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Abstract 

Power transmission (PT) projects, as an essential link between power generation and 

distribution, play a vital role in the development of a country. To develop a clear 

understanding and identification of the critical idiosyncratic causes of delays in PT 

projects, for the first time, a model is developed to reflect the collective effects of 46 

indicators under 10 factors. Based on the extended literature review and 18 sector 

experts’ recommendations, this study introduces two new factors - i) a sector specific 

factor (SSF) and ii) a general factor (GF), where SSF pertains the uniqueness of PT 

project delay characteristics and GF drives a less biased data sample. Structural equation 

modeling (SEM) is used to test and validate the hypothesized model based on 311 valid 

questionnaire surveys. The validated model establishes SSF and GF as the most critical 

factors in PT project delays. With the clear insights provided by these findings, this study 

is expected to have a substantial influence on professionals in minimizing PT and other 

linear (power and non-power) project time overruns worldwide. 

Keywords: power transmission projects, project delay, causes of delay, time overruns, 

structural equation modeling. 

Introduction 

Since the industrial revolution, electrical power is the key to any development and its demand is 

expected to more than double by 2040. In addition to the nuclear and other traditional resources, now-

a-days, the renewable energy sources are significantly contributed towards the targeted/forecasted 

power generation of 40,000 TWh (terawatt hour) by 2040 (International Energy Agency 2014). The 

effective use of this bulk-generated power by the end users depends on its functional and efficient 

transmission because most of the power generation units are located far from the industrialised regions 

(Liu et al. 2013). So, a significant increase in PT projects in near future is apparent to streamline the 

effective transmission of the generated forecasted electricity to the end users. Therefore, timely 

completion of PT projects is crucial because without a reliable PT link power generation and distribution 

system is essentially disabled and, hence, most of the countries in the world are very keen to complete 

their power sector projects in time (Pall et al. 2016). Moreover, flexible financial supports are available 

from the development partners for the PT sector development, but the intended benefits are partly or 

never realised due to the frequent delay in PT projects completion (Gharaibeh 2013). Hence, the timely 

completion of PT projects can significantly contribute towards the betterment of human civilisation. 

The existence of high voltage transmission line (TL) and its right of way (RoW) issues makes 

the PT project management challenging and pointedly different from any other linear power (generation 

and distribution) and non-power construction projects (Pall et al. 2016). Also, careful planning is 

essential for the PT projects management because they are usually located in remote areas, away from 

existing establishments such as electricity and water supplies (Wu et al. 2006). Despite the criticality of 

PT projects, the research on the PT projects schedule management is embryonic and has not revealed 
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all the key indicators involved. More specifically, a comprehensive literature review exposed and 

suggested an empirical investigation into the causation and relationships between the delay indicators 

involved in PT projects implementation because PT projects have their own idiosyncratic indicators of 

delay beyond power generation, power distribution, and other non-power linear construction projects 

(Pall et al. 2016).  In response, this study aims to quantify the potential effects of the indicators 

contributing to PT project delays worldwide. The paper is significant because of the recurring failure to 

implement PT projects in a timely fashion and the lack of clarity in identifying critical delay constructs. 

In the event of an ongoing and upcoming boom in PT projects, addressing such chronic problems is 

becoming imperative. This research also contributes to the methodological construct by describing the 

application of Structural Equation Modeling (SEM) in the problem domain and presenting a precise 

framework for understanding the complex interactions involved.  

In section 2, we develop the latest literature concerning the indicators that contribute towards 

delay in PT projects based on the comprehensive review of causes of delays in PT projects (Pall et al. 

2016). This is followed by details relating to the research method, in which the study setting and context 

is given along with details of the preparation of the research instrument for sampling, theoretical 

framework of the study and research model specifications. The results and discussion follow, Section 

4, in which the data samples are presented and the model parameters and validation are evaluated. This 

study concludes by evaluating the overall contributions of the study, acknowledging its limitations, and 

suggesting future research potential. 

Literature review  

If a PT project delays, it makes the related power generation and power distribution projects essentially 

disabled as a result the power sector (and/or the country) losses their revenue. Considering the criticality 

of PT projects, Pall et al. (2016) provide a comprehensive literature review of 67 published papers 

relating to the indicators of delays in PT projects that forms the cornerstone of this study. We applied 

Pall et al.’s (2016) approach in terms of criteria and journal search to update their review. In brief, there 

is still no empirical study of PT projects delay, although a further 27 related articles were found – 

comprising one article relating to linear power projects (power generation) and 26 non-power linear 

construction projects (Arantes et al. 2015; Abu Hassan 2016; Asiedu and Alfen 2016; Aziz and Abdel-

Hakam 2016; Bagaya and Song 2016; Kim et al. 2016; Lindhard et al. 2016; Manzur et al. 2016; Rao 

et al. 2016; Samarghandi et al. 2016; Soeng and Santoso 2016; Adam et al. 2017; Aditya et al. 2017; 

Agyekum-Mensah and Knight 2017; Aje et al. 2017; Amoatey and Alfred Nii Okanta 2017; Babatunde 

et al. 2017; Batool and Abbas 2017; Durdyev et al. 2017; Famiyeh et al. 2017; Georgy et al. 2017; Jalal 

and Shoar 2017; Kumar 2017; Mpofu et al. 2017; Oyegoke and Kiyumi 2017; Sambasivan et al. 2017; 

Shahhossein et al. 2017). In summary, the updated literature review of 94 (67+27) papers, comprises no 

further studies on delays to PT, power distribution, petrochemical construction, groundwater 

construction, oil and gas line construction, and bridge construction projects, one further study on power 

generation projects, two further studies on building construction projects, four further studies on 

highway/road construction projects and 20 further studies on other construction projects. Upon 

reviewing of the literature, it was found that the grouping of the delay indicators in this additional 27 

literature are explicitly included in the indicators and groupings established in Pall et al. (2016). That 

is, 82 delay indicators in nine major groups of delay constructs: comprising, Group 1: 

Administrative/corporate related issues; Group 2: Employer/owner related issues; Group 3: Contractor 

related issues; Group 4: Consultant related issues; Group 5: Drawing related issues; Group 6: Materials 

related issues; Group 7: Equipment related issues; Group 8: Labor/worker related issues; and Group 9: 
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External/miscellaneous (Pall et al. 2016).  

