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Abstract 

This paper focused on studying the factors affecting PMO implementation in the construction industry. A PLS-SEM 

model was developed for achieving this objective. The model used 171 survey data sets consisting the model was 

developed and evaluated using SmartPLS software. Model evaluation at the measurement level found that it has achieved 

the convergent and discriminant validity thresholds. While at the structural level, the model has reached its criterion 

fitness values. For the hypothesis testing, it was found that all three paths of factors have a significant relationship to the 

PMO implementation in the construction industry. From this validated model, the most dominant factors affecting PMO 

implementation are Resistance to change for organizational culture group; Additional administrative workload for project 

management group, and Inexperience PMO leadership for the resource management group. These findings will help 

construction practitioners in understanding the importance of PMO implementation in the construction industry. 

Keywords: PMO; PLS Model; Construction Industry. 

 

1. Introduction 

Project Management Office (PMO) is established as an oversight system to ensure that concurrent project processes 

are well executed and reflect the organization's plans [1]. The primary role of PMO is to effectively coordinate several 

projects by a single organization to attain consistency in operations [2]. Project managers require PMO in their 

operations as it seeks to help in strategic plan execution and improve performance in terms of quality and resource 

allocation [3]. Organisations can use different PMO tools to evaluate project management in various construction 

activities. As a result, PMO can perform at varying levels of projects, portfolios, and programs [4]. Several studies 

have suggested that specific factors are necessary when integrating a successful PMO, including clearly stated 

objectives, senior management support, a clearly defined plan, and good communication [5]. The fundamental factors 

in PMO implementation are management experience, project size, and organization type [2]. PMO restructures the 

organizational structure to improve the resources' performance and achieve success [6]. Thus, several organizations 

have adopted PMO set up, but yet the performance of the construction industry is not satisfactory. One of the reasons 

is that traditionally the performance measurement focuses solely on financial or tangible asset performance measures 
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parameters such as profit, cash flow, and return of investment (ROI) [7, 8]. Finance is considered as the core element 

of a project [9]. However, non-financial aspects should be regarded to provide a more holistic assessment of the 

organization [10]. 

The inability of PMO to meet the set objectives of a construction organization could be attributed to challenges such 

as unrealistic objectives, poor setup and implementation and staff mismanagement [11]. In the United Arab Emirates 

(UAE), these challenges are generally related to the nature and size of constructions. Presently UAE faces improper 

government policy to guide PMO implementation, especially for construction firms [12]. There are several hurdles 

faced for proper implementation of PMO, such as the incorporation of inexperienced managers, lack of clear 

perspective of PMO, unawareness by the management on the scope for performance, and failure to follow processes 

that can benefit the organization [13].  

Like other countries, the UAE construction industry is also concerned about project performance and interested in 

implementing PMO in the industry. In UAE, the owners or clients of mega projects are concerned with the timely 

completion of the projects. Hence, an extra burden is put on the construction experts, i.e., contractors, engineers, and 

designers. In UAE, mega-projects are describes as projects dealing with airports, hydropower, and large power 

generation schemes, significant rail developments, and even relatively modest Oil & Gas projects. Megaprojects are 

facing several challenges and risks [14]. For mega projects, PMO can be proved more efficient as compared to a 

traditional contractual arrangement. Hence, most clients demand the use of PMO in their projects even though they do 

not understand what it means and the implications to finances and quality [15]. The success of a construction project 

may not necessarily need to establish formalized PMO, but PMO can be with the organization structure. Even the 

name may not be PMO, but the roles it performs are similar to PMO [16]. To achieve PMO's goal, it is essential to take 

appropriate measures at the right time [17]. Hence, several studies have highlighted the issues regarding PMO, but 

those studies are lacking in focusing in-depth reasons or hurdles in achieving successful implementation of PMO. 

Therefore, this paper was intended to integrate factors affecting PMO implementation and PMO performance indicator 

in construction organisation through Structural Equation Modeling (SEM) using the Partial Least Squares (PLS) path 

modelling technique. 

