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ABSTRACT: Confirmatory Factor Analysis (CFA) was used to identify the critical delay causing factors from 

amongtwenty-one significant road construction delay causing factors. The outcome of the Exploratory Factor 

Analysiswas deployed as input data in Covariance-Based Structural Equation Modelling (CB-SEM) using the Analysis 

of Moment Structures (AMOS) software version 20.00 incorporated with programme Statistical Package for Social 

Science (SPSS). The critical factor causing construction delay of road projects awarded in the Niger Delta Region of 

Nigeria from client’s perspective are:mistakes and discrepancies (due to errors and omissions) in design documents, 

inadequate procurement planning of material, shortage of construction materials in market (bitumen, cement and steel), 

no budgetary provision/removal from properties, inadequate planning/scheduling of works, and difficulties in financing 

project by contractors. Also, the CB-SEM revealed the existence of strong inter-variable relationships among 

endogenous and exogenous latent variables. These include relationships between external factors and materials related 

factors; between owners contributed factors and project related factors; and between contractor contributed factors and 

material related factor 

 

I. INTRODUCTION 
 

Structural Equation Modelling (SEM) is widely used in psychology, sociology as well as marketing and management 

sciences (Hair et al, 2011) and it is finding increasing applications in research issues of construction engineering and 

management (Aibinu et al, 2011). Ogbeide et al (2021b&c) used Explorative Factor Analysis to identify twenty-one 

significant construction delay factor affecting road projects awarded by NDDC in the Niger Delta Region of Nigeria 

out of sixty-three factors investigated. Available literatures mostly identify such influencing factors by using the 

analysis of regression method and/or also the important and significant indices methods. However, in the study by 

Ogbeide et al (2021b), the Cronbach Alpha Collection (CAC) was employed to test the questionnaires used for data 

collection and they were found to be statistically significant. The reliability analysis employed the use of interclass 

correlation of coefficients, multivariate analysis of variants (MANOVA) and the box test (Covariance Matrix). 

 

There is the misnomer in the use of the words “significant” and “critical” interchangeably to refer to the same set of 

factorial delay indicators. The need to efficiently and effectively deploy resources on mitigation measures would as a 

matter of priority consider the critical delay causing factors from among the significant factors. In this study, 

Covariance-Based Structural Equation Modelling (CB-SEM) is used to determine the critical delay causing factors out 

of the established twenty-one significant factors. Also, the model fit in CB-SEM will be used to conduct the maximum 

likelihood prediction methodology which is dependent on the multivariate normality that reproduces the correct 

measure of associations among the latent variables (Alaloul et al, 2020). Additionally, the Structural Equation Model 

have the potentials to establish relationships among the latent variables causing construction delays. 

 

II. LITERATURE REVIEW 
 
Structural Equation Modelling (SEM) is the graphical equivalent of a mathematical representation to study relationship 

between dependent variables to explanatory/indicative variables (Byrne, 2010). It is a multivariate method which 

examines the relationship between exogenous latent variables and endogenous latent variables. SEM uses various types 

of theoretical models to describe the relationship among observed and latent variables, which provides the quantitative 

test for a researcher’s hypothesis (Byrne, 2010). It is a systematic statistical technique used in investigating causal 
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relationships between multidimensional factors and it enables the development of a causal indicator model in which a 

latent theoretical construct of interest is represented by measured variables (Islam and Faniran, 2005). According to Ng 

et al (2010), SEM functionality is better than other multivariate techniques including multiple regression, path analysis 

and factor analysis in analysing the cause-effect relations between latent constructs.  Apart from allowing analysis to 

determine what factors underlie a set of indicators, SEM also make it possible to examine the strength of the 

relationship between these theoretical constructs. 

The basis for the measurement model is the reliability and the constructs validity tests. The construct validity consists 

of two parts, namely: convergent validity and discriminate validity. The convergent validity refers to the extent to 

which the items of the specified constructs should converge to share a high proportion of variance in common 

while,discriminate validity means the extent to which one construct is truly different from another construct (Kaur and 

Singh, 2020).  

