulated as: 
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What are the principal factors underpinning success in SI developments in developing 

nations and how are they affecting success? 

“Benefits & enablers” (B&E), barriers (BA), and “recommended strategies & enhancing 

factors” (RS&EF) were identified as the most frequently used factors in evaluating the success 

of a project as far as research in construction management is concerned (e.g. Jayasena et al., 

2022; Darko et al., 2018), so the same framework was adopted to assess PPP success in SI 

developments in developing nations. Next, developing a criterion for measuring PPP success 

in SI projects was carried out. For a PPP project to succeed, stakeholder satisfaction is non-

negotiable. This was corroborated by Liu et al. (2015a) who averred that stakeholder 

satisfaction is a crucial performance measurement factor for PPP projects’ success. In the same 

vein, multiple researchers stressed the importance of stakeholders’ satisfaction in evaluating 

PPP project success (Yuan et al., 2009; Mladenovic et al., 2013 and Liu et al., 2015b). It is thus 

widely acknowledged that the satisfaction levels of stakeholders in the public sector, private 

sector and end-users are of utmost importance for the successful adoption and 

implementation of a PPP initiative. These criteria were therefore used to evaluate the progress 

of PPP arrangements in executing SI initiatives. The study primarily examined the factors that 

influence the successful execution of SI projects using PPP arrangements in developing 

countries. For this, the study focused on three constructs for measuring success: the public, 

private and end-users’ satisfaction being S1, S2 and S3 respectively. 

The above approach leads to the following contributions to the body of knowledge as presented 

in subsequent sections of this paper:. 

(1) Proposes a robust and exploratory SEM framework for assessing PPP success in SI 

developments in developing nations; 
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(2) Illustrates the internal relationships of the essential determinants influencing PPP 

success in SI initiatives; and 

(3) Produces useful insights through the analysis of the B&E, BA and RS&EF affecting 

PPP success in SI projects, which ultimately broadens the existing practices and 

knowledge of SI development through PPP in developing nations. 

2. Literature Review: Current status of PPP application in smart infrastructure 

developments 

2.1 Importance of smart infrastructure and the differences between smart infrastructure 

development and normal infrastructure development 

People are flocking to cities in search of better living conditions, and technological progress is 

a key component in creating these high-tech smart cities that can keep up with their residents’ 

constantly evolving wants and needs (Stamopoulos et al., 2024). As Tan and Taeihagh (2020) 

explain, many cities in developing nations face difficulties in meeting infrastructure demands, 

but the concept of SI development permits to address these issues by delivering innovative 

approaches in terms of the two aspects of quality and quantity. Busy lifestyles of the society 

have increased the needs for infrastructure that can better adapt to changing needs, e.g., by 

reducing traffic jams by reversing the direction of some traffic lanes. These need automatic 

monitoring and control, easy operation and maintenance, tracking and networking and such 

needs have led to the rise of developing SI.  

Further, the demand for SI has grown with the current pandemic situation as well to enhance 

public health and safety through the application of advanced technological applications, rather  

than relying on conventional infrastructures (Al-Humairi & Kamal, 2021; Costa & Peixoto, 

2020). Examples include using smart applications such as COVID-19 real-time monitoring 

systems with AI applications for tracking and identifying the suspected cases, AI technology 
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to improve the management of hospital treatments and high-performance infrared thermal 

cameras in public spaces to monitor the temperatures of people. More importantly, SI could be 

used for abnormal behaviour monitoring of patients, disease prevention and diagnosis, clinical 

decision-making, etc. This research focused on physical SI (or more precisely SI for physical 

infrastructure, like buildings, roads, power plant and water and waste water schemes) and is 

defined as “a physical system based on integrated value-adding applications of modern 

technologies that may include, for example, automation and robotics and cyber-physical 

advances based on ICT, big data, artificial intelligence and sensor-generated feedback to aid 

‘intelligent’ control of facilities and/or services delivery systems”. 

Before considering the adoption and success of the use of PPP in providing SI in developed 

countries and developing countries, it is important to analyse the status of PPP adoption in the 

provision of conventional/ ‘normal infrastructure’. Here, normal infrastructure is defined to be 

infrastructure that does not use advanced technological applications e.g., artificial intelligence 

and sensors, and cannot control or make intelligent decisions without outside input. SI requires 

more expert knowledge and experience in its delivery than what is needed in conventional 

infrastructure development as, SI is based on advanced technological applications, which can 

intelligently control the facilities and/or services delivery systems. According to Albino et al. 

(2015) among others, ICT advances could be applied to enable rapid if not instant feedback 

and communications, even linked to automated controls e.g., based on embedded sensors and 

cameras; and processing of vast amounts of real-time data for better decision-making in smart 

cities, indicating how SI can make life simpler and better. SI projects are complex, politically 

contentious, and difficult to execute (Berglund et al., 2020; Offenhuber & Schechtner, 2018).  

Governments make their largest financial commitments in these projects. However, these 

projects are fraught with more economic uncertainty, public versus private distributional issues, 

and environmental considerations. 
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2.2 Application of PPP in smart infrastructure developments 

Public-private partnerships (PPPs) have been used over the past 20-30 years by governments 

in developed countries to finance infrastructure projects to meet public demand for services 

such as, for example, new road networks. In the last decade, this has been broadened to include 

capital projects such as schools, water reclamation schemes, hospitals and prisons, 

infrastructure traditionally managed within government capital budgets. 

Advantages of PPP in developing SI include sharing tasks, risks, responsibilities and resources 

in an efficient manner to cater the technologically advanced applications, which provide better 

standards of living (Siokas et al., 2022). PPP enables harnessing of hitherto untapped synergies 

from particular strengths of private and pubic sectors that can compensate for the weaknesses 

of the other in certain aspects. Furthermore, SI projects involve many stakeholders as a result 

of complex technological applications associated in the development rather than normal 

infrastructure development. According to Grossi and Trunova (2021), a wide variety of 

stakeholders are involved in smart city projects, although the specific responsibilities of these 

stakeholders as well as the level and type of their involvement can differ. These illustrates the 

importance of partnerships to pool the resources of private and public parties in developing SI. 

Smart city initiatives have been researched and developed extensively in developed countries 

while, in most developing countries, smart initiatives are yet to be developed (Vu & Hartley, 

2018). This is mainly because of the financial barrier. However, there are successful examples 

of the development of smart city initiatives in developing nations like China, India, Vietnam 

and Croatia, that have benefitted from PPP. Dolla and Laishram (2018) discussed factors 

affecting the PPP involved SI developments in India. Nguyen and HaDuong (2009) also 

discussed the application of PPP in the context of Vietnam. Milenkovic et al. (2017) showed 

PPP to be a high potential solution for developing SI in Croatia. 
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The original primary driver for PPP, as identified by the previous research work is the 

promising mechanism for attracting private capital and resources, while having more efficient 

project and risk management. PPPs allow governments to build infrastructure without raising 

taxes or borrowing money right away (Khmel, & Zhao 2016). In addition, the usage of PPP is 

a strategy for boosting the economic value of infrastructure outputs that may be applied to a 

diverse spectrum of public-sector infrastructure (Cui et al., 2018). Moreover, there are 

advantages of PPP in infrastructure development projects in boosting public sector efficiency, 

resulting in better value for money; transferring certain risks to the private sector; leveraging 

or mobilising private sector expertise and managing capacities; and allowing the public sector 

to concentrate on strategy rather than operational management (Cruz & Sarmento, 2017). 