2. Research Frame Work 

Research design is a strategic framework that integrates research questions and the execution of the research 

strategy [18].The research design must contain a strategy for interpreting the analyzed data to provide adequate 

findings and conclusions from the research, allowing for the recommendations or implications based on the study [19]. 

This study employs a quantitative approach to respond to research questions. This study is planned to investigate the 

factors affecting PMO implementation performance in UAE construction organisations. The research design includes 

all the steps to achieve its objective, as shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Research Flowchart 

Data collection for this study involved a questionnaire survey using a five-point liker scale [20, 21]. A total of 171 

questionnaire samples were gathered and analyzed, as discussed in the following sections.  
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3. Model Development 

The data was prepared in a Microsoft Excel worksheet and saved as a comma-delimited (CSV) type. Then, data 

was uploaded in the SmartPLS software for modeling purposes. PLS technique was selected because it is meant for 

theory development rather than theory confirmation as adopted by [22]. The constructed PLS model consists of 3 

groups known as exogenous variables with 28 factors affecting PMO implementation, and 1 group with three types of 

PMO performance indicators is an endogenous latent variable. The exogenous latent variable represents Resource 

Management (RM) consisting of 11 indicators, Project Management (PM) consisting of 9 indicators and 

Organizational Culture (OC) consisting of 8 indicators. Three parameters describe the endogenous latent variable in 

this study. The developed model is shown in Figure 1. 

 

Figure 1. Developed conceptual model 

4. Measurement Model Evaluation 

The measurement model is assessed based on convergent validity and discriminant validity. First, the model's 

convergent and discriminant validity is checked against the acceptable criteria [23]. If still not achieve the criteria, the 

deletion and iteration are conducted until the measurement criteria are fulfilled. For this, items with low factor loading 

in each construct are deleted for every iteration until all the items have a loading factor ≥0.5. When weak indicators are 

deleted in each stages of iteration, it will then improvise the Average Variance Extracted (AVE) errors of latent 

constructs to an acceptable level [24]. This study conducted 12 iterations processes until it achieved all the 

measurement criteria, and the final model is as Figure 2. 

 

Figure 2. Final Model 



Civil Engineering Journal         Vol. 7, No. 12, December, 2021 

2112 

 

4.1. Convergent Validity 

For convergent validity, two main criteria are considered: Composite Reliability (CR) and Average Variance 

Extracted. For a significant model, CR should be greater than or equal to 0.70, and the required Average Variance 

Extracted (AVE) value is higher than 0.50 [23]. The results of the final iteration of the measured model are as in Table 

1. 

Table 1. Convergent validity (Iteration No. 12) 

Construct Left items 
Convergent validity 

CR AVE 

Organisational culture (OC) OC1; OC6; OC7; OC8 0.840 0.569 

PMO performance (PP) PP1; PP2; PP3 0.853 0.661 

Project management (PM) PM3; PM4; PM5; PM8; PM9 0.888 0.570 

Resource management (RM) RM1; RM2; RM3; RM5; RM6; RM9; RM10 0.881 0.515 

 

Table 1 indicates that Composite Reliability (CR) for all constructs are above 0.70, and the Average Variance 

Extracted (AVE) values are within 0.515 and 0.661, which is more than the cut-off value of 0.5. Hence, the evaluation 

of the convergent validity of the measurement model has successfully above the acceptable limit. 

4.2. Discriminant Validity 

Discriminant validity assumes that items within a construct should have a high correlation with each other more 

than items in other constructs [25]. The Fornell-Larcker and cross-load criteria are used for discriminating validity 

evaluation. Fornell-Larcker compares latent correlations of the AVE Square root values [26]. This approach states that 

the construct shares more variance with itself than any other construct [27]. The cross-loading values measure the 

correlation of the individual items to all models, including the constructs to be reflected [28]. Fornell-results Larcker's 

are as shown in Table 2. 