SEM is used to quantify the effects of the above groups/constructs causing delay in PT projects, 

as it is widely used for quantifying interdependent relationships between latent or independent variables 

(Molennar et al. 2000; Hair JF, Jr. et al. 2014a). . SEM analysis comprises two components, i.e., 

measurement components and structural components. The measurement model incorporates a 

confirmatory factor analysis (CFA) that is concerned with how well the latent variables (constructs – 

not measureable directly) are represented by the observed/manifest variables (indicators – directly 

measureable). The structural component includes multiple regression and path analysis to model the 

relationships between the constructs. The SEM methodology is much more useful than multivariate or 

logistic regression because it considers the measurement errors, especially when there are poorly 

measured variables in the data sample (Diekmann et al. 2000). Also, the visual representation of SEM 

is more helpful for users to understand the complex relationships involved. As revealed by several 

studies in the construction management field, researchers select SEM to measure the underlying 

relationships among the constructs. Numerous empirical studies in recent years have demonstrated the 

usefulness of the SEM method for determining relationships between key correlated constructs and 

concluded that SEM is highly efficient in terms of understanding the direct and relative impacts of latent 

constructs on the measured phenomena in hypothetical constructs (Ng et al. 2010; Yang et al. 2010; 

Doloi et al. 2011; Eybpoosh et al. 2011; Chen et al. 2012; Doloi H. et al. 2012; Rahman et al. 2012; 

Zhang et al. 2012; Memon and Rahman 2014; Xiong et al. 2014; Rajeh et al. 2015). 

Research method 

Data collection 

As an emerging middle-income country, Bangladesh is experiencing a huge rapid expansion of 

industries, agronomy works, skilled workforce, health sectors and overall modern communications 

urging an ever-increasing demand for power. The realization of this forthcoming societal and monetary 

development means that faster development of the power system is inevitable, and hence Bangladesh 

has already introduced a Power Sector Master Plan (PSMP) aimed at doubling existing generation by 

2040 (MPEMR 2015). Therefore, it is apparent that there will be a significant increase in the number of 

PT projects in the near future to evacuate the forecasted generated power. Despite plentiful funding and 

careful planning, the sophisticated unique characteristics of the PT projects have resulted in more than 

80% of foreign aided PT development projects in Bangladesh being delayed, resulting in financial losses 

and significantly hindering planned development (Power Division 2016; IMED 2017; Power Division 

2017). Typically, PT system across the world consists of station(s) and/or substation(s) and high voltage 

transmission line(s) that transmits power from distant power sources to demand centres (Kaplan 2009). 

Therefore, Bangladesh offers lush ground and a perspective upon which to conduct this first-ever 

empirical study into the causes of PT project delay.  

A questionnaire survey was selected as the methodological approach and developed based on 

guidelines from the literature to identify the delay indicators of PT projects. The collected data was used 

to synthesize the proposed conceptual model and establish the steps for further research in this field 

(Webster and Watson 2002).  

Pall et al. (2016) present the indicators causing PT project delays under nine  groups/constructs, 

showing that PT projects do not share same characteristics as linear power (generation and distribution) 
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and linear non-power projects (Pall et al. 2016). Due to the unique features of the PT projects and the 

embryonic nature of the literature, the study aimed to test the relevance and adequacy of the reviewed 

delay indicators by means of a questionnaire survey of experienced PT project practitioners. Since the 

identification of critical indicators and the preparation of the questionnaire are the crucial steps for the 

success of a research (Doloi Hemanta et al. 2012), a preliminary questionnaire was prepared based on 

the reviewed delay indicators for a pilot study with PT sector experts in Bangladesh. The preliminary 

questionnaire consisted of five sections – respondents’ general information, case project details, 

indicators contributing to project delay, group’s effect on the case project delay and further comments. 

Section 1 of the questionnaire seeks the demographic information of the respondents – years of 

experience working on PT projects, professional background and the main type of the company where 

the respondent has been working (employer/contractor/consultancy). In Section 2, the respondents are 

requested to consider the most or least delayed ‘case project’ on which they worked in the last five 

years, and provide a detailed specification of the case project, such as the contractual and actual duration, 

type of project (transmission line/station or substation), scope of project and voltage level. Continuing 

from Section 2, participants are invited in Section 3 to indicate the critical indicators significantly 

affecting the delay of their case project based on a 5-point Likert scale from 1 (very minor) to 5 (very 

major), with additional ‘no effect’ and ‘don’t know’ options, to obtain the relevance of the reviewed 

delay indicators to PT projects. The most critical individual group/construct contributing towards the 

case project delay is evaluated in Section 4. In the “further comments” section (Section 5), the 

participants are requested to note and rate any other indicators that potentially contributed to the delay 

of their case projects but not mentioned in the questionnaire (i.e., not revealed from the literature 

review).  