Different factors affecting the use of PPP in providing normal infrastructure were also 

identified through the literature review other than the factors affecting SI developments that 

involved PPPs. For example, Kwak et al. (2009) identified the importance of legal and 

regulatory background, favourable investment climate and importance of policies for PPP in 

normal infrastructure develoments. Zhang (2005) also identified the effect of tax benefits and 

risk sharing for the success of PPP. Ibrahim et al. (2006) discussed stakeholder complexities, 

unethical practices and challenges in management, which affect the adoption and success of 

PPP in infrastructure developments. These factors, which were identified from the literature 

review, were also consiedered in finalising the factors affecting the success of SI developments 

involving PPPs, in addition to the findings of the expert interviews and the questionnaire 

survey. 

3. Development of the Research Framework and Hypotheses  

3.1 Research Framework 
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A research framework provides a foundation or model that guides the collective research efforts 

(Agherdien, 2007; Simon & Goes, 2011), which can be founded on theory and/or logic and is 

essential for producing new knowledge. The research framework for this study is grounded in 

both theory and logic. The models were developed using PLS-SEM modelling, which consisted 

of two phases: first, a measurement model that quantifies the connections between the variables 

that are latent and their observed variables; and second, a structural model that indicates the 

connections between the latent variables. 

The hypothesised research framework is shown in Figure 1. PPP success in SI development 

initiatives in developing nations was measured using 3 criteria, which are the satisfaction of 

public, private and end-users’ represented by S1, S2 and S3 respectively.  

[Figure 1: Hypothesised research framework for the study] 

3.2 Research Hypotheses 

This study focuses on three broad factors, which are ‘B&E’, ‘BA’ and ‘RS&EF’ and explores 

their implications on PPP adoption and success in SI. A three-step procedure was followed to 

identify the criteria for measurement for these three broad factors. During the first phase of the 

project, through a literature review and 20 expert interviews, the final set of factors affecting 

were identified and they were grouped as per the opinions of the experts. The factors which 

were identified through the literature review were validated through the afore-mentioned expert 

interviews. Four categories were derived from the identified 23 B&E: ‘Technical,’ ‘Social,’ 

Political & Legal,’ and ‘Financial & Economic’. 36 BA factors were categorized into four 

distinct groups: ‘Financial & Economic,’ ‘Legal & Socio-Political,’ ‘Social,’ and 

‘Technical,’.  Similarly, 25 RS&EF were classified into; “Legal & Socio-Political,” 

“Stakeholder,” “Social,” “Technical,” and “Financial.” To examine the effects of these 

constructs and measurement items on the PPP arrangements success in executing SI in 
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developing nations, the 13 constructs mentioned above for B&E, ‘BA’, and ‘RS&EF’ are 

depicted in Figure 2 below.  

[Figure 2: Proposed constructs and their associated measurement items] 

Expert interviews and the literature review revealed that BA could have an adverse impact on 

the S1, S2, and S3 satisfaction. The advent execution of SI via PPP arrangements are 

encouraged by B&E and RS&EF, which has a positive effect on S1, S2, and S3. These 

observations led to the following research hypothesis presented in Figure 3. 

[Figure 3: A series of research hypotheses established for the study] 

Figure 4 illustrates the hypothetical model. The study’s hypotheses will be tested, and the 

outcomes of the research will aid scholars gain a deeper appreciation for the ways in which S1, 

S2, and S3 can influence the PPP arrangements in the execution of SI projects. Even though 

the hypothetical model of the research study is presented in one figure (Figure 4), three (3) 

separate models were developed to focus on each of the three (3) categories, B&A, BA and 

RS&EF to minimise any apparent complexity in examining only one model. 

[Figure 4: Hypothetical model of the research study] 

4. Research Methodology 

4.1 Research Approach 

As stated by Sandelowski (2000), mixed-method research is described as a “dynamic option 

for expanding the scope and improving the analytic power of studies” (p.254). To compensate 

for the shortcomings of each approach and to provide a detailed understanding of the research 

problem, mixed research approach was adopted in this study.  

4.2 Data collection 
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Initially, a a literature review was conducted, this being followed by a set of expert interviews. 

A pilot survey was then conducted. Next, a questionnaire survey of relevant participants from 

developing countries was conducted. Finally, a case study was carried out in order to validate 

the developed models. Subsequently, a global questionnaire survey was conducted among 

experts in PPP and/or SI developments in developing nations.  

4.2.1 Literature review 

According to Grant and Booth (2009), an examination of recent or current published literature 

will be carried out in a literature review to cover a wide range of papers at various levels of 

completeness and comprehensiveness. Hence, a literature review was initially carried out to 

explore the concepts of a SI, PPP and the role of PPPs in SI development in developing 

regions/nations. Suitable case examples were also explored. Further, the factors affecting the 

success of PPP involved SI developments were explored through literature.  

4.2.2 Expert interviews 

In research related to construction management it is a common technique to use interviews to 

gather qualitative data on practitioner opinions, attitudes, skills, and best practices (Hansen, 

2021). As explained by Adams (2015) and Adeoye‐Olatunde and Olenik (2021), semi-

structured interviews are appropriate if the researchers need (a) to conduct some in-depth 

exploration before designing large-scale surveys; (b) to configure focus group agendas; (c) to 

construct overall research strategies;  or (d) to explore unclear situations or findings that emerge 

(or remain) after the analysis of the survey data or focus group findings. Therefore, after the 

literature review, a set of semi-structured interviews were carried out among relevant experts 

in Sri Lanka (a developing nation) to investigate the parameters influencing the project success 

of SI development with PPP involvement programmes in developing nations before moving 

on to the international questionnaire survey.   
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In this study, the expert interviewees were selected utilising the snowball sampling technique 

under non-probability sampling technique. Data saturation occurred after the ten interviews, 

given the limited number of projects in this SI and PPP domain in Sri Lanka. The interview 

process was thus successfully concluded in this domain with the ten interviews as further 

interviews with less knowledgeable persons and/or on less relevant projects would not have 

added value to the findings. Data saturation has emerged as a crucial concern in the context of 

interview techniques, as it directly impacts the quality of the resulting data (Hansen, 2021). 

The term “saturation” is described as the stage where no additional pertinent information is 

obtained, even with further interviews (Galvin, 2015). Data saturation is a frequently used 

reason to justify the number of interviews (Hansen, 2021). Hence, the number of interviews 

conducted can be justified in this study domain. Further, the extensive and in-depth experience 

of the interviewees was also taken into account to validate the quality of the interviewees. The 

selected ten expert interviewees had more than 9 years’ experience in the areas of PPP and SI 

developments in Sri Lanka.  Among the selected interviewees, 5 had experience in the relevant 

areas for more than 20 years. Table 1 presents the profile of the expert interviewees. 