Table 2. Fornell-Lacker criterion 

 OC PP PM RM 

OC 0.755 3 فصل  -2 فصل  -1 فصل-  

PP 0.320 0.813 5 فصل  -4 فصل-  

PM 0.558 0.422 0.755 6 فصل-  

RM 0.599 0.412 0.680 0.717 

#note: OC= Organisational culture, PM=Project management, PP=PMO performance, 

RM=Resource management 

Table 2 shows the interrelationship value between constructs of the AVE square root and non-bolded values. All 

off-diagonal elements are indicated to be lower than square AVE roots in diagonal, representing that the constructs 

have a high correlation with themselves as compared to other constructs. This confirms that the model has met the 

discriminating validity criterion. The Cross load values are presented in Table 3.  

Table 3. Results of cross-loadings  

Indicator 
Exogenous/ Endogenous construct (Groups) 

OC PM PP RM 

OC1 0.838 0.373 0.358 0.375 

OC6 0.672 0.446 0.159 0463 

OC7 0.754 0.515 0.179 0.569 

OC8 0.746 0.452 0.161 0.537 

PM2 0.572 0.669 0.138 0.538 

PM3 0.470 0.845 0.319 0.532 

PM4 0.515 0.773 0.308 0.499 

PM5 0.211 0.698 0.431 0.450 

PM8 0.475 0.764 0.310 0.546 

PM9 0.465 0.768 0.256 0.573 

PP1 0.252 0.218 0.734 0.321 
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PP2 0.307 0.394 0.858 0.373 

PP3 0.219 0.391 0.841 0.310 

RM1 0.420 0.434 0.281 0.725 

RM10 0.345 0.514 0.281 0.731 

RM2 0.496 0.461 0.319 0.761 

RM3 0.507 0.459 0.327 0.722 

RM5 0.391 0.469 0.246 0.671 

RM6 0.411 0.551 0.321 0.710 

RM9 0.418 0.532 0279 0699 

#note: OC= Organisational culture, PM=Project management, PP=PMO performance, 

RM=Resource management 

Table 3 shows that the cross-loading values of the latent construct indicators are higher (as signified with bold font) 

compared with values to other latent constructs of the model. Thus, it indicates that the model has achieved the cross-

loading criteria. Hence, the discriminant validity of the model is attained. 

5. Structural Model Evaluation 

Structural model evaluation assesses the path strength, model predictive accuracy, impact of exogenous to 

endogenous, predictive relevancy, the goodness of fit, and hypothesis testing [29-30]. 

5.1. Path Strength 

Path strength is described with the path coefficients or beta (β) value determined from the analysis of the final 

model. Path coefficients are standardized values that lie in between +1 and –1 (values may be smaller/larger but 

usually fall within these borders) [29]. Path coefficients values close to +1 show strong positive relationships with 

usual statistically significant negative values and vice versa. The path values extracted from the model are shown in 

Table 4.  

Table 4. Path coefficients values (β) 

Dependent variable Independent variable Beta value Status 

PMO performance 

indicator 

Resources management 0.191 Medium 

Project management 0.281 Highest 

Organisational culture 0.055 Lowest 

Table 4 indicates that the beta values of independent variables of factors affecting PMO implementation towards 

the dependent variable of PMO performance indicator. Based on the beta values, it appears that the project 

management construct has the highest beta value, which indicates that project management attributes have a high 

influence on the PMO performance indicator. On the other hand, resource management with a beta value of 0.191 is at 

second-ranked, and organizational culture has the least impact on the PMO performance indicator. 

5.2. Model Predictive Accuracy 

The predictive accuracy of the PLS model is assessed by the determination coefficient (also called as R2). R2 is 

symbolized as the combined effect of the exogenous variables on endogenous variables [31]. The R2 is considered 

moderate if it has a value of 0.13 and above while the model is referred to as substantial if the value is equal or higher 

than 0.13 [32]. The value R2 of the developed model for this study is 0,219. This implies that the three latent 

exogenous variables of resource, project and organizational management moderately explain 21.9% of the variance of 

the PMO performance of endogenous latent variable variables.  