In this first stage, expert contacts were collected online (www.pgcb.org.bd) and by personal 

communications. Participants were selected randomly from each category having more than 12 years’ 

experience and the questionnaire sent by email and/or online survey portal. Ten questionnaires were 

sent to both the employers and contractors and five to the consultants. In total, 18 completed responses 

were returned, comprising seven owners, eight contractors, and three consultants. The responses from 

the owners comprised three project directors having minimum 15 years’ experience, and two executive 

engineers, one executive technical director and one manager from the project finance division having a 

minimum of 12 years’ experience. Five senior international and three national contractor personnel 

responded, each working over 20 years as a PT project manager. Two international and one national 

consultants also responded having more than 15 years’ experience in PT projects management.  

As expected from the reviewed literature, in Section 5 of the preliminary questionnaire, the 

sector experts strongly recommended a new unique construct of delay indicators, and that was 

introduced in the final questionnaire as the ‘Sector Specific Factor (SSF)’. The delay indicators forming 

SSF are only applicable to PT projects (as shown in Table 1) because the essential consideration of the 

TL voltage (electrical induction) makes the PT projects significantly different from any other projects.  

In order to reduce potential bias from project parties (employers, contractors and consultants), 

the experts also suggested forming a new construct of delay indicators by extracting indicators from the 

three party constructs namely - employer/owner related factor, contractor related factor and consultant 

related factor - where the project parties have shared responsibilities, such as for drawing-design and 

payment related problems. Hence, based on the recommendations of the experts, another new construct 

was introduced in the final questionnaire named the ‘General Factor (GF)’, the addition of which 

resulted in the deletion of ‘group 5: drawing related factors’ from the reviewed literature. Moreover, the 

experts also indicated that some of the reviewed delay indicators have no effect on PT projects and 
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advised that they can be excluded to reduce the length of the questionnaire. Finally, 46 indicators (with 

coding) embodied in ten constructs of delay were contained in the final questionnaire as depicted in 

Table 1. These are principally the same as the preliminary questionnaire derived from the literature but 

include the two new constructs of SSF and GF. In addition, the ‘group 9: external/miscellaneous factor’ 

of the preliminary questionnaire was renamed as ‘external/unavoidable factors (E_UF)’ as the indicators 

in this construct are mostly external and unpredictable in nature, and the dependent variable ‘project 

delay (PD)’ was defined as ‘delay in months (Del_m)’. 

Table 1. Delay indicators with their constructs and coding 

Constructs and delay indicators Coded as 

Construct 1: Sector Specific Factor SSF 

 Right of way (RoW) problems of transmission lines (TL) SSF1 

 Delay in construction of dead end towers of TL/gantries of substations (SS) SSF2 

 Frequent TL route changes SSF3 

 Access road construction of SS SSF4 

 Accessibility to TL tower locations (materials and/or equipment) SSF5 

 Insufficient logistic support to monitor the TL work (transports) SSF6 

 Difficulties in river crossing tower construction of TL SSF7 

 Difficulties in transportation of equipment to SS sites SSF8 

Construct 2: General Factor GF 

 Poor communication and coordination between the project parties GF1 

 Delay in payments GF4 

 Improper site management and supervision (lack of local experience) GF5 

 Poor planning and scheduling  GF6 

 Work distribution to team members (right people in the right place) GF7 

 Drawings and/or design related problems GF9 

Construct 3: Administrative Factor AF 

 Tendering process AF1 

 Approval processes of government agencies  AF2 

 Investigation during feasibility studies AF3 

Construct 4: Employer/Owner Related Factor E_ORF 

 Owner-demand change orders E_ORF1 

 Approval processes of project documents E_ORF4 

 Changes in scope of work E_ORF5 

 Changes in materials specifications during construction E_ORF7 

Construct 5: Contractor Related Factor CRF 

 Late site mobilization CRF1 

 Insufficient experience of the contractor’s technical staff CRF2 

 Poor construction methods CRF4 

 Omissions or errors in estimates CRF5 

Construct 6: Consultant Related Factor ConRF 

 Late comments (contract scope and/or design documents) ConRF1 

 Poor experience of consultants ConRF2 

 Poor negotiation skill of consultants ConRF3 

 Late inspection and testing by consultants ConRF4 

 Misunderstanding of consultants and owner ConRF5 

 Late arrival of erection consultant ConRF6 

Construct 7: Materials Related Factor MRF 

 Shortage of construction materials on site MRF1 

 Late delivery of materials to site MRF2 

 Difficulties in obtaining special building materials  MRF3 

 Shortage of construction materials in the local market  MRF4 
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Constructs and delay indicators Coded as 

Construct 8: Equipment Related Factor ERF 

 Shortage of equipment (civil and/or electrical) ERF1 

 Equipment breakdown ERF3 

 Lack of high-technology/efficient mechanical equipment ERF4 

Construct 9: Labor/Worker Related Factor  L_WRF 

 Shortage of unskilled labor  L_WRF1 

 Shortage of skilled labor L_WRF2 

 Personal conflicts among laborers L_WRF3 

Construct 10: External/Unavoidable Factor  E_UF 

 Rain or floods E_UF1 

 Rule and regulation changes  E_UF3 

 Unpredictable subsurface conditions (e.g., soil, high water table) E_UF6 

 Accidents during construction E_UF8 

 Political interventions (strikes) E_UF9 

   

The final questionnaire survey was conducted by both online and hard copy questionnaires in 

accordance with the ethical requirements for research involving humans developed by Australia’s 

National Health and Medical Research Council and analyzed using SmartPLS 3.2.6  and SPSS 23 to 

explain the key constructs for PD and their relationships as hypothesized in Fig. 1.  