4.2.3 Pilot Survey 

Combining the findings of the literature review and expert interviews, a list of factors was 

identified and categorised, which affect the project success of SI developments involving PPP. 

These factors were validated using a pilot survey before the main questionnaire survey, which 

comprised of a set of five expert interviews in Sri Lanka (being a developing country).  

4.2.4 Questionnaire Survey 

The next step was conducting the questionnaire survey. The sample of respondents included 

experts in PPP and/or SI developments in developing nations. The questionnaire was divided 

into six separate sections. The objectives of the study were explained in the first section of the 
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questionnaire, and respondents’ background information, were gathered in the second section. 

Respondents were asked to rate the relevance of S1, S2, and S3 as well as the measurement 

items of B&E, BA, and RS&EF. The measurement items were evaluated by the respondents 

using a five-point Likert scale. A five-point Likert scale was used because despite the 

advantages of a seven-point or nine-point Likert scale in certain scenarios where greater 

differentiation is warranted; in scenarios like the present, where broader overviews are more 

useful, the expanded range of choices could potentially lead to survey fatigue, as participants 

may perceive it as a time-consuming and cognitively demanding task to navigate through 

several possibilities. Therefore, by using seven-point or nine-point scales may lead to low 

quality results and less responses. A five-point Likert scale was a very commenly used scale in 

the research related to construction management and PPP (e.g. Owusu-Manu et.al., 2021; 

Malek & Bhatt, 2023; Chileshe et al., 2022).  Research, which used SEM for developing 

models, used the five-point Likert scale commonly as well, as in Jayasena et al. (2022), Darko 

et al. (2018), Ekanayake et al. (2021), Tripathi and Jha (2018) and Siokas et al. (2021). Hence, 

the five-point Likert scale was used in this study. 

Academics and industry players with some considerable level of experience and knowledge in 

PPP and/or SI in developing nations were included in the survey population. Convenience and 

snowball sampling strategies were utilised in this survey under non-probability sampling to 

obtain a representative sample size, as in earlier construction management studies by 

Ahmadabadi and Heravi (2019), Darko et al. (2018), Zhang et al., (2011), and Mao et al., 

(2015).  

Accordingly, o250 questionnaires were distributed. Eventually, 104 completed questionnaires 

were returned. Hence, the response rate was 41.6%. However, only 100 questionnaires were 

used in the analysis as there were 4 incomplete questionnaires. Table 1 displays the respondent 
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profiles of the expert interviewees and the survey respondents. The analysis of the profile of 

the respondents of the survey reflected in Table 1 below highlights that only experienced 

professionals responded to the questionnaire, which provides validity to the set of collected 

data. An equal number of respondents from both the public and private sector were also 

recorded. These respondents represented 7 developing nations (Sri Lanka, India, Pakistan, 

Nigeria, Ghana, Iran and Malaysia). The respondents were from these 7 developing nations 

because, the sampling methods adopted in this study were convenience sampling and snowball 

sampling. This may be considered a limitation of this study, which was due to time and budget 

constraints. However, these 7 developing nations are very prominent in the application of PPP 

in SI and provided sufficient and representative findings for this study. According to Dykes 

and Jones (2016) and Osei–Kyei and Chan (2016), PPPs are timely for the governments in the 

Sub-Saharan countries like Nigeria and Ghana where there are more potentially useful 

applications of PPP for infrastructure developments at this time. A similar view was presented 

by Sharma (2023) for Asia Pacific countries like Sri Lanka, India, Pakistan, and Malaysia. 

Hence, it is confirmed that the countries from which data was collected, do apply PPP on a 

large scale for developing infrastructure and the respondents have sufficient experience in the 

application of PPP in SI and normal infrastructure developments as confirmed in Table 1 too. 

[Table 1: Profile of expert interviewees and survey respondents] 

4.2.5 Model validation 

The models were validated quantitatively using the parameters presented in section 5.1, while 

a qualitative validation of the developed models was also carried out in this study. According 

to Liu et al. (2014), the trend of using case studies to validate research conducted under 

construction topics has gradually increased. Therefore, a case study, which deployed PPP in 

delivering SI in a developing country (Colombo, Sri Lanka) was selected to validate the 
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developed models. A single case study was selected not just because of the limited availability 

of PPP involved SI developments in developing regions/nations, but as this particular case is a 

good example that conveys various aspects of the issues that emerge and how they may be 

dealt with. This case study project pertains to delivering a smart mini-city (a ‘port city’) using 

PPP and is a crucial component of China's Belt and Road Initiative (BRI), hence one of the 

flagship projects in this mega-programme, apart from being of great significance to Sri Lanka. 

The project is worth USD 1.4 billion and spans 269 hectares of reclaimed land from the sea. 

Semi-structured interviews were conducted to gather data from the case study among the 

experts involved in the PPP-based SI development project. The selected respondents from the 

case study were interviewed according to a semi-structured interview guideline, which 

consisted of three (3) sections. In Sections A and B, the background information of the 

interviewees and the details of the project were captured consecutively. The expert 

interviewees, who participated in the case study includes a project mechanical, electrical and 

plumbing (MEP) manager (I1), who has gained experience for 17 years, a project architect (I2) 

with 12 years’ experience and a town planner (I3) who has acquired experience for 11 years. 

The identified B&A, BA, RS&EF and the developed models were validated, and further 

improvements required for the model were gathered from Section B. Moreover, the 

applicability of the developed models and expert views on the applicability of the factors 

identified for the success of SI development projects involving PPP, were also investigated 

with reference to the case studies. 

4.3 Data Analysis 

The data captured through the expert interviews were analysed using the content analysis 

technique while structural equation modelling (SEM) method was utilised in this study to 

analyse data gathered through the questionnaire survey. As a prominent multivariate statistical 
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tool, SEM has gained a lot of prominence (Xiong et al., 2015). Also, as a general linear model, 

SEM technique is used to examine relationships between dependent and independent variables. 

SEM analyses the structure of interactions between variables by combining factor analysis, 

multiple regression analysis, and path analysis (Hair et al., 2019; Ullman, 2006). These 

variables can include both observed or unobserved variables. Because the benefits of SEM 

include calculating a large number of interconnected dependencies, there has been a rise in the 

application of SEM in the context of construction management investigations (Li et al., 2020; 

Darko et al., 2018; Ekanayake et al., 2021; Hon et al., 2014; Seo et al., 2015; Zahoor et al., 

2017; Chen et al., 2012). Therefore, for this particular study, SEM was chosen as the most 

suitable method to draw inference and appreciate the data. Given its versatility (Sarstedt et al., 

2014), PLS-SEM was used in this work to do both exploratory and confirmatory research aimed 

at making predictions. In addition, Hair et al. (2019) elucidated that PLS-SEM is suggested 

while working with a small sample size.  

