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Abstract

This paper examines the effects of delays in the Algerian construction industry in order to
identify the various critical aspects of the causes for improving the economy in the
construction sector. A questionnaire survey was conducted to assess the perceptions of all
players in the construction industry, which led to the identification of the most significant
impacts of delays. The results show that ten main effects of delays in the construction
sector are at the origin of many constraints that have a negative impact on the economy of
the country. Further, the factor analysis technique was performed to categorize the
identified effects into main groups, and it yielded 5 groups (factors). As an important
contribution, the relationship between these groups was tested using the SMART-PLS,
and a structural model has been developed. Also, a comparative study with other previous
works on the most critical effect of delays in construction projects has been conducted and
the results show that the main effects of delays in the construction industry are at the root
of many constraints in reaching and achieving the objectives.
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1. INTRODUCTION

The construction industry is one of the major sectors that contribute tangibly to
the economic growth of countries [11, 42, 4]. Its importance is attributed to its
high linkage with the other economic sectors [4]; since it allows creating the
necessary infrastructure of transportation (roads, airports, ports, highways...etc)
which play a pivotal role in economic activities (trade, exchange, importation,
exportation). Moreover, it provides the required infrastructure for the other
economic sectors (hospitals, schools, administrative buildings... etc), generates
employment and wealth [9, 32, 43], and it constitutes an efficient way to reduce
poverty and improve life quality [12, 40].

Despite the positive impact of the construction projects on achieving the
objectives of social and economic development of countries, it is always followed
by different challenges among those its frequent delay. Delay is one of the most
recorded and serious issues in construction projects worldwide, and it has multiple
undesirable effects on projects and thereby influences the entire economy of the
country. For the last two decades, extensive research on time delay has been
carried out over the world. The majority of these studies are focusing on causative
factors. In contrast, only a few studies are consecrated to the effects of delay while
other studies are devoted to discussing both causes and effects of delay
simultaneously. In 2002, Aibinu and Jagboro[3] carried out a study for identifying
and evaluating the effects of delay in the Nigerian construction project, Aibinu
and Jagboro[3] emphasized that time and cost overruns, litigation, arbitration, and
total abandonment were the main effects of delay in the Nigerian construction
project. Sambasivan and Soon [39] conducted a questionnaire survey to determine
the delay factors and their effects on construction projects in Malaysia. The
findings show that poor site management, improper planning, and lack of
experience were the three prominent factors of delay, while the most significant
effects were time overrun cost overrun, disputes, arbitration, litigation, and total
abandonment. Further, an empirical relationship had been established between
causes and effects. Similarly, Abdullah[1] developed a questionnaire survey to
determine the main causes and effects of delay in large MARA (Majlis Amanah
Rakyat) construction projects in Malaysia, and they found similar results to the
findings of Sambasivan and Soon [39]. Kikwasi [24] designed a descriptive study
to assess the causes and effects of delay in Tanzania. The relative importance
index (RII) was adopted in ranking causes and effects. The findings show that the
highly ranked causes were design change, and problems of communication, while,
the most significant effects were: times and cost overruns, negative social impact,
disputes, and idling resources, Owalabi et al. [35] evaluated 15 causes and 8
effects of delays in Nigeria using the mean index score (MIS). Sunjka and Jacob
[41] examined 38 causes and 8 effects of project delays in the Niger Delta region
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of Nigeria. Ojoko et al. [33] adopted the same method for analysing 32 causes and
10 effects of delay in Nigeria, the main results of these 3 studies were as follow:
Inadequate planning, poor contract management, inappropriate design, poor
communication and coordination, and slow decision-making were the most
critical causes of delay in Nigeria. On the other hand, time and cost overruns, poor
quality, disputes, bad public relations, arbitration, litigation and claim, total
abandonment, and reduced profit were the most significant effects of delay in
Nigeria.

In their study of the causes and effects of delay in Ghana, Amoatey et al.[6], have
reported that the factors behind delays in Ghana were those related to financial
problems, besides, cost overrun, time overrun, litigation, arbitration, and lack of
continuity by the client were the 5 most significant effects.