Theoretical framework of the study 

The questionnaire was finalized after face and content validation. The successful validation of the 

questionnaire by the experts indicated the delay constructs most likely to have a potential impact on PD. 

Due to the embryonic nature of the literature on PD in PT projects, based on the experts’ opinions, the 

following hypothesis is proposed: 

Hypothesis 1: Ten delay constructs (SSF, GF, AF, E_ORF, CRF, ConRF, MRF, ERF, L_WRF 

and E_UF) have positive direct impact on PD. 

In addition to testing the direct influence of these key constructs on PD, the interdependence of 

the constructs in the structural model is also an important aspect for investigation. Based on the sector 

expert’s feedbacks on GF’s interrelationships in the Section 5 of the preliminary questionnaire, it is 

hypothesized that GF has a direct impact on the other constructs except E_UF, because E_UF is 

independent in nature, leading to- 

Hypothesis 2: GF has direct positive impact on SSF, AF, E_ORF, CRF, ConRF, MRF, ERF 

and L_WRF. 

A hypothetical diagram of the hypothetical structural model is presented in Fig. 1 with the arrow 

directions indicating the hypothesized influences.  

Research model 

The study model consists of latent constructs, indicators with measurement errors, relationships between 

unobservable variables and interdependencies between the indicators, making SEM the preferred form 

of analysis. SEM is also a multivariate technique that combines multiple regression (examining 

dependency relations) and factor analysis (representing concepts measured as constructs with multiple 

variables) to estimate the interdependent relationships simultaneously (Hair JF, Jr. et al. 2014b). 
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Moreover, SEM is well suited to this study as it solves a problem involving causal relationships between 

latent constructs that are measured by means of observed variables.  

Fig. 1. Conceptual Model (Without Indicators) 

 

There are two approaches to estimate the relationships in SEM, one is covariance-based SEM 

(CB-SEM) and another is partial least squares-based SEM (PLS-SEM) (Hair Joe F. et al. 2011; Hair 

Joseph F., Ringle, et al. 2012; Hair Joseph F., Sarstedt, et al. 2012; Hair JF, Jr. et al. 2014b; Xiong et al. 

2015).  PLS-SEM is preferable when the research goal involves identifying key driver constructs, the 

structural model is complex (many constructs and indicators), the sample size is small and/or the data 

are non-normally distributed (Hair Joseph F. 2014). In this study, the Shapiro–Wilks test indicates the 

non-normality of the indicators, which is very likely to be encountered when applying the Likert scale 

(Hair Joseph F. 2014); the ideal sample size to parameters ratio for CB-SEM of 20:1 (Kline 2016) is 

well beyond the data collected, while PLS-SEM is recognized for its capability of handling small sample 

sizes (Wong 2010; Hair Jr et al. 2013); and the proposed model is complex with ten first-order and one 

second order latent variables and 46 indicators. In addition, as the theory is less developed and the main 

objective of this study is to predict and explain the key constructs involved, PLS-SEM is preferred (Hair 

JF, Sarstedt, M., Ringle, C.M. and Mena, J.A. 2012).  

The measurement model for both the first and second order latent variables (LVs) are designed 

in a reflective way, while the structural model links the exogenous and endogenous LVs in a formative 

way. The indicators are considered as a function of the latent variable in the reflective model 

(Diamantopoulos and Winklhofer 2001; Hair Joseph F. 2014). As suggested, confirmatory tetrad 

analysis (CTA) shows 78.49% of LVs fit the reflective model hypothesis (Gudergan et al. 2008). 
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However, CTA is a purely data-driven perspective that needs to be supplemented with conceptual 

considerations (Hair Jr et al. 2013). Hence, the theoretical (nature of the constructs, direction of 

causality, characteristics of indicators) and empirical (indicator inter-correlations, indicators 

relationships with constructs, measurement errors and collinearity) considerations are analyzed to 

choose between the formative and reflective approaches (Coltman et al. 2008). For the reflective 

measurement model, each manifest variable (MV) reflects its LV, in which the direction of causality 

goes from the LV to its MV, the indicators are interchangeable and the correlation between indicators 

and internal consistency is fundamental. All the MVs are observed in the same measurement scale. 

Due to the multidimensionality of PD, the hierarchical structural model approach is used where 

PD is represented as the second-order LV and the other constructs considered as the first-order LV 

(Becker et al. 2012). In a hierarchical model, a first-order LV can be formative or reflective and the 

first-order LVs can be formative or reflective indicators of a second-order construct (Jarvis et al. 2003; 

Becker et al. 2012), which results in four different possible combinations of second-order construct 

models: reflective-reflective, reflective-formative, formative-reflective and formative-formative. The 

study model is designed as Type II reflective first-order LVs and relates them to their underlying 

formative block of second-order construct PD. The PD second-order latent variable is encompassed by 

the first-order LVs of SSF, GF, AF, E_ORF, CRF, ConRF, MRF, ERF, L_WRF and E_UF. PD is chosen 

as the second-order LV because  PD has a causal relationship with the first-order constructs (Hair Joseph 

F. 2014).  

Results and Discussion 

Respondents profile 

The study aimed to have a good mix of participants in terms of experience and expertise to ensure the 

representative outcome of the population. Therefore, the sample comprises national and international 

professionals having direct exposure to PT projects. The objectives of the study and the contents of the 

questionnaire were explained and clarified to most of the participants to ascertain a better response rate. 