5.3. Impact of Exogenous on Endogenous 

Impact of exogenous on endogenous is assessed based on coefficient of determination (R2) values of the 

endogenous construct. The change in R2 value when a specified exogenous construct is omitted from the model has a 

substantive impact on the endogenous construct [23]. This is certified based on effect size (f2), which can be calculated 

by the expression suggested by Chin [28] is given by the following equation. 
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where; f2 = effect size, R2
included = R2 value of the endogenous construct where all exogenous constructs are included 

from the model, R2
excluded = R2 value of the endogenous construct when a selected exogenous construct is excluded 

from the model. 

Cohen [32] suggested that the effect size values of 0.02, 0.15, and 0.35 represent small, medium, and large effect 

sizes, respectively. Since there are 3 exogenous constructs, it required 3 iterations process to determine effect size and 

the results are as in Table 5. 

Table 5. Effect size (f2)  

Exogenous construct R2
included R2

excluded f2 Status 

Resource management 0.219 0.205 0.018 No substantive impact 

Project management 0.219 0.180 0.050 Substantive impact 

Organisational culture 0.219 0.218 0.001 No substantive impact 

From Table 5 it can be perceived that the project management group has the highest predictive relevancy compared 

to resource management and organizational culture. Project management has a value of 0.050, higher than the 

minimum criteria for a small effect size i.e., 0.02. This implies that the project management (PM) construct has a 

substantive impact on endogenous construct. 

5.4. Predictive Relevance of the Model 

Predictive relevance is based on Q2, which measures the missed and predicted data points [28, 33]. The Q2 values 

come from an iterative process that is blindfolded. Blindfolding is built on a sample reuse technique, in which 7 th 

distance data point is omitted, and the parameters with the remaining data points are estimated [23]. The blindfolding 

procedure generates two types of Q2 values: CVC and cross-validated redundancy (CVR). However, this PLS study 

model only used the invalidated redundancy value as suggested by Hair et al. [23] to predict eliminated data points, 

which already include the core element of the path model. Cohen [32] gives the following equation to calculate its 

predictive pertinence (q2).  

 

 

(2) 

where; q2 = predictive relevance, Q2 included = value of the endogenous latent variable where all the exogenous 

construct variables are included in the model, Q2 excluded = a selected exogenous construct is excluded from the 

model 

In 1988, Cohen stated that if the value of q2 is 0.02, 0.15, 0.35, it is small, medium, large-scale prediction relevance 

for the model, respectively, for the respective exogenous building. Therefore, the blindfolded predictive relevance 

results are as described in Table 6. 

 Table 6. Predictive relevance (q2) 

Exogenous construct Q2
included Q2

excluded q2 Status 

Resource management 0.123 0.113 0.011 No relevancy 

Project management 0.123 0.103 0.023 Small 

Organisational culture 0.123 0.127 -0.005 No relevancy 

The predictive relevance (q2) in Table 6 shows that only the project management construct has q2 values of 0.023, 

which indicates the construct has small relevancy. In contrast, others construct have no predictive relevance to the 

structural model. 

5.5. Goodness-of-Fit 

Goodness-of-fit is the geometric mean of the average communality (AVE) and the model’s average coefficients of 

determination (R²) value [34]. The GoF value is in a range between 0 and 1 [35], which can be categorized into small 

(GoF=0.1), medium (GoF=0.25), and large (GoF=0.36), validating power [36] as baseline values for validating the 

PLS model globally. GoF index of a model can be calculated manually using the Equation 3: 

GoF = √AVE̅̅ ̅̅ ̅̅ × R̅2 (3) 

where; GoF = goodness-of-fit, AVE̅̅ ̅̅ ̅̅  = average communality, R̅2 = coefficients of determination. 
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In PLS path modelling, a cut-off value of AVE (>0.5) as suggested by Fornell & Larcker [26] and R2 (small: 0.02; 

medium: 0.13; large: 0.26) proposed by [32] are adopted to calculate the GoF. Table 7 shows the average of AVE for 

all the latent variables and R² value of the endogenous latent variables. 