The sample size used in this study was satisfactory as the recommended sample size to satisfy 

the central limit theorem is 30 (Darko et al., 2018; Ott and Longnecker, 2010). Furthermore, 

because SI advancements have yet to be broadly embraced in developing nations, the number 

of experienced people in this field is limited, so the ‘population size’ is small. According to 

Hair et al. (2019), a “PLS-SEM minimum sample size should be equal to the larger of the 

following: (1) ten times the largest number of formative indicators used to measure one 

construct or (2) ten times the largest number of structural paths directed at a particular latent 

construct in the structural model” (p.144). However, this method can produce erroneous 

estimations of the minimal sample size (Kock and Hadaya, 2018; Goodhue et al., 2012). Hence, 

the minimal R-squared technique (the coefficient of determination) was adopted in this study 

to validate the number of samples. Hair et al. (2014) explained that the sample can be validated 

based on reliability if the R-squared value is more than 0.3. Based on this, the number of 
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responses selected for this analysis was validated.  Several studies have employed a SEM 

technique with a lower sample size than necessary to confirm their own structures, such as 

(Ozorhon et al., 2010; Yuan et al., 2011 and Ahmadabadi & Heravi, 2019). As explained by 

Kock and Hadaya (2018), smaller sample sizes can be used in applying PLS-SEM, if a 

researcher knows in advance that all ’the path coefficients of a model will be strong, resulting 

in large effect sizes. 

5. Research Findings and Discussion 

The results of the PLS-SEM analysis are reported in this section. Three models were built, 

based on the B&E, BA, and RS&EF, 

5.1 Evaluation of measurement models  

The factors, which were considered in evaluating the measurement models of B&E, BA, and 

RS&EF are included in Table 2. Cronbach's alpha, Rho A, Composite reliability, and AVE 

were used to evaluate the validity and the reliability of the constructs in the three models.  

[Table 2: Constructs` reliability and validity measures of the developed models] 

Variables that recorded factor loadings less than 0.5 were eliminated in all 3 models as 

explained in Liu and Wang (2020) to improve the models’ reliability and validity. A rerun was 

then conducted to generate a more accurate and reliable models. Since reflected measuring is 

used primarily in this study, a strong correlation among the constructs is seen. According to 

Hair et al. (2014), in such cases, the general meaning of the construct can be preserved even if 

some of the metrics are left out. Nunnally (1978) therefore proffered that items with low factor 

loadings have insignificant influence on the model's explanatory power and may even produce 

erroneous estimates. Accordingly, PLBE 8 and FEBE 2 were removed from the B&E model, 
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FB 2, FB6, LSPB 4, LSPB 11, LSPB 12, SB 6, TB 2, TB 3 and TB 7 were removed from the 

BA model and SRF 2 was removed from the RS&EF model. 

The coefficients recorded in these models were all greater than or close to 0.70 which is deemed 

satisfactory. Considering the AVE, it can be determined that the constructs' convergent validity 

is also satisfactory. Exhibiting a 50% of the variance in the measurement items, all factor 

loadings and AVEs are greater than 0.50. This is also an accepted level, which demonstrates 

reliability of the measurement items.  

Table 3, 4 and 5 shows the constructs' discriminant validity of the developed models. 

[Table 3: Discriminant validity of the constructs of the B&E model] 

[Table 4: Discriminant validity of the constructs of the BA model] 

[Table 5: Discriminant validity of the constructs of the RS&EF model] 

Each latent construct's AVE value was higher than its maximum squared correlation with 

another construct, as indicated in Table 3, 4 and 5. The inference was that the Fornell-Larcker 

criterion was met. It was also established that the constructs had discriminant validity since the 

cross-loadings were lower than the factor loadings for each construct. These criteria, as 

mentioned above, mean that the reliability and validity of the measurement model are 

satisfactory. 

5.2. Evaluation of structural models  

The results of the bootstrapping (a statistical technique that involves resampling a single dataset 

to generate several simulated samples) for the B&E, BA and RS&EF structural models are 

presented in Table 6, as well as the distinction between S1, S2, and S3, since the constructs are 

indeed found to affect different stakeholders to varying degrees, as hypothesised in Fig. 3. 
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[Table 6: Bootstrapping results for the models] 

The t-values for the pathways 'FEBE and S1', 'PLBE and S2', 'PLBE and S3', 'SBE and S1', 

'TBE and S1', and 'TBE and S2' in Table 6 were higher than 2.56. The inference was that these 

relationships are significant at the 0.01% threshold of statistical significance. Consequently, it 

also meant that HE2a, HE1b, HE1c, HE4a, HE3a, and HE3b were appropriately supported. 

The t-value for the path linking SBE and S3 is greater than 1.96, depicting statistical 

significance at the 0.05 level. This meant that HE4c was well-supported as well. A high route 

coefficient indicates a more significant relationship between the variables (Darko et al., 2018; 

Aibunu and Al-Lawati, 2010). In that regard, the path between 'PLBE and S3' is the strongest 

link. The insignificant links are depicted by dashed lines in Figure 5. The R2 values of the 

dependent variables were higher than 0.3 in the B&E model, thereby supporting the model's 

quality and prediction accuracy. 

Examining the BA model t-values, six paths had t-values greater than 2.56. Those paths are 

LSPB- S1, LSPB- S2, SB- S1, SB- S2, and TB- S3. Consequently, HB2a, HB2b, HB3a, HB3b, 

HB3c, and HB4a received the necessary support. The pathway that links FB and S3 exhibits a 

t-value exceeding 1.96, thereby signifying statistical significance at the 0.05 level. 

Consequently, HB1c was also supported adequately. The strongest path can be seen between 

LSPB and S2. Figure 6 illustrates the insignificant paths with dashed lines. The model's quality 

and prediction accuracy may be further substantiated, since the R2 of the dependent variables 

was more than 0.3. 

The t-values of the RS&EF model, for the paths of the connecting FREF to S2, FREF to S3, 

LREF to S2, LREF to S3, SREF to S1, SRF to S3, and TREF to S1 were all greater than 2.56. 

This suggests that these paths are statistically significant at the 0.01-percent significance level. 

Consequently, the hypotheses HR5a, HR5b, HR2b, HR2c, HR1a, HR4c, and HR3a 
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were supported. The path connecting SRF to S2 and TREF to S3 also recorded a t-value greater 

than 1.96, indicating statistical significance at the 0.05 level. Therefore, HR4b and HR3c 

were adequately supported. Notably, the strongest path is observed between TREF and S1. The 

insignificant trajectories are visually represented in Figure 7 using dashed lines. Furthermore, 

the R2 values of the dependent variables, which exceed 0.3, provide additional confirmation of 

the model's quality and predictive accuracy. 

The resulting PLS-SEM model of the B&E, BA and RS&EF are shown in Figure 5, 6 and 7 

respectively. 