 

First generation techniques such as factor analysis and regression modelling were the most frequent analysis methods 

that were used to evaluate the significance of the delay factors (Doloi et al, 2012; Truong et al, 2015)  However, Since 

first generation techniques encounter some limitations, for example, low ability to illustrate causal or complex 

modelling, failure to include latent or unobservable construct in the causal modelling, measurement error is neglected 

and more, it behoves that Structural Equation Modelling (SEM), from second generation technique is well suited to 

overcome the limitations. Multivariate analysis techniques are shown in Table 1. 

 

Table 1: Type of Multivariate Analysis (Source: Zainol, 2016) 
 

Type Method  

First   

Generation  

Technique  

Factor Analysis  

Cluster Analysis  

Multidimensional Scaling (MDS)  

Logistic Regression  

Multiple Regression  

Multivariate Analysis of Variance (MANOVA)  

Second   

Generation  

Technique  

Structural Equation Model, SEM   

- Covariance Based   

- Partial Least Square  

 

Memon et al (2012) and Ramli (2018) collectively identified four approaches in use for Structural Equation Modelling. 

They are the Covariance-based structure analysis (CB-SEM), the Component-based analysis using partial least square 

estimation (PLS-SEM), the Generalised Structural Component Analysis (GSCA) and the Nonlinear Universal 

Structural Relational Modelling (NEUSREL), 

In CB-SEM, observed variables have data that can be directly measured by a researcher, for example, numeric 

responses to a rating scale question on a questionnaire, while latent variables are variables that are of interest to a 

researcher but not directly observable (Byrne, 2010).   Kline (2011) states that only factor loading of measured 

variables greater than 0.60 are reserved for SEM analysis and Zhao et al (2017) advanced reasons supporting the use of 

CB-SEM in studies of this nature. They include: inclusion of latent variables in the model with the measurable 

variables, examining and establishing relationships among the latent variables, andSEM is capable of combining 

theoretical and empirical knowledge to advance understanding’ 
 

III. RESEARCH METHODOLOGY 
 

CB-SEM MODELLING 

The Covariance method (Maximum Likelihood approach) was used since it can accommodate missing data and zero 

values. The aim was to compute the path coefficients through the reduction of the variances among sample covariance 

as well as those estimated by the proposed model.SEM Analysis Flowchart is shown in Figure 1. 
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Figure 1: SEM Analysis Flowchart (Source: Alaloul et al, 2020) 
 
To evaluate the adequacy of the model in explaining the validity of the set hypothesis, Model-fitstatistics adopted from 

the works of previous researchers were employed. The model fit statisticsused to assess the models overall goodness of 

fit is presented in Table 2. 

Joreskog and Sorbom (1981) introduced two Goodness-of-fit indices called AFI Goodness of Fit)and AGFIAdjusted 

GFI). The GFI indicates goodness-of-fit, and the AGFI attempts to adjust theGFI for the complexity of the model. 

There are also the Tucker-Lewis Index TLI (Tucker andLewis, 1973), better known as the Non-Normed Fit Index 

(NNFI) and the Normed Fit Index NFI(Bentler and Bonett, 1980). They adjust for complexity of the model. According 

to HoxandBechger (1998), simulation research shows that all these indices still depend somewhat on samplesize, while 

TLI/NNFI shows the best overall performance. If the model fits perfectly, the fit indices should have a value of 1. 

Usually, a value of at least 0.90 is required to accept a model, while avalue of at least 0.95 is required to judge the 

model fit as “good” (Zhao et al, 2019). Anotherapproach to model fit is to accept that models are only approximations, 

and that perfect fit may beunrealistic to ask for. Instead, the problem is to assess how well a given model approximates 

the true model. This view led to the development of an index called RMSEA, for Root Mean SquareError of 

Approximation (Cudeck and Henly, 1991).  