Table 7. Calculation of GoF 

Constructs Square root of AVE in construct validity and reliability R2 values 

OC 0.569 - 

PP 0.661 - 

PM 0.570 - 

RM 0.515 0.219 

Average 0.579 0.219 

For this model, the average of AVE for the endogenous variable is 0.579, and the average R² for all dependent 

variables is 0.219. Thus, the calculated, GoF= √(0.579×0.219) = 0.356. Goodness-of-fit (GoF) describes how well the 

model fits into a set of observations/data set. GoF achieved for the model in this study indicates that the model has a 

global medium validating power. 

5.6. Hypothesis Testing 

This testing is conducted using the bootstrapping technique on the model. When performing the bootstrapping 

function, many resample, i.e., 5000, are taken from the original sample with replacement to check to bootstrap 

standard errors [37]. The test results are as shown in Table 8.  

Table 8. Results of hypothesis testing 

Hypothesis (Relationship) t-value (≥1.96) Significant level 

H1: Resource management has a significant effect to PMO performance 1.980 Significant 

H2: Project management has a significant effect to PMO performance 2.045 Significant 

H3: Organisational culture has a significant effect to PMO performance 1.964 Significant 

Table 8 shows that all the exogenous constructs have a t-value above the cut-off value of 1.96, which indicates a 

significant relationship (supporting the hypothesis) to PMO performance. Most researchers agreed that project 

management has a strong effect on performance, such as Aftab et al. [38], Al-Hajj & Zraunig [39], and Unegbu et al. 

[40]. Furthermore, this finding is following the previous studies by Zulu [41] and Molaei, Bosch-Rekveldt, & Bakker 

[42], which stated that project management impacts performance. Therefore, it is undeniable that project management 

is crucial in an organization to secure and guarantees the company's viability. Hence, all the hypotheses are supported. 

6. Conclusion  

The project Management Office (PMO) section in any organization plays critical role. First, it formulates the 

standard and policies to be adopted by the organization. PMO strengthens the coordination among the stakeholders 

involved in any project to achieve the common goals successfully. The success of PMO depends of various factors. 

This paper developed a PLS-SEM model of factors affecting PMO implementation with PMO indicator performance. 

The model was developed with the Smart-PLS software application. A total of 12 iterations were run to get the 

acceptable level of indicator reliability and convergent validity of the measurement model. The PLS model has 

attained the adequacy of discriminant validity verified by analyzing the Fornell–Larcker criterion and cross-loading. 

For structural model evaluation, the PLS model was run to assess the overall fit known as GoF. This model attained 

the satisfaction level with a GoF value of 0.356. The results imply the importance of project management to the 

Project Management Office (PMO) performance. This finding is beneficial for construction practitioners to understand 

PMO implementation performance in the UAE construction industry. 

7. Declarations  

7.1. Author Contributions 

Conceptualization, M.T.S.A. and I.A.R.; methodology, M.T.S.A. and I.A.R.; software, M.T.S.A. and A.H.M.; 

validation, A.H.M. and I.A.R.; formal analysis, M.T.S.A. and N.A.N.N.; investigation, M.T.S.A. and N.A.N.N.; 

resources, A.H.M. and I.A.R.; data curation, M.T.S.A. and N.A.N.N.; writing—original draft preparation, A.H.M.; 

M.T.S.A.; writing—review and editing, A.H.M., M.T.S.A. and N.A.N.N.; visualization, I.A.R.; supervision, I.A.R.; 

project administration, I.A.R. All authors have read and agreed to the published version of the manuscript 



Civil Engineering Journal         Vol. 7, No. 12, December, 2021 

2116 

 

7.2. Data Availability Statement 

The data presented in this study are available on request from the corresponding author. 