As a result, 311 valid responses were obtained from the 532 questionnaires distributed – with a 

satisfactory 58.46% response rate as shown in Table 2. Moreover, due to the respondent’s relevant 

industry experience along with the personal level interactions and clear understanding of the 

questionnaire, the collected sample is considered to be highly reliable (Vaus 2001). Data collection was 

based on the full population of PT project management personnel, comprising employers, national and 

international contractors, and consultants. The list of the participants was prepared by requesting 

employee lists from related organizations websites (www.pgcb.org.bd, www.bpdb.gov.bd).  

As per Table 2, the majority of respondents are owners and contractors, with a very small 

number of consultants. Approximately 61% have more than 10 years’ experience in PT project 

management. In terms of consultants and other professions, over 33% are executive engineers (EE) 

working as owners’ project managers or contractors’ project managers (PM), with a further 25% being 

owners’ sub-assistant engineers (SAE) and contractors’ project engineers (PE) mainly working on site. 

The other major group of respondents comprises owners’ superintending engineers (SE) working as 

project directors and contractors’ project directors (PD), all of whom have considerable knowledge of 

PT project implementation. Therefore, the results are informed by a very deep knowledge of PT projects 

delay in Bangladesh. Moreover, samples show that more than 60% of the projects have been delayed 

more than 6 months. 
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Table 2. Respondents’ profile 

Note: SDE= Sub-divisional engineer from client’s side, CE= Chief engineer from client’s side, GM= General Manager from 

contractor’s side, CM = Construction manager from contractor’s side and AE= Assistant engineer from client’s side 

Research results 

The validation of both the measurement and structural models were carried by SmartPLS 3.2.6 software. 

Indicator reliability, internal consistency reliability, convergent validity, discriminant validity and 

nomological validity of the model were tested (Hair Joseph F. 2014).  

The indicators in reflective measurement models are highly correlated and interchangeable, and 

hence, firstly their reliability and validity were tested (Petter et al. 2007; Haenlein and Hennig-Thurau 

2008; Hair Joseph F. 2014). The assessment of reflective measurement models includes individual 

indicator reliability (IIR), composite reliability (CR) to evaluate internal consistency, average variance 

extracted (AVE) to evaluate the convergent validity (CV) and the Fornell-Larcker criterion and cross 

loadings to evaluate the discriminant validity (DV).  

Fig. 2. Final Research Model 

IIR indicates the variance between the construct and its indicators and a value ≥ 0.50 indicates 

that an indicator variable has a greater variance on its construct than its error variance (Carmines and 

Zeller 1979). Indicators having IIR ≤ 0.40 can therefore, be deleted but the deletion of the indicators 

Project Parties Experience in years 
Total 

Professional 

role 

Participants by designation 

<5 5-10 10-15 15-20 >20 EE 20.58% Consultants 2.57% 

Employer 8 69 37 17 33 164 52.73% PM 18.33% CE 1.29% 

Contractor 3 38 53 21 23 138 44.37% SAE 16.08% GM 0.96% 

Consultant 1 0 4 1 3 9 2.89% SE/PD 16.72% CM 4.18% 

Total 12 107 94 39 59 311  PE 9.65% AE 2.89% 

Experience % 3.86 34.41 30.23 12.54 18.97   SDE 6.11% Others 0.64% 
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with frailer outer loadings (OLs) (0.40 ≤ OL ≥ 0.70) needs careful attention regarding the increase in 

the CR and AVE (Hair Joseph F. 2014). In this case, total 12 rounds are needed to obtain the final 

measurement models of constructs, resulting in the deletion of 15 indicators. The final indicators in the 

model is shown in Table 1 in bold.  

The final model with the assessed IIR ≥ 0.70 is depicted in Fig. 2 and as shown in Table 3. 

Internal consistency reliability of constructs can be tested using both of CR and Cronbach’s Alpha (Cα), 

the values of CR and Cα are both ≥ 0.70 as shown in Table 3. 

The CV is defined as the extent to which an indicator correlates positively with alternative 

indicators of the same construct  and it measures the AVE of an indicator in a construct (Hair Joseph F. 

2014). The DV is the extent to which a construct is truly distinct from other constructs in a model by 

empirical standard (Hair Joseph F. 2014). For the cross loadings of indicators, one method of assessing 

DV, is to compare an individual indicator’s outer loading on the associated construct with its loadings 

on the other constructs (Hair Joseph F. 2014), the Fornell-Larcker criterion, another method of 

determining the DV, is to comparing the √𝐴𝑉𝐸 values of a construct with the LVs correlations (Fornell 

and Larcker 1981; Tenenhaus et al. 2005; Henseler et al. 2009; Leal-Rodriguez et al. 2014; Carvalho et 

al. 2015). The DVs of the measurement models are shown in Table 3. 

Table 3. IIR, Cα, CR, AVE, VIF and DVs of measurement models 

Factors Items IIRa Cαa CRa AVEa VIF SSF GF AF E_ORF CRF ConRF MRF ERF L_WRF E_UF PD 

SSF 

Fornell-Larcker Criterion of SSF 0.797 0.653 0.258 0.150 0.305 0.285 0.411 0.300 0.335 0.077 0.389 

SSF1 0.888 

0.883 0.912 0.635 2.088 

0.888 0.484 0.186 0.132 0.270 0.208 0.371 0.210 0.200 0.015 0.369 

SSF2 0.713 0.713 0.627 0.193 0.037 0.316 0.256 0.251 0.375 0.385 0.185 0.364 

SSF3 0.867 0.867 0.515 0.307 0.120 0.248 0.235 0.373 0.168 0.151 0.064 0.370 

SSF5 0.754 0.754 0.527 0.076 0.336 0.112 0.143 0.319 0.241 0.360 0.073 0.226 

SSF6 0.719 0.719 0.434 0.219 -0.013 0.242 0.241 0.274 0.228 0.221 -0.129 0.247 

SSF7 0.823 0.823 0.483 0.247 0.108 0.240 0.272 0.377 0.177 0.254 0.110 0.238 

GF 

Fornell-Larcker Criterion of GF 0.653 0.786 0.213 0.150 0.326 0.377 0.253 0.368 0.611 0.238 0.250 