 

EXPLORATORY FACTOR ANALYSIS AND GENERATION OF INPUT DATA FOR CFA ANALYSIS 

Exploratory factor analysis (EFA) was employed to explain the opinions of the client with regards to causes of 

construction delay of roads projects awarded by NDDC (Ogbeide, 2021; Ogbeide et al, 2021b). The selected eighteen 

(18) from the twenty-one (21) significant factors are shown in Table 3. Using the outcome of exploratory factor 

analysis, the input data for confirmatory factor analysis were generated from the raw questionnaires and presented in 

Tables 4. 
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Table 2: Goodness-of-Fit statistics of model measurement 
 

S/n Fit Index  Description Recommen 
ded Range 

Source 

                                         Absolute Goodness of Fit 

1 CMIN (Minimum 

discrepancy function) 

 -  Hair et al (2010) 

2 DF  (Degree of 

freedom) 

 -  Hair et al (2010) 

3 CMIN Significance  

(Model probability 

value) 

 p < = 0.05  Hair et al (2010) 

4 CMIN/DF  Check whether te covariance structure of the 

model is adequately the same as the covariance 

matrix of the observed data 

< 5.0  (Bentler and 

Bonnett, 1980) 

5 GFI  (Goodness of Fit 

Index) 

Check overall fit of the model; percent of the 

covariance of the observed data can be explained 

by the covariance of the model   

> 0.80  (Joreskog&Sorbom, 

1981 

6 AGFI (Adjusted 

Goodness of Fit 

Index) 

 > 0.80  (Joreskog&Sorbom, 

1981 

                                                Incremental Fit Measure  

7 NFI (Normal Fit 

Index) 

Explore the improvement of the overall fit of te 

model to independent model.  

> 0.90  (Bentler and 

Bonnet 1980) 

8 RFI (Relative Fit 

Index) 

 > 0.90  (Bollen, 1986) 

9 CFI (Comparative Fit 

Index) 

Examine whether the model fits the observed data 

better than the independent model  

> 0.90  (Hu and Bentler 

1999) 

10 TLI (Tucker-Lewis 

Index) 

 > 0.90  (Tucker and Lewis, 

1973) 

                                              Absolute Badness of Fit 

11 RMSEA (Root-mean-

square error of 

approximation 

Check the mean value of the covariance residual  < 0.06  Cudeck, R. and 

Henly, S.1991) 

 

Table 3: Selection of most significant causes of construction delays according to Client view 
 

S/n Codes Description Client’s view of most important factors 
1 A Owner 

contributed 

factors; 

Delay in payment for certified works 

Late in revising and approving design document 

Wrong choice of consultant/contractors 

2 B Contractor 

contributed 

factors; 

Difficulties in financing project 

Conflicts in sub-contractor’s schedule in execution of works 

Inadequate planning/scheduling of works 

3 C Consultant 

contributed 

factors; 

Delay in approving major changes in the scoop of work 

Mistakes and discrepancies (due to errors and omissions) in design 

documents 

Defective BEME 

4 D Project related 

factors; 

Legal disputes between various parties 

Deficiency in BEME 

No budgetary provision/removal from properties 

5 E Materials 

contributed 

factor 

Shortage of construction materials in the market 

Inadequate procurement planning of material 

Fluctuation in price of construction materials 

6 H External 

factors; 

Changes in Government/Governing Board of regulations of laws 

Fraudulent practices and corruption/diversion/misappropriation 

Youth unrest, communal crisis, militancy 
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MEASUREMENT MODEL 
Figures 2 shows the final measurement models for causes of delay of road projects awarded by NDDC. In Figure 2, the 

path arrows show the hypothetical relationship among the dependent variables and the independent variables (measured 

indicators).  The rectangular shapes indicate the observed variables that are the individual items on the questionnaire 

survey. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Final Measurement model for causes of construction delay 

 

IV. ANALYSIS OF RESULTS 
  
PATH DIAGRAMS FOR CB-SEM 

Confirmatory factor analysis (CFA) is a multivariate statistical procedure that is used to test how well the measured 

variables represent the number of constructs. The path diagram for the final confirmatory factor analysis of significant 

causes of construction delay based on the client view point is presented in Figure 3. 
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Table 4: Extract of CFA data based on client’s view on significant causes of road construction delay 
 