7.3. Funding 

The authors received no financial support for the research, authorship, and/or publication of this article. 

7.4. Conflicts of Interest 

The authors declare no conflict of interest.  

8. References  

[1] Aubry, Monique, Brian Hobbs, and Denis Thuillier. “Organisational Project Management: An Historical Approach to the Study 

of PMOs.” International Journal of Project Management 26, no. 1 (2008): 38–43. doi:10.1016/j.ijproman.2007.08.009. 

[2] Al Ahbabi, M.S.M. “Process protocol for the implementation of integrated project delivery in the UAE: A client perspective.” 

Doctoral dissertation, University of Salford, (2014). 

[3] Govind Purohit, Krishna. "Influence of Project Management Office" What Is the Influence of Project Management Office in 

Regard to Client Expectation in IT Industry. Ireland: Liverpool John Moore’s University, 2012. 

[4] Taylor, Peter. Leading Successful PMOs: How to Build the Best Project Management Office for Your Business. UK: Gower 

Publishing Limited, 2016. 

[5] Too, Eric G., and Patrick Weaver. “The Management of Project Management: A Conceptual Framework for Project 

Governance.” International Journal of Project Management 32, no. 8 (2014): 1382–94. doi:10.1016/j.ijproman.2013.07.006. 

[6] Winch, G. M. “Managing Construction Projects.” John Wiley & Sons, (2010). 

[7] Yaghoobi, Tahere, and Firoozeh Haddadi. “Organizational Performance Measurement by a Framework Integrating BSC and 

AHP.” International Journal of Productivity and Performance Management 65, no. 7 (2016): 959–76. doi:10.1108/IJPPM-01-

2015-0001. 

[8] Rathore, Zenith, and Emad Elwakil. “Hierarchical Fuzzy Expert System for Organizational Performance Assessment in the 

Construction Industry.” Algorithms 13, no. 9 (2020): 205. doi:10.3390/A13090205. 

[9] Rezouki, Sedqi Esmaeel, and Jinan Kata’a Hassan. “An Evaluation of Barriers Obstructing the Applicability of Public Private 

Partnership (PPP) in Infrastructure Development.” Civil Engineering Journal 5, no. 12 (December 1, 2019): 2643–2664. 

doi:10.28991/cej-2019-03091439. 

[10] Latiffi, Aryani Ahmad, Patricia Carrillo, Kirti Ruikar, and Chimay J. Anumba. “The Need for Performance Measurement in 

Construction Strategy Development: A Current Scenario.” In Association of Researchers in Construction Management, 

ARCOM 2009 - Proceedings of the 25th Annual Conference, (2009): 403–412. 

[11] Levy, S.M. “Project Management in Construction.” McGraw-Hill Education. (2018). 

[12] Sandhu, Maqsood Ahmad, Tareq Zayed Al Ameri, and Kim Wikström. “Benchmarking the Strategic Roles of the Project 

Management Office (PMO) When Developing Business Ecosystems.” Benchmarking: An International Journal 26, no. 2 

(January 28, 2019): 452–469. doi:10.1108/bij-03-2018-0058. 

[13] Schibi, O. “Managing stakeholder expectations for project success: A knowledge integration framework and value focused 

approach.” J. Ross Publishing. (2013). 

[14] Shaukat, Azfar. “Executing Mega Projects and Key Lessons Learned.” In Society of Petroleum Engineers - Abu Dhabi 

International Petroleum Exhibition and Conference 2012, ADIPEC 2012 - Sustainable Energy Growth: People, Responsibility, 

and Innovation, 5:3868–71. Abu Dhabi, UAE, 2012. doi:10.2118/162554-ms. 