[Figure 5: B&E model] 

[Figure 6: BA model] 

[Figure 7: RS&EF model] 

6. Model Validation (Findings of the Case Study) and discussion of the results of the 

models 

In this section, initially, the findings of the developed models are discussed and next, validation 

of the three (3) developed models for developing regions/nations are discussed in three 

respective sections. Model validation was discussed in three (3) separate sub-sections 

explaining how the factors affect S1, S2 and S3.  The numbers provided within brackets in each 

subsection below represent the t-value obtained from PLS-SEM analysis for each respective 

instance. 

6.1 B&E for adopting PPPs in smart infrastructure development projects in developing 

nations 

6.1.1 Evaluation of the Findings of the B&E model 



22 

 

The findings for B&E are summarised in Table 7 according to the impact on S1, S2 and S3 in 

developing nations. Important factors impacting S1, S2, and S3 are highlighted in Table 7. 

[Table 7: Summary of the findings for B&E] 

Considering S1 in a developing country, "technical B&E” (TBE) has been identified as the 

most influential factor. The effect of “financial and economic B&E” (FEBE) on S1 is also 

apparent, and this consequentially affects the acceptance and success of PPP in SI initiatives in 

developing countries. Given the limited technical competence and funds within the public 

sector, it is also evident that TBE and FEBE serve primarily as B&E for S1. As explained by 

Siokas et al. (2022), as SI required advanced technological applications, incorporating PPP 

would benefit the public sector as the private party is more upfront in introducing new 

technology to the field. The importance of FEBE for the public sector, which can be gained 

through pooling resouces with the private sector was also discussed in Lam and Yang (2020). 

Further, it was observed that “social B&E” also has a considerable impact on S1. Nevertheless, 

it is evident that the “political and legal B&E” will not have a significant impact on S1, as they 

may not require any “political and legal B&E” (PLBE) to embrace PPP in SI developments, as 

they already have the authority.  

It is obvious that the PLBE have a major influence on S2, which has significant implications 

for the widespread use and successful outcome of PPP in SI development activities 

in developing countries. This is probably due to the fact that private companies are eager to 

obtain PLBE for their projects while simultaneously meeting a public need. This factor was 

also notably mentioned in Castelblanco et al. (2022). The TBE has the second-highest impact 

on S2, while the SBE and FEBE have no significant impact. This can arise from the private 

sector already having the capital to create and carry out the kinds of projects that PLBE 

mandates. It can be determined that the PLBE have a considerable influence on S3, while the 
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SBE have the second highest influence. On the other hand, FEBE and TBE have no substantial 

effect on S3. This may be because end-users are more interested in PLBE because PLBE are 

required for project execution, while they also require SBE. 

6.1.2 Model Validation: Findings of the case study 

Public sector satisfaction (S1)  

The expert interviewees from the project mentioned that “financial and economic B&E” is the 

most significant category, which affects S1. However, it was explained that “technical factors” 

also affect S1 as the government and public sector organisations do not have the required 

technical-know-how to develop SI. According to I3 “many public sector organisations are not 

familiar with advanced technological applications and how to manage them in developing SI 

generally in developing nations”. This provides validation for the developed PLS-SEM model 

presenting the causal relationship between B&E and S1 as there is no significant difference 

between the technical ‘benefits & enablers’ (t-value = 4.506) and financial and economic B&E 

(t-value = 4.216). 

Private sector satisfaction (S2) 

“Political and legal B&E” were determined by the expert interviewees as the most significant 

category for S2. This validates the causal relationship between S2 and the B&E in the 

developed PLS-SEM model for B&E as they also present “political & legal B&E” (t-value = 

5.442) as the most significant category among the B&E affecting S2. This is because the private 

sector is looking for a favourable work environment in a PPP contract in the host country. As 

explained by I1 “private sector mainly looks at the political stability and the political views 

about PPP in the country to avoid political challenges in the future”. Moreover, the experts 

mentioned that the private sector looks more carefully into the “political B&E”, especially in 
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SI developments in developing nations as there may be more risks inherent in such 

developments compared to traditional infrastructure developments. 

End-user satisfaction (S3) 

The interviewees explained that the citizens in developing nations are more interested in 

projects with useful outcomes similar to those in developed nations. According to I2, “the end-

users in developing nations like the benefits that they receive from the development projects”. 

Hence, the citizens tend to look at the best political environment to gain more development 

improving their quality of life. Further, this reflects the importance of “social B&E” for the 

citizens or the end-users. Therefore, the PLS-SEM model developed illustrating the 

relationship between B&E and S3 in developing nations can also be deemed validated, since 

“political and legal B&E” (t-value = 12.898) and “social B&E” (t-value = 2.453)’ were 

identified as the most significant categories affecting S3 in developing nations. 

6.2 BA to adopting PPPs for Smart Infrastructure Development projects in developing 

nations 

6.2.1 Evaluation of the Findings of the BA model 

Table 8 provides an overview of BA results for developing countries based on its effect on S1, 

S2, and S3. Measurement items of the BA identified in this research were found to be 

significant given that they all had a substantial impact on the model's constructs. Significant 

parameters impacting S1, S2, and S3 are highlighted in Table 8. 

[Table 8: Summary of the findings for BA] 

Social barriers (SB) were identified as most influential factor category affecting S1 satisfaction 

in developing countries. This implies that citizens should always be considered vital project 
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stakeholders by the public sector. According to Staletić et al. (2020), citizens are considered as 

an important part of the development of smart initiatives. Hence, the government or the public 

sector cannot ignore the barriers raised by the general public. The second paramount influential 

factor category was legal and social-political barriers (LSPB). S1 was not affected by technical 

and financial hurdles, which will have an influence on the success of PPPs in SI projects in 

developing nations.  

Regarding S2, it is evident that LSPB makes the most difference. Several LSPBs, such as an 

unstable legal PPP structure, hurdles to transferring management control of assets and/or 

repatriating finances, and frequent policy shifts all play an integral part in this phenomenon in 

a developing country. Muleya et al. (2020) also explained a similar perspective in their study 

on the application of PPP in Zambia, which is also a developing nation. Similar to S1, it is 

evident that SB has a significant impact on S2 as well. This can be expected as citizens are a 

principal category of stakeholders in a SI project. It was also revealed that TB had the greatest 

impact on S3. This may be due to the TB in the use of SI, and if there are a large number of 

TB, the project will fail, negatively impacting S3. Mondschein et al. (2021) also viewed smart 

cities as largely technology-intensive centres, where citizens require the technical knowledge 

to handle the developed SI. Although SB and FB were shown to have a significant effect on 

S3, it was deduced that LSPB had little to no effect on S3. This was to be expected, since public 

and private sector end users are not required to take LSPB into account in their operations. 

6.2.2 Model Validation: Findings of the case study 

Public sector satisfaction (S1) 

When considering the BA, the experts from the project mentioned that there are many “social 

BA” affecting S1 was raised in their project. The experts explained that BA arose because of 

the involvement of a foreign party as the investor and because of the development being carried 
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out by that party as well. Hence, it is clear that “social BA” arise in developing SI through PPP. 