OW
N-1 

OW
N-3 

OW
N-
12 

CT
R-1 

CT
R-3 

CT
R-5 

CN
S-1 

CN
S-4 

CN
S-8 

PJ
R-
1 

PJ
R-
4 

PJ
R-
6 

MT
R-1 

MT
R-3 

MT
R-5 

EX
T-4 

EX
T-6 

EX
T-8 

5 5 4 5 3 4 5 4 4 3 5 4 2 2 2 5 5 5 

3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

3 3 4 4 4 3 2 3 4 3 2 4 3 2 3 4 4 3 

5 5 4 5 3 4 4 5 4 3 5 5 4 4 4 4 5 4 

5 5 4 5 3 4 5 4 4 3 5 4 2 2 2 5 5 5 

5 5 4 3 3 3 3 4 4 5 5 4 2 2 2 4 4 5 

4 5 4 5 2 4 3 4 5 4 5 5 4 4 3 4 3 5 

5 4 3 5 3 4 5 5 5 1 5 5 1 2 5 5 5 3 

5 5 4 5 3 4 5 4 4 3 5 4 2 2 2 5 5 5 

5 4 5 5 3 4 4 4 4 3 5 4 5 4 4 5 4 2 

5 3 4 5 4 4 4 4 4 3 5 4 5 5 4 4 3 2 

4 4 2 4 2 3 3 4 3 3 3 4 2 3 3 2 4 2 

5 5 3 5 4 4 4 5 5 3 4 4 3 2 4 4 4 4 

5 4 4 5 4 4 3 2 2 2 3 3 4 3 4 4 5 3 

5 5 4 5 3 4 5 4 4 3 5 4 2 2 2 5 5 5 

2 4 4 4 4 5 4 5 5 5 4 4 3 4 4 3 3 4 

5 5 4 5 3 4 5 4 4 3 5 3 2 2 2 5 5 5 

1 5 2 5 3 3 2 4 4 1 3 2 1 1 3 1 4 5 

5 5 5 5 3 4 5 4 4 3 5 5 4 4 4 4 4 4 

4 3 4 4 4 4 3 2 3 2 2 3 3 2 5 4 4 3 

4 3 5 4 3 4 3 4 5 4 4 3 4 4 3 3 3 2 

5 5 4 5 3 4 5 4 4 3 5 4 2 2 2 5 5 5 

4 4 4 4 4 4 4 4 4 2 4 2 3 4 5 2 4 5 

5 5 5 5 3 4 4 4 4 3 5 5 4 4 4 4 4 4 

4 3 4 4 3 4 3 2 3 2 2 3 3 2 5 4 4 3 

5 5 4 5 3 4 5 4 4 3 5 4 2 2 2 5 5 5 

4 3 5 4 3 4 3 4 5 4 4 3 4 4 3 3 3 2 

5 4 4 5 4 4 3 2 2 2 3 3 4 3 3 4 5 3 

5 5 4 5 3 4 5 4 4 3 5 4 2 2 2 5 5 5 
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Figure 3: Path diagram for significant causes of construction delay based on client view 
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ANALYSIS OF MODEL RESULTS 

To determine the unobserved variables with strong relationship, covariance matrix was calculated and presented in 

Table 5 

 
Table 5: Structural equation results for final model of significant causes of construction delay from client’s view 
 

 
From the result of Table 5, p-values less than 0.01 are considered as exhibiting strong relationships andthe following 

conclusions could be inferred. 

i. The relationship between contractor contributed factors and material related factor is very strong with a p-

value of 0.002. 

ii. The relationship between owners contributed factors and project related factors is very strong with a p-value 

of 0.003, and 

iii. The relationship between external factors and materials related factors is very strong with a p-value of 0.005 

To determine the observed variables with the highest contributory influence (critical factors) on construction delay, the 

square multiple correlation coefficients was computed for all the selected observed variables (significant factors) and 

presented in Table 6. 

Variables with squared multiple correlations greater than 0.5 are selected as critical. From the result of Table 6, the 

critical causes of construction delay on road projects awarded by NDDC were identidfied  to include: 

i  Mistakes and discrepancies (due to errors and omissions) in design documents (CNS-4, 

1.100) 

ii Shortage of construction materials in market (bitumen, cement and steel) (MTR-1, 0.874) 

iii Inadequate procurement planning of material (MTR-3, 0.837) 

iv Inadequate planning/scheduling of works (CTR-5, 0.733) 

v No budgetary provision/removal from properties (PJR-4, 0.712) 

vi Difficulties in financing project y contractors (CTR-1, 0.671) 