[15] Linde, J. Van Der, and H. Steyn. “The Effect of a Project Management Office on Project and Organisational Performance: A 

Case Study.” South African Journal of Industrial Engineering 27, no. 1 (2016): 151–61. doi:10.7166/27-1-1114. 

[16] Alqahtani, A. “An appraisal of the role of Project Management Offices (PMO) in promoting Knowledge Management (KM) 

within KSA construction companies.” Doctoral dissertation, University of Salford, (2019). 

[17] Almansoori, M. T. S., I. A. Rahman, and A. H. Memon. “Grading of Factors Affecting PMO Implementation in UAE 

Construction Industry.” Turkish Online Journal of Qualitative Inquiry (TOJQI) 12, no. 6 (2021): 1025-1032. 

[18] Durrheim, K. "Research Design Research in Practice: Applied Methods for the Social Sciences." M. Terre Blanche & K. 

Durrheim 29 (2004): 53. 



Civil Engineering Journal         Vol. 7, No. 12, December, 2021 

2117 

 

[19] Jongbo, O. C. "The role of research design in a purpose driven enquiry." Review of Public Administration and Management 

400, no. 3615 (2014): 1-8. 

[20] Gamil, Yaser, Ismail Abdul Rahman, Sasitharan Nagapan, and Nur Ain Ngah Nasaruddin. “Exploring the Failure Factors of 

Yemen Construction Industry Using PLS-SEM Approach.” Asian Journal of Civil Engineering 21, no. 6 (2020): 967–75. 

doi:10.1007/s42107-020-00253-z. 

[21] Baig, Saranjam, Mir Qasim, Li Xuemei, and Khalid Mehmood Alam. “Is the China-Pakistan Economic Corridor an 

Opportunity or a Threat for Small and Micro-Entrepreneurs? Empirical Evidence from Northern Pakistan.” Sustainability 

(Switzerland) 12, no. 5 (2020): 1727. doi:10.3390/su12051727. 

[22] Khahro, Shabir Hussain, Aftab Hameed Memon, Nafees Ahmed Memon, Ali Arsal, and Tauha Hussain Ali. “Modeling the 

Factors Enhancing the Implementation of Green Procurement in the Pakistani Construction Industry.” Sustainability 

(Switzerland) 13, no. 13 (2021): 7248. doi:10.3390/su13137248. 

[23] Leguina, Adrian. A Primer on Partial Least Squares Structural Equation Modeling (PLS-SEM). International Journal of 

Research & Method in Education. 2nd ed. Vol. 38. Sage Publications, 2015. doi:10.1080/1743727x.2015.1005806. 

[24] Nasaruddin, N.A.N. and Rahman, I.A. “Leadership characteristics in addressing construction challenges.” Penerbit UTHM, 

(2020). 

[25] Zaiţ, A, and P.S.P.E. Bertea. “Methods for Testing Discriminant Validity.” Management & Marketing IX, no. 2 (2011): 217–

24. 

[26] Fornell, Claes, and David F. Larcker. “Evaluating Structural Equation Models with Unobservable Variables and Measurement 

Error.” Journal of Marketing Research 18, no. 1 (1981): 39–50. doi:10.1177/002224378101800104. 

[27] F. Hair Jr, Joe, Marko Sarstedt, Lucas Hopkins, and Volker G. Kuppelwieser. “Partial Least Squares Structural Equation 

Modeling (PLS-SEM).” European Business Review 26, no. 2 (March 4, 2014): 106–121. doi:10.1108/ebr-10-2013-0128. 

[28] Chin, Wynne W. “The Partial Least Squares Approach for Structural Equation Modeling.” Modern Methods for Business 

Research 295, no. 2 (1998): 295–336. 

[29] Hair, Joseph F., Jeffrey J. Risher, Marko Sarstedt, and Christian M. Ringle. “When to Use and How to Report the Results of 

PLS-SEM.” European Business Review 31, no. 1 (2019): 2–24. doi:10.1108/EBR-11-2018-0203. 