According to I1 “the citizens do not know the advantages that they receive because of the 

involvement of the private partner in the project”. Moreover, the experts mentioned that there 

are some “legal and political BA” as well in the system of their project as well. This was mainly 

because of the political instability. Therefore, the experts validated the PLS-SEM models 

developed for the BA affecting S1 in developing nations as it was identified that the “social 

BA” influence the most (t-value = 4.000) while, “legal and socio-political BA” (t-value = 

3.637) is the next factor category to affect S1. 

Private sector satisfaction (S2) 

Through the case study, “legal and socio-political BA” were determined as the main factor 

category among the BA influencing the private sector. The private sector interviewee who 

participated in the case study interviews mentioned that there are many “legal and political 

BA” affecting S2. These BA included political instability, political influence and unavailability 

of rules and regulations in overcoming the political volatility in the projects. Moreover, this 

interviewee explained that there are “social BA” to the project affecting S2 as well, which arise 

due to the lack of knowledge among the citizens about the advantages of the project and the 

use of PPP in the development. Therefore, the experts validated the PLS-SEM models 

developed for the BA affecting S2 in developing nations as it was identified that the “legal and 

socio-political BA” (t-value = 11.880) influence the most and secondly, “social BA” (t-value 

= 3.208) affect S2. 

End-user satisfaction (S3) 

The expert interviewees believed that the end-users do not have the required technical know-

how to operate or use the developed SI in a developing country. Hence, the experts confirmed 

that “technical BA” affect S3, especially in SI developments. Further, the interviewees 
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explained that the “social BA” also influence S3 as there can be some parties who are triggering 

public protests without any valid reasons. Hence, the experts mentioned the importance of the 

correct flow of information directly from the developers to the end-users. Explaining the above, 

the experts validated the PLS-SEM models developed for the BA affecting S3 in developing 

nations as it was identified that the “legal BA” (t-value = 9.020) influence the most and 

secondly, “social BA” (t-value = 3.018) affect S3 in developing nations. 

6.3 RS&EF for improving PPPs in delivering smart infrastructure in developing 

nations 

6.3.1 Evaluation of the Findings of the BA model 

Table 9 highlights the RS&EF results for developing countries based on the effect on S1, S2, 

and S3. The measurement items of the BA identified in this research were found to be reliable 

since they all had significant effects on the model's constructs. The highlighted positions in 

Table 9 reveal the most influential factors of S1, S2 and S3. 

[Table 9: Summary of the findings for RS&EF] 

Under the RS&EF, it is evident that TREF and SREF affect S1 more substantially. PPP 

arrangements are more likely to be effective and have a positive impact on S1 if they undergo 

periodic high-level reviews and corrective measures throughout the project's entire delivery 

process, if minimum functional needs are defined with the appropriate technical specifications, 

and if contracts are organised, fair and enforceable, for example, SREF have the second largest 

impact on S1, which emphasises the significance of managing stakeholders in PPP 

developments. As explained in the Literature Review, there are many stakeholders involved in 

SI developments (Ferraris et al., 2020). Regarding S2, LREF is the most influential factor. This 

is because the private sector is increasingly cognisant of relevant legal factors and their 
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implications. In addition to LREF, FREF and SRF have an impact on S2. LREF is the most 

significant construct influencing S3, while all other constructs also have a significant impact 

on S3. This indicates that the S3 will rely on each identified construct. 

6.3.2 Model Validation: Findings of the case study 

Public sector satisfaction (S1) 

“Technical related RS&EF” were identified as the most significant factor affecting S1 in 

developing nations by the expert interviewees. The experts explained that it is required to 

improve the specifications in the contracts and to do the bidding procedure more transparently. 

According to I1 “if the contracting process is more transparent there will be fewer problems in 

handling the public protests due to the involvement of the private sector”. Moreover, 

disseminating required knowledge and proper communication with the public, which are 

related to social factors, was also identified as important for the success of the project. 

Therefore, the experts validated the PLS-SEM model developed for the RS&EF affecting S1 

in developing nations as it was also identified that the “technical related factors” (t-value = 

8.579) and “social related factors” (t-value = 3.577) significantly affect S1. 

Private sector satisfaction (S2) 

For S2, the expert interviewees explained that “legal and political RS&EF” affect it the most. 

As per the interviewees, a supportive legal framework, proactive national policy for PPP in SI 

development and ensuring project continuity through a long-term commitment would enhance 

the success of PPP in SI development projects. Moreover, to the interviewees, the private sector 

will also be satisfied with the “financial related RS&EF” as they will affect the return on 

investment. The interviewees also mentioned that it is important to have a good stakeholder 

management procedure for S2 as well. Explaining the above, the experts validated the PLS-
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SEM model developed for the RS&EF affecting S2 in developing nations as it was also 

identified that the “legal & socio-political related factors” (t-value = 4.594), “financial related 

factors” (t-value = 3.364) and “stakeholder related factors” (t-value = 2.425) affect significantly 

on S2. 

End-user satisfaction (S3) 

For S3, the interviewees from the project mentioned the significance of “stakeholder related 

factors”. Effective stakeholder management process and clarity of the roles and responsibilities 

were identified as important among the “stakeholder related factors”. The experts explained 

that all the factor categories mentioned under RS&EF were important to S3 as the combination 

of all those factors gives the end-users the best outcome. Explaining the above, the experts 

validated the PLS-SEM model developed for the RS&EF affecting S3 in developing nations as 

it also identified that the “stakeholder related factors” (t-value = 8.101), “legal & socio-political 

related factors” (t-value = 6.186), “financial related factors” (t-value = 4.744), “social related 

factors” (t-value = 2.577) and “technical related factors” (t-value = 2.221) affect S3 

significantly in developing nations. 

7. Theoretical contributions and practical implications of the study 

There is a lack of research studies on the evaluation of the factors which would affect SI 

developments involving PPPs especially in developing countries. This lack of research is seen 

to be in both breadth and depth of coverage. Hence, this study will contribute to the theory by 

means of quantitative evaluation and modelling of the factors impacting the result of PPP 

involved SI projects. The developed models can be utilised by project managers, policymakers, 

and decision-makers in the planning stage of the project, pointing to useful practical 

applications of these study findings.  Policymakers and decision-makers could now benefit 

from this sound and better-informed basis for reducing and factoring in the project complexities 
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and in managing the stakeholders of the project, which is a precursor to success. The industry 

practitioners, especially the project managers, could use the mapping of the factors provided in 

this study as a sound basis for establishing best practice guidelines in collaborating with the 

many other actors involved in a PPP SI project as well. 

8. Conclusions 

PPP in SI development is crucial in developing nations, where governments typically lack 

sufficient financial resources. There are various factors that have influenced PPP use in SI 

innovations as SI development involves a larger array of technological, financial, and human 

resources when compared to normal infrastructure developments. Since there is a paucity of 

quantitative research on the impacts of these factors, this study aimed at examining the factors 

influencing the effectiveness of PPP in SI initiatives specifically focusing on developing 

countries. In this study, success of the PPP involved SI projects were measured based on three 

factors: public sector satisfaction (S1), private sector satisfaction (S2), and end-user satisfaction 

(S3). PLS-SEM was used to evaluate and model the causal relationships of the identified 

influencing factors.  