5.5  Assessment of Model Fitness of significant causes of construction delay from client’s view 

Results of the model fit statistics is presented in Tables 7 a-c 

 

 
 
 
 
 
 
 
 

http://www.ijirset.com/


International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

            | e-ISSN: 2319-8753, p-ISSN: 2347-6710| www.ijirset.com | Impact Factor: 7.569| 

|| Volume 10, Issue 9, September 2021 || 

| DOI:10.15680/IJIRSET.2021.1009103 | 

 

IJIRSET © 2021                                                      |     An ISO 9001:2008 Certified Journal   |                                                13213 

 

Table 6: Square multiple correlation estimate of the final model of construction delay fromclient’s view 
 

 
Table 7a: Result of model fit statistics of construction delay from client’s view 

 

 
 

From the results of Table 7a, it was observed that the model is significant with calculated p-value of 0.000. In addition, 

the chi square (CMIN) value of 606.368 for the default model is small compared to the value of the independent model 

of 1212.655 and this support the proposed theoretical model being tested. More fit-statistics of the model is presented 

in Tables 7b and 7c respectively. 
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Table 7b: Result of model fit statistics of construction delay from client’s view 
 

 
 

Table 7c: Result of model fit statistics of construction delay from client’s view 

 

 
 

Using the recommended fit statistics of model measurement presented in Table 2, the overall result of the model was 

generated and presented in Table 8, From the results of Table 8, it was observed that the statistical parameters of the 

model are exceptionally good. It was concluded that the confirmatory factor analysis showed an acceptable overall 

model fit and hence, the theorized model fit well with the observed data. 

 

 

Table 8: Fit statistics of model measurement for significant causes of roadconstruction delay in NDR. 
 

S/n Fit Index  Recommended 
Range 

Source Obtained Model 
Index 

1 CMIN (Minimum 

discrepancy function) 

-  Hair et al (2010) 606.368 

2 DF  (Degree of freedom) -  Hair et al (2010) 120 

3 CMIN Significance  (Model 

probability value) 

p < = 0.05  Hair et al (2010) 0.000 

4 CMIN/DF  < 5.0  (Bentler and 

Bonnett, 1980) 

5.053 

5 GFI  (Goodness of Fit Index) > 0.80  (Joreskog&Sorbom, 

1981 

0.994 

6 AGFI (Adjusted Goodness of > 0.80  (Joreskog&Sorbom,  
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Fit Index) 1981 

7 NFI (Normal Fit Index) > 0.90  (Bentler and 

Bonnet 1980) 

0.969 

8 RFI (Relative Fit Index) > 0.90  (Bollen, 1986) 0.941 

9 CFI (Comparative Fit Index) > 0.90  (Hu and Bentler 

1999) 

0.994 

10 TLI (Tucker-Lewis Index) > 0.90  (Tucker and Lewis, 

1973) 

0.989 

11 RMSEA (Root-mean-square 

error of approximation 

< 0.06  Cudeck, R., and 

Henly, S. J.,1991) 

0.029 

 

 
V. CONCLUSION 

 
The findings on critical causes of construction delay from client’s perspectives from this study includes: 

(a) The CB-SEM showed an acceptable overall model fit and hence, the theorized model fit well with the 

observed data, thus confirming that road construction delay in the Niger Delta Region of Nigeria is caused by client-, 

contractor-, consultant-, project-, material-, equipment-, labour- and external - related factors was accepted. 

(b) A strong inter-variable relationship was observed to exists among endogenous and exogenous 

variablesregarding significant latent factors causing construction delay of roads in the Niger Delta Region of Nigeria. 

These are relationships between: external factors and materials related factors; owners contributed factors and project 

related factors;as well as, contractor contributed factors and material related factors. 

(c) The critical factors causing construction delay of road projects awarded by NDDC in the Niger Delta Region 

from client’s perspectiveinclude: mistakes and discrepancies (due to errors and omissions) in design documents, 

inadequate procurement planning of material, shortage of construction materials in market (bitumen, cement and steel), 

no budgetary provision/removal from properties, inadequate planning/scheduling of works, and difficulties in financing 

project by contractors.  
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