[30] Hair, J.F., Black, W.C., Babin, B.J., and Anderson, R.E. “Multivariate Data Analysis.” Seventh Edition. Prentice Hall, Upper 

Saddle River, New Jersey, (2010). 

[31] Ramayah, T., Cheah, J., Chuah, F., Ting, H., and Memon, M.A. “Partial least squares structural equation modeling (PLS-

SEM) using SmartPLS 3.0.” In An Updated Guide and Practical Guide to Statistical Analysis. Pearson, (2018). 

[32] Cohen, Jacob. “Statistical Power Analysis for the Behavioral Sciences.” Lawrence Erlbaum, Hillsdale, NJ, (2013). 

doi:10.4324/9780203771587. 

[33] Tenenhaus, Michel, Vincenzo Esposito Vinzi, Yves Marie Chatelin, and Carlo Lauro. “PLS Path Modeling.” Computational 

Statistics and Data Analysis 48, no. 1 (2005): 159–205. doi:10.1016/j.csda.2004.03.005. 

[34] Hair, Joe F., Christian M. Ringle, and Marko Sarstedt. “PLS-SEM: Indeed a Silver Bullet.” Journal of Marketing Theory and 

Practice 19, no. 2 (2011): 139–52. doi:10.2753/MTP1069-6679190202. 

[35] Akter, Shahriar, John D’Ambra, and Pradeep Ray. “An Evaluation of PLS Based Complex Models: The Roles of Power 

Analysis, Predictive Relevance and GoF Index.” 17th Americas Conference on Information Systems 2011, AMCIS 2011, 

2011. Available online: http://ro.uow.edu.au/cgi/viewcontent.cgi?article=4186&context=commpapers (accessed on March 

2021). 

[36] Wetzels, Martin, Gaby Odekerken-Schröder, and Claudia Van Oppen. “Using PLS Path Modeling for Assessing Hierarchical 

Construct Models: Guidelines and Empirical Illustration.” MIS Quarterly: Management Information Systems 33, no. 1 (2009): 

177–96. doi:10.2307/20650284. 

[37] Hauser, David J., Phoebe C. Ellsworth, and Richard Gonzalez. “Are Manipulation Checks Necessary?” Frontiers in 

Psychology 9, no. JUN (2018): 998. doi:10.3389/fpsyg.2018.00998. 

[38] Aftab, J., Sarwar, H., Sarwar, H., and Amin, S. “Influence of project management performance indicators on project success in 

construction industry of Punjab, Pakistan.” International Research Journal of Management Sciences, 4(9), (2016):511-520. 

[39] Al-Hajj, Assem. “The Impact of Project Management Implementation on the Successful Completion of Projects in 

Construction.” International Journal of Innovation, Management and Technology 9, no. 1 (2018): 21–27. 

doi:10.18178/ijimt.2018.9.1.781. 

http://ro.uow.edu.au/cgi/viewcontent.cgi?article=4186&context=commpapers


Civil Engineering Journal         Vol. 7, No. 12, December, 2021 

2118 

 

[40] Unegbu, H.C.O., D.S. Yawas, and Dan-asabe B. “An Investigation of the Relationship between Project Performance Measures 

and Project Management Practices of Construction Projects for the Construction Industry in Nigeria.” Journal of King Saud 

University - Engineering Sciences (October 2020). doi:10.1016/j.jksues.2020.10.001. 

[41] Zulu, Sambo. “Impact of Project Management on Project Performance: A Structural Equation Modelling Approach.” In 

Association of Researchers in Construction Management, ARCOM 2007 - Proceedings of the 23rd Annual Conference, 2:651–

60, 2007. 

[42] Molaei, Maedeh, Marian Bosch-Rekveldt, and Hans Bakker. “Extending the View on Project Performance.” Administrative 

Sciences 9, no. 3 (2019): 65. doi:10.3390/admsci9030065.  