It has been determined that "technical B&E (TBE)" have a considerable impact on S1, while 

"political B&E" have the greatest impact on S2 and S3. “Social (SB)” is the most significant 

barrier construct for S1 among the BA, whereas “legal and sociopolitical” (LSPB) and 

“technical” (TB) are the most significant barrier constructs for S2 and S3, respectively. End-

users must possess the technical expertise required to operate the developed SI. As the majority 

of people in developing nations lack the necessary technical knowledge and skills, it is evident 

that technical barriers have the greatest impact on user satisfaction. The “Technical factor 

group” is the most significant construct among the recommended strategies for S1 and “legal 
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related factor group” is the most significant construct for S2 and S3. Therefore, it can be 

determined that different constructs impact on S1, S2 and S3.  

Through the results obtained in this study, it is seen that the private sector looks more into the 

political and legal background of the host country before entering into a PPP contract, while 

the public sector is more concerned about meeting the needs of the society. The end-users can 

be seen as a party who are more interested in the outcomes of the project, hence also interested 

in the political and legal factors, which drive their outcomes to be successful. Therefore, aiming 

at enhancing those factors, which have a larger influence on the success of PPP in SI 

development projects in developing nations, would enable prioritizing of relevant strategies in 

specific projects to boost the delivery of SI in developing nations. This integrated approach in 

boosting the enablers and recommended strategies and enhancing factors is a necessity for a 

successful PPP based SI project in a developing country. Further areas for productive research 

are opened up by the research and consequential findings presented in this paper. For example, 

this model can be tested in SI projects involving PPPs in specific developing nations and for 

different types of SI (e.g. roads systems, bridges, tunnels etc.), the outcomes being valuable for 

those domains as well as for comparisons.  
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Table 1: Profile of expert interviewees and survey respondents 

Profile of the expert interviewees 

Interviewee Designation Experience 

(years) 

Work Organisation 

I1 Lawyer and 

President’s 

Counsel 

Above 20 Private Developer 

I2 President, 

Chamber of 

Construction 

Industry Sri 

Lanka 

Above 20 Contractor 

I3 Town Planner 9 Government 

I4 Chief Financial 

Officer 

Above 20 Private Developer 

I5 Director/ CEO Above 20 Private Developer 

I6 Project 

Consultant 

18 Consultant 

I7 Senior Lecturer Above 20 Government 

I8 Senior Lecturer 16 Government 

I9 Deputy CEO 

(Finance) 

Above 20 Private Developer 

I10 Town Planner 12 Government 

Profile of the survey respondents 

Demographics 

 

Profession 

 

 

 

 

 

 

Sector type 

 

 

Experience 

(Years) 

Category 

 

Engineer 

Surveyor 

Town Planner 

Researcher 

Project Manager 

Architect 

Public Sector 

Private Sector 

Both Sectors 

Above 15 years 

10-15 years 

5-10 years 

Less than 5 years 

Number of 

responses 

34 

27 

7 

12 

11 

9 

38 

56 

6 

24 

37 

28 

11 

Percentage 

 

34% 

27% 

7% 

12% 

11% 

9% 

38% 

56% 

6% 

24% 

37% 

28% 

11% 
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Table 2: Constructs` reliability and validity measures of the developed models 

Constructs` reliability and validity measures of the B&E model 

Construct Measurement 

item code 

Factor 

loading 

Cronbach's 

alpha value 

Rho A Composite 

reliability 

AVE 

PLBE PLBE 1 0.696 0.863 0.866 0.895 0.549 

 PLBE 2 0.774 - - - - 

 PLBE 3 0.808 - - - - 

 PLBE 4 0.734 - - - - 

 PLBE 5 0.652 - - - - 

 PLBE 6 0.759 - - - - 

 PLBE 7 0.753 - - - - 

FEBE FEBE 1 0.750 0.661 0.682 0.801 0.510 

 FEBE 3 0.516 - - - - 

 FEBE 4 0.850 - - - - 

 FEBE 5 0.698 - - - - 

TBE TBE 1 0.745 0.783 0.793 0.852 0.537 

 TBE 2 0.795 - - - - 

 TBE 3 0.778 - - - - 

 TBE 4 0.598 - - - - 

 TBE 5 0.731 - - - - 

SBE SBE 1 0.787 0.830 0.836 0.880 0.596 

 SBE 2 0.780 - - - - 

 SBE 3 0.701 - - - - 

 SBE 4 0.793 - - - - 

 SBE 5 0.794 - - - - 

Note: PLBE 8 and FEBE 2 were removed because their factor loadings were below 0.50 

Constructs` reliability and validity measures of the BA model 

Construct Measurement 

item code 

Factor 

loading 

Cronbach's 

alpha value 

Rho A Composite 

reliability 

AVE 

FB FB 1 0.693 0.706 0.709 0.818 0.530 

 FB 3 0.712 - - - - 

 FB 4 0.753 - - - - 

 FB 5 0.752 - - - - 

LSPB LSPB 1 0.726 0.853 0.856 0.884 0.459 

 LSPB 2 0.650 - - - - 

 LSPB 3 0.644 - - - - 

 LSPB 5 0.690 - - - - 

 LSPB 6 0.729 - - - - 

 LSPB 7 0.687 - - - - 

 LSPB 8 0.647 - - - - 

 LSPB 9 0.674 - - - - 

 LSPB 10 0.640 - - - - 

SB SB 1 0.656 0.802 0.807 0.852 0.420 

 SB 2 0.653 - - - - 

 SB 3 0.634 - - - - 

 SB 4 0.753 - - - - 

 SB 5 0.647 - - - - 

 SB 7 0.643 - - - - 

 SB 8 0.569 - - - - 

 SB 9 0.618 - - - - 

TB TB 1 0.670 0.796 0.802 0.855 0.497 

 TB 4 0.733 - - - - 



41 

 

 TB 5 0.598 - - - - 

 TB 6 0.751 - - - - 

 TB 8 0.731 - - - - 

 TB 9 0.736 - - - - 

Note: FB 2, FB6, LSPB 4, LSPB 11, LSPB 12, SB 6, TB 2, TB 3 and TB 7 were removed because 

their factor loadings were below 0.50 

Constructs` reliability and validity measures of the RS&EF model 

Construct Measurement 

item code 

Factor 

loading 

Cronbach's 

alpha value 

Rho A Composite 

reliability 

AVE 

FREF FREF 1 0.933 0.832 0.838 0.922 0.856 

 FREF 2 0.917 - - - - 

LREF LREF 1 0.689 0.876 0.879 0.901 0.505 

 LREF 2 0.780 - - - - 

 LREF 3 0.787 - - - - 

 LREF 4 0.716 - - - - 

 LREF 5 0.732 - - - - 

 LREF 6 0.606 - - - - 

 LREF 7 0.684 - - - - 

 LREF 8 0.678 - - - - 

 LREF 9 0.707 - - - - 

SREF SREF 1 0.803 0.841 0.843 0.893 0.67 

 SREF 2 0.835 - - - - 

 SREF 3 0.815 - - - - 

 SREF 4 0.837 - - - - 

SRF SRF 1 0.801 0.537 0.561 0.759 0.515 

 SRF 3 0.706 - - - - 

 SRF 4 0.636 - - - - 

TREF TREF 1 0.764 0.797 0.801 0.857 0.503 

 TREF 2 0.735 - - - - 

 TREF 3 0.769 - - - - 

 TREF 4 0.764 - - - - 

 TREF 5 0.649 - - - - 

 TREF 6 0.544 - - - - 

Note: SRF 2 was removed because their factor loadings were below 0.50 

 