GF1 0.827 

0.716 0.829 0.618 2.604 

0.545 0.827 0.213 0.140 0.341 0.247 0.231 0.249 0.433 0.233 0.275 

GF4 0.797 0.587 0.797 0.181 0.120 0.275 0.438 0.206 0.356 0.525 0.166 0.131 

GF9 0.730 0.375 0.730 0.090 0.088 0.123 0.162 0.150 0.250 0.485 0.160 0.193 

AF 
Fornell-Larcker Criterion of AF 0.258 0.213 1.000 0.334 0.280 0.312 0.111 0.138 0.151 0.150 0.133 

AF2 1.000 1.000 1.000 1.000 1.334 0.258 0.213 1.000 0.334 0.280 0.312 0.111 0.138 0.151 0.150 0.133 

E_ORF 
Fornell-Larcker Criterion of E_ORF 0.150 0.150 0.334 1.000 0.013 0.093 0.097 0.076 0.239 0.257 0.134 

E_ORF4 1.000 1.000 1.000 1.000 1.256 0.150 0.150 0.334 1.000 0.013 0.093 0.097 0.076 0.239 0.257 0.134 

CRF 

Fornell-Larcker Criterion of CRF 0.305 0.326 0.280 0.013 0.846 0.498 0.159 0.497 0.318 0.047 0.070 

CRF1 0.853 

0.801 0.883 0.717 1.566 

0.293 0.277 0.253 0.092 0.853 0.411 0.178 0.409 0.238 0.078 0.052 

CRF2 0.886 0.249 0.258 0.290 0.104 0.886 0.477 0.129 0.430 0.265 0.013 0.062 

CRF4 0.799 0.230 0.290 0.171 -0.149 0.799 0.379 0.098 0.420 0.300 0.028 0.063 

ConRF 

Fornell-Larcker Criterion of ConRF 0.285 0.377 0.312 0.093 0.498 0.860 0.189 0.550 0.392 0.042 -0.102 

ConRF1 0.801 

0.929 0.945 0.740 1.751 

0.230 0.329 0.260 -0.021 0.367 0.801 0.145 0.316 0.309 -0.084 -0.126 

ConRF2 0.922 0.311 0.350 0.213 0.075 0.393 0.922 0.217 0.462 0.346 0.035 -0.083 

ConRF3 0.926 0.315 0.337 0.315 0.086 0.411 0.926 0.188 0.486 0.323 0.039 -0.065 

ConRF4 0.885 0.246 0.294 0.260 0.133 0.404 0.885 0.181 0.554 0.342 0.085 -0.087 

ConRF5 0.804 0.143 0.220 0.374 0.096 0.418 0.804 0.131 0.470 0.252 0.089 -0.052 

ConRF6 0.816 0.198 0.372 0.234 0.121 0.562 0.816 0.111 0.552 0.416 0.074 -0.099 

MRF 

Fornell-Larcker Criterion of MRF 0.411 0.253 0.111 0.097 0.159 0.189 0.862 0.177 0.102 0.038 0.111 

MRF1 0.915 

0.884 0.920 0.743 1.226 

0.347 0.219 0.104 0.059 0.158 0.175 0.915 0.136 0.081 -0.018 0.117 

MRF2 0.876 0.389 0.178 0.129 0.057 0.147 0.128 0.876 0.123 0.033 0.061 0.135 

MRF3 0.812 0.318 0.246 0.074 0.169 0.103 0.160 0.812 0.172 0.118 0.048 0.079 
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MRF4 0.842 0.368 0.223 0.079 0.037 0.144 0.186 0.842 0.177 0.115 0.043 0.054 

ERF 
Fornell-Larcker Criterion of ERF 0.300 0.368 0.138 0.076 0.497 0.550 0.177 1.000 0.473 0.093 -0.106 

ERF4 1.000 1.000 1.000 1.000 1.784 0.300 0.368 0.138 0.076 0.497 0.550 0.177 1.000 0.473 0.093 -0.106 

L_WRF 

Fornell-Larcker Criterion of L_WRF 0.335 0.257 0.151 0.239 0.318 0.398 0.189 0.177 0.796 0.257 -0.067 

L_WRF1 0.832 

0.712 0.837 0.633 1.971 

0.283 0.520 0.113 0.270 0.214 0.296 0.082 0.351 0.832 0.339 -0.027 

L_WRF2 0.839 0.330 0.541 0.173 0.142 0.272 0.369 0.110 0.432 0.839 0.128 -0.086 

L_WRF3 0.710 0.160 0.376 0.057 0.159 0.286 0.262 0.042 0.344 0.710 0.139 -0.044 

E_UF 

Fornell-Larcker Criterion of E_UF 0.077 0.238 0.150 0.257 0.047 0.042 0.038 0.093 0.257 0.846 0.089 

E_UF1 0.785 
0.702 0.833 0.715 1.164 

0.078 0.170 0.050 0.205 0.038 0.107 0.108 0.216 0.301 0.785 0.061 

E_UF9 0.902 0.058 0.227 0.182 0.229 0.042 -0.014 -0.020 -0.015 0.163 0.902 0.087 

PD 
Fornell-Larcker Criterion of PD 0.389 0.250 0.133 0.134 0.070 -0.102 0.111 -0.106 -0.067 0.089 1.000 

Del_m 1.000 1.000 1.000 1.000 -- 0.389 0.250 0.133 0.134 0.070 -0.102 0.111 -0.106 -0.067 0.089 1.000 

a - Significant at the 0.01 level 

After confirming the construct measures are reliable and valid, to assess the structural model, 

the collinearity between the constructs is tested before testing the model’s predictive capabilities and 

the relationships between the constructs to avoid unnecessarily biased path coefficient estimates. 

Collinearity is represented by the variance inflation factor (VIF) - the reciprocal of tolerance (the amount 

of variance of one construct not explained by the other constructs in the same block) (Hair Joseph F. 

2014). The collinearity of the predictive constructs is shown in Table 3. Following collinearity, the 

model is estimated by bootstrapping (a form of resampling whereby the original data are sampled 

repeatedly with substitutions to estimate the model) using n= 311 and 5000 resampling to assess the 

significance of the model parameters. Table 3 shows the bootstrapping simulation results. The 

coefficient of determination (R2), adjusted R2 (R2
adj.), f2 effect size, predictive relevance (Q2), q2 effect 

size and importance-performance matrix analysis (IPMA) of the model are examined and discussed in 

the later sections.  

Table 4. Evaluation of the structural model 

Paths 
Path coefficients 

R2 R2
adj.

 f2 Q2 q2 I-eff/T-eff VIF 
IPMA 

O M E t (|O/E|) p I P 

SSF -> PD 0.383*** 0.386 0.063 6.057 0.000 

0.285*** 0.262*** 

0.357*** 

0.249 

0.331  2.093 0.383 52.448 

GF -> PD 0.225*** 0.224 0.081 2.776 0.006 0.329*** 0.316 
0.012ns/ 

0.236*** 
2.603 0.236 43.862 

AF -> PD 0.028ns 0.028 0.057 0.493 0.622 0.011ns 0.078  1.334 0.028 56.053 

E_ORF -> PD 0.115** 0.115 0.057 2.008 0.045 0.147** 0.172  1.254 0.115 41.667 

CRF -> PD 0.126** 0.125 0.060 2.123 0.034 0.189** 0.198  1.565 0.126 25.264 

ConRF -> PD -0.184*** -0.190 0.057 3.210 0.001 0.027ns 0.065  1.751 -0.184 25.833 

MRF -> PD -0.051ns -0.052 0.054 0.951 0.342 0.003ns 0.039  1.226 -0.051 51.555 

ERF -> PD -0.144** -0.140 0.071 2.037 0.042 0.016ns 0.025  1.784 -0.144 19.025 

L_WRF -> PD -0.274*** -0.278 0.070 3.923 0.000 0.053* 0.052  1.971 -0.274 33.888 

E_UF -> PD 0.060ns 0.069 0.064 0.935 0.350 0.091* 0.119  1.161 0.060 49.982 

GF -> AF 0.213*** 0.213 0.067 3.167 0.002 0.045ns 0.042ns 0.047ns 0.038 0.039  1.000 0.213 43.862 

GF -> CRF 0.326*** 0.330 0.052 6.324 0.000 0.107*** 0.104*** 0.119*** 0.070 0.075  1.000 0.326 43.862 

GF -> ConRF 0.377*** 0.380 0.062 6.127 0.000 0.142*** 0.140*** 0.166*** 0.095 0.105  1.000 0.377 43.862 

GF -> ERF 0.368*** 0.367 0.047 7.905 0.000 0.136*** 0.133*** 0.157*** 0.128 0.147  1.000 0.368 43.862 

GF -> E_ORF 0.150*** 0.149 0.061 2.465 0.014 0.022ns 0.019ns 0.023ns 0.019 0.019  1.000 0.150 43.862 

GF -> L_WRF 0.611*** 0.612 0.040 15.408 0.000 0.373*** 0.371*** 0.594*** 0.220 0.282  1.000 0.611 43.862 

GF -> MRF 0.253*** 0.257 0.050 5.055 0.000 0.064*** 0.061** 0.068** 0.043 0.045  1.000 0.253 43.862 

GF -> SSF 0.653*** 0.655 0.033 19.997 0.000 0.426*** 0.424*** 0.743*** 0.243 0.321  1.000 0.653 43.862 

Model validation 

Tables 3 and 4 summarize all the parameters used in the validation process for both the first and second 
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order LVs. As shown, the values of IIR, Cα and CR are higher than 0.70 and AVE is ≥ 0.50, hence, they 

comply with the validation criteria of the measurement model (Hair Joseph F. 2014). The cross loadings 

of the indicators in Table 3 shows that the individual indicator’s outer loading on the associated 

construct is greater than its loadings on the other constructs, and the √𝐴𝑉𝐸 value of a construct is greater 

than its highest correlation with any other construct in a model as shown in Table 3. Hence, measurement 

models are validated (Hair Joseph F. 2014). SSF1, SSF3 and SSF7 are the main indicators under the 

construct SSF and the critical indicators of the construct GF are GF1 and GF4. While CRF1 and CRF2 

are the most important MVs of CRF, ConRF2 and ConRF3 are critical for the ConRF construct. MRF1 

is the most reliable indicator for the construct MRF and the same for L_WRF are L_WRF1 and 

L_WRF2. E_UF9 is the most critical indicator for E_UF and the constructs AF, E_ORF, ERF and PD 

constituted by one indicator AF2, E_ORF4, ERF4 and Del_m respectively. 