 

Table 3: Discriminant validity of the constructs of the B&E model 
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Table 4: Discriminant validity of the constructs of the BA model 

 

Table 5: Discriminant validity of the constructs of the RS&EF model 
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Table 6: Bootstrapping results for the B&E, BA and RS&EF models 

Bootstrapping results for the B&E model 

Paths Standard Deviation t-value p-value 

FEBE- S1 0.072 4.394 0.000 

FEBE- S2 0.118 1.670 0.095 

FEBE- S3 0.095 0.933 0.351 

PLBE- S1 0.063 1.521 0.128 

PLBE- S2 0.079 5.476 0.000 

PLBE- S3 0.058 13.124 0.000 

SBE- S1 0.082 3.056 0.002 

SBE- S2 0.064 1.204 0.229 

SBE- S3 0.077 2.447 0.014 

TBE- S1 0.087 4.520 0.000 

TBE- S2 0.096 3.240 0.001 

TBE- S3 0.092 0.723 0.470 

Bootstrapping results for the BA model 

Paths Standard Deviation t-value p-value 

FB- S1 0.073 1.644 0.100 

FB- S2 0.089 0.710 0.478 

FB- S3 0.089 2.095 0.036 

LSPB- S1 0.122 3.647 0.000 

LSPB- S2 0.055 11.820 0.000 

LSPB- S3 0.116 0.124 0.901 

SB- S1 0.108 3.920 0.000 

SB- S2 0.092 3.122 0.002 

SB- S3 0.091 3.001 0.003 

TB- S1 0.061 0.716 0.474 

TB- S2 0.069 1.321 0.186 

TB- S3 0.095 8.968 0.000 

Bootstrapping results for the RS&EF model 

Paths Standard Deviation t-value p-value 

FREF - S1 0.059 0.541 0.589 

FREF - S2 0.085 3.330 0.001 

FREF - S3 0.089 4.782 0.000 

LREF - S1 0.066 0.268 0.789 

LREF - S2 0.098 4.514 0.000 

LREF - S3 0.099 6.214 0.000 

SREF - S1 0.068 3.624 0.000 

SREF - S2 0.107 1.088 0.276 

SREF - S3 0.114 1.612 0.107 

SRF - S1 0.071 1.549 0.121 

SRF - S2 0.070 2.509 0.012 

SRF - S3 0.112 2.583 0.010 

TREF- S1 0.075 8.696 0.000 

TREF- S2 0.103 0.315 0.752 

TREF- S3 0.089 2.220 0.026 
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Table 7: Summary of the findings for B&E 

Code t-values Construct 
Rank for the impact 

S1 S2 S3 

PLBE 3 26.842 

PLBE 4 (1.480) 1 (5.423) 1 (13.214) 

PLBE 2 15.161 

PLBE 4 14.891 

PLBE 6 11.107 

PLBE 7 10.686 

PLBE 1 8.688 

PLBE 5 6.520 

FEBE 4 25.503 

FEBE  2 (4.278) 3 (1.674) 3 (0.942) 
FEBE 1 9.209 

FEBE 5 6.116 

FEBE 3 5.524 

TBE 5 17.528 

TBE  1 (4.566) 2 (3.270) 4 (0.743) 

TBE 1 12.989 

TBE 2 9.679 

TBE 3 8.758 

TBE 4 6.735 

SBE 5 16.943 

SBE  3 (3.040) 4 (1.182) 2 (2.393) 

SBE 4 14.954 

SBE 2 13.134 

SBE 3 11.839 

SBE 1 10.446 
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Table 8: Summary of the findings for BA 

Code t-values Construct 
Rank for the impact 

S1 S2 S3 

FB 5 12.049 

FB 3 (1.609) 4 (0.727) 3 (2.060) 
FB 4 11.797 

FB 1 10.323 

FB 3 7.420 

LSPB 1 13.244 

LSPB 2 (3.560) 1 (11.914) 4 (0,124) 

LSPB 7 10.840 

LSPB 9 10.351 

LSPB 2 9.718 

LSPB 8 9.665 

LSPB 5 9.329 

LSPB 6 8.932 

LSPB 10 7.669 

LSPB 3 7.194 

SB 4 14.449 

SB 
1 (3.920) 2 (3.145) 2 (2.909) 

SB 3 9.681 

SB 2 9.567 

SB 1 9.009 

SB 5 8.939 

SB 7 7.974 

SB 9 7.324 

SB 8 6.887 

TB 1 9.129 

TB 
4 (0.713) 3 (1.346) 1 (8.733) 

TB 4 11.276 

TB 5 7.550 

TB 6 14.610 

TB 8 10.106 

TB 9 13.788 
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Table 9: Summary of the findings for RS&EF 

Code t-values Construct 
Rank for the impact 

S1 S2 S3 

SREF 4 21.659 

SREF 3 (1.613) 4 (1.068) 3 (3.626) 
SREF 3 20.625 

SREF 2 20.615 

SREF 1 19.363 

LREF 1 8.777 

LREF 1 (6.072) 1 (4.534) 5 (0.268) 

LREF 2 16.702 

LREF 3 12.384 

LREF 4 15.265 

LREF 5 14.853 

LREF 6 8.244 

LREF 7 7.243 

LREF 8 11.609 

LREF 9 9.593 

TREF 4 13.476 

TREF 2 (2.236) 5 (0.3004) 1 (8.587) 

TREF 1 12.716 

TREF 2 12.544 

TREF 3 11.929 

TREF 5 6.814 

TREF 6 4.496 

SRF 1 7.382 

SRF 4 (1.532) 3 (2.505) 4 (2.590) SRF 3 5.955 

SRF 4 3.276 

FREF 1 59.605 
FREF 5 (0.550) 2 (3.317) 2 (4.772) 

FREF 2 35.378 
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Figure 2: Hypothesised research framework for the study 
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Figure 2: Proposed constructs and their associated measurement items 
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Figure 3: A series of research hypotheses established for the study  
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Figure 4: Hypothetical model of the research study 
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Figure 5: B&E model after PLS-SEM analysis 
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Figure 6: BA model after PLS-SEM analysis 
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Figure 7: RS&EF model after PLS-SEM analysis 

 

 

 