The VIF values of the final model are calculated based on the target constructs PD, SSF, AF, 

E-ORF, CRF, ConRF, MRF, ERF and L-WRF, and are less than 5.0, satisfying the requirements of the 

structural model for further analysis (Hair Joe F. et al. 2011). The final structural model as shown in 

Fig. 2, and the evaluation parameters shown in Table 4 indicates that SSF (0.383) has the most potential 

effect on PD, followed by GF (0.236), CRF (0.126) and E_ORF (0.115). It is also revealed from the 

analysis that AF and MRF have no statistically significant effect on PD, while other constructs such as 

ConRF, ERF, L_WRF and E_UF have a negative effect on PD.  Regarding the internal causal 

relationships between the exogenous LVs, GF has a significant positive effect on SSF (0.653), followed 

by the constructs L_WRF (0.611) and ConRF (0.377). These outcomes fully satisfy the hypotheses H1 

and H2.  

The R2 value, the squared correlation between a specific endogenous construct’s actual and 

predicted values, is commonly used to evaluate the structural model as it is a measure of the model’s 

predictive accuracy. The R2 value of the endogenous LV can be assessed as substantial if R2 ≥ 0.26, 

moderate for R2 ≥ 0.13 and weak for R2 ≥ 0.02 (Cohen 1988, 2003). Since, the R2 value of the key target 

dependent variable PD of this study is 0.285, this indicates that the model has a substantial explanatory 

power in predicting the PD. The Table 4 also shows that GF has an extensive power to explain the 

exogenous LVs SSF (R2 = 0.426) and L_WRF (R2 = 0.373). The parsimonious characteristics of the 

model are also confirmed by the R2
adj. values as shown in Table 4, indicating a good fit model. It is also 

advisable to evaluate the f2 effect size of individual exogenous constructs on endogenous LVs. As Table 

4 shows, the f2 values indicate that SSF (0.357) has the most significant effect on PD, followed by GF 

(0.329) and GF also having a substantial effect on SSF (0.743) and L_WRF (0.594). The model is also 

tested against the Stone-Geisser’s Q2 value because it is an indicator of a model’s predictive relevance 

(Geisser 1974; Stone 1974). The Q2 values are calculated in SmartPLS using a blindfolding procedure 

for an omission distance 7. The values of Q2 is >0.0, as shown in Table 4, indicate that the model has 

predictive relevance for the endogenous construct PD (Hair Joseph F. 2014). The IPMA is also carried 

out considering the PD as the key target construct to identify the significant areas of improvement in 

management activities, where the total effects of a construct is treated as the importance and the average 

value of the LV scores is treated as the performance (Slack 1994; Fornell et al. 1996; Kristensen et al. 

2000; Hock et al. 2010; Völckner et al. 2010).  

In addition to the above validation processes, Spearman’s rank order correlations (rho) are 

carried to see the aggreements between the project parties. The introduction of GF helped the 

participants to rank the delay indicators with minimum bias. As a result, the model outcomes are 

strongly supported by the project parties (employer – contractor rho = 0.929, employer – consultant rho 

= 0.776 and contractor – consultant rho = 0.726).  
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Conclusion 

This research makes an important contribution to PT project management by presenting a structural 

model that shows the significant impact of SSF and GF on PD. A new pool of critical delay indicators 

and constructs for PT projects are introduced, based on which a conceptual model for PD is presented 

and validated. Two new delay constructs are added to the existing literature, namely SSF and GF. SSF 

emphasizes the sector’s importance and the model outcomes establish the use of the GF as a bias-free 

strategy in collecting data from the project parties.  

With the unique characteristics of PT projects, SSF is the most critical construct affecting PD 

because of frequent occurrence of right of way (RoW) of TL and associated problems. In addition, GF 

is the driving force for successful project completion having direct and indirect effects on PD. 

Furthermore, GF has a strong positive influence on the other delay constructs including the CRF and 

E_ORF.  

The final research model reveals that the employers in PT project management require an 

acceptable time framework to approve the project related documents to reduce delay in project 

execution. Employers need to work more closely with contractors, consultants and other internal and 

external project stakeholders to streamline the financial and technical documents approval processes.  

This study also indicates that contractors need to be proactive in selecting their project team, site office 

set-up with adequate logistics and use modern construction methods to complete the project on time. 

Professional ethics, design standards, relevant legal and local factors need to be assessed and addressed 

by the contractor to execute the project duly. As an integral part of a project execution team, Consultants 

need to be teamed up with technically sound professionals and locally experienced managers to drive 

the project smoothly in conjunction with the client and contractor. Moreover, the management of 

resources within the team, based on the various phases of the project, and maintaining a prompt action 

plan – from the consultants’ perspective, can expedite the project progress. Overall, it is apparent from 

the research outcomes that the project parties (employers, contractors and consultants) need to maintain 

a strong communication and coordination between them to facilitate the healthy flow of financial 

resources towards the seamless execution of project phases. 

The managerial implications of this study are shown in the Table 4. This shows the essential 

insights needed for the power project professional to implement their project in time. The overall 

performance of the delay constructs of approximately 50%, as shown in Table 4, indicates the need for 

further developments in understanding the characteristics of PT projects implementation on time. The 

IPMA indicates that, as a key driver of PD, the project parties need to improve the performance of the 

most important construct SSF (0.653). The IPMA also emphasized that the better performance of the 

constructs SSF, GF, CRF and E-ORF should result in the improved implementation of PT projects in 

Bangladesh and other similarly placed countries.  

The main limitations of the study concern the geographic limitation, the association of the target 

dependent variable PD and the embryonic nature of the literature. For future research, we suggest 

extending studies based on the geographic and economic conditions of countries across the globe in 

order to understand the generalized nature of the PD in PT projects. 
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