In 2016, Khair et al. [23] designed a questionnaire survey to find the critical causes
and effects of delay and the effective methods of minimizing delays in the road
construction projects in Sudan. The findings reveal that the shortage of resources
and the payment difficulties were the most important causes of delay, and that cost
overrun and time overrun were the main results of delay. Also, Khair et al. [23]
pointed out that the effective methods of minimizing delays were found to be the
choice of project managers with sufficient experience and knowledge in project
management and the use of proper techniques for projects. Similar findings were
also reported by Obodoh [31] in their study of causes, effects and the methods of
delay reduction in Nigeria. Also, Nyoni [30] investigated the causes and effects
of delays in construction project in Zimbabwe, and their results were in the line
with Khair et al. [23]. In Libya, Kusakci et al. [25] performed a study that aimed
at evaluating the causes and effects of delay in oil construction project. The output
of the study discloses that security problems, material shortage, and construction
method were the leading factors to construction delay. Whilst, cost and time
overrun, disputes, total abandonment and arbitrage were the common results of
delay in Libya. Furthermore, Gebrehiwet and Luo [17] carried out a questionnaire
survey to investigate the typical causes of delay and its effects at different stages
of construction (pre-construction, construction, and post-construction) in the
Ethiopian projects. According to the study outcome cost overrun, time overrun,
arbitration, contract termination, and litigation were the critical effects of delay.
In addition, the study indicates that the construction phase is greatly influenced,
followed by the pre-construction and post-construction phases. In another related
study, Mukuka et al. [27] have using the mean item score (MIS) to assess the
effects of schedule overruns on construction projects in the Gauteng province of
South Africa. The finding shows that the ten major effects of schedule overrun
were extension of time, cost overruns, loss of profit, poor quality of work,
disputes, claims, creates stress to the client, bad reputation with the construction
team, acceleration losses, and delay in getting profit by the client. To measure the
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effects of delay in construction projects of Punjab-Pakistan, Haq et al. [19]
conducted a study based on a questionnaire survey administered to 37 construction
firms, various statistical tools have been applied for data analysis and inference.
The results show that delay in construction has significant effects and contributes
to 75% of cost overrun, 72% of time overrun, and 31% of project abandonment.
Moreover, Gbahabo and Ajuwon [16] conducted a qualitative study to provide a
conceptual overview of project overruns in Sub-Saharan Africa. The findings of
the research show that project overruns can have a damaging economic effect
including allocative inefficiency of scarce resources, further delays, contractual
disputes, litigation, claims, project failure, and total abandonment. Similarly,
Ullah et al. [45] investigated 17 effects of delays in Malaysian building projects
by conducting a questionnaire survey among the key project participants. It was
revealed that: time overrun, cost overrun, loss of profit, poor quality of work,
dispute, claim, arbitration, litigation, contract termination, and total project
abandonment were the main effects of delays in Malaysian building projects. A
comparison with other countries enabled them to disclose that the top five effects
of delay in Malaysia also found in different developing countries. In their study
ofthe causes effects of delay on project delivery time in Somalia Salah and Ahmed
[38] have found that time overrun, disputes between parties involved, increase in
the final cost of project, and reduced profit were the most prominent effects of
delays. For their side, Oshungade and Kruger [34] have made a comparative study
of causes and effects of delays and disruption in the South African construction
industry. They start first by identifying the main causes and effects of delay in
South Africa using the frequency, the severity and the importance’s indices. Out
of 48 identified causes 16 have emerged as important among them strikes, rework,
shortage of materials, suspension of work, and poor communication. Likewise the
5 effects that found to be crucial were; create stress on contractor, cost overrun,
time overrun, poor quality, and disputes. A comparison of the top causes and effect
in South Africa with other African countries allows them to conclude that out of
the 16 major, five causes were found to be unique to South African construction
projects. In contrast only 2 effects (create stress on contractor and poor quality)
were found to be specific to the South African construction projects. In more
recent years, Serani and Bayeh [42] have studied the causes and the effects of
delay in building construction in Ethiopia using the frequency, the severity and
the importance indices, and they found that economic condition, fluctuation in the
price, improper planning, slow decision making were the main cause of delay.
And that time and budget overruns, poor quality, wastage and underutilization of
human and material resources, abandonment of building projects were the top
effects of delays in Ethiopia. Further, Rashid [37] have developed 11 hypotheses
to test ‘the impact of 7 identified factors of delay in Pakistani construction’ on
‘project delay’ and then, the impact of ‘delay’ on ‘4 identified effects’. Structural
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equation modelling (SEM) and multiple regressions were applied to test the 11
hypotheses. The results show that: factors related to contractor, consultant, client,
material, and equipment have significant impact on project delay, while the impact
of general and labour factors were found to be insignificant. Also, the findings
disclose that delay has significant positive effect on all the identified effects, and
that delay causes 75% of cost overrun, 72% of time overrun, 67% of litigation,
and 31% of project abandonment. In Algeria, despite the efforts made by the State
in the field of construction, delays continue to be recorded, and these have
multitude negative effects on projects and its participating parties. In spite of that,
very few studies have investigated the problem of delay in Algerian construction
projects. The study conducted recently by Rachidet al. [36] was focused on the
identification of factors causing delay in Algeria with no attention to the effects
of delay. So there is an acute necessity to measure the effects of delay in Algeria.

Based on the aforementioned studies we summarize as follows:

e The majority of scholars have used the effects identified by (Aibinu and
Jagboro [3] as base of their studies.

e The previous studies on the effects of delay on construction projects were
limited to a minimum number of effects (the most exhaustive list was that of
Kikwasi [24] with 20 items).

e The relative importance index (RII) was the most used techniques in analysing
the effects of delays (see figure 1).

e None of the previous studies have categorized the effects of delay into main
groups.

e None of the previous studies have studied the causal relationship between the
effects of delay.

e None of the previous studies have studied the effect of delay in Algeria.

Therefore, to fill these gaps, the present study is designed to make a

comprehensive list of the effects of delay and to assess the relative importance of

these effects in the context of the Algerian construction projects (using the most
popular technique found in literature (RII)). Also, as an important contribution
we have categorized the identified effects into main groups using the factor
analysis technique. Another contribution of this research to the existing literature
is to test the relationship between the identified groups of effects using the

SMART — PLS method.

To the best of our knowledge, this study is pioneering in the area of project

management in Algeria, with a focus on the effects of delay in construction

projects; as no previous research has identified the effects of construction delays
in Algeria.
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Techniques used torank delay effectsin previous studies

BRII mMIS = Statisticaltools ~ FI @mSI ®mIMPI ®mSEM

Fig. 1.Techniques used to rank delay effects in previous studies

RII: relative importance index, MIS: mean items score, FI: frequency index, SI: severity
index, IMPI: importance index

2. RESEARCH OBJECTIVES

This study seeks to accomplish the following objectives:

e To identify the effects of delay in Algerian construction projects;

e To assess the relative importance of these effects;

e To study the difference between the perceptions of the major project
stockholders (project owners, consultants, contractors);

e To uncover any underlying interrelationship existing among the effects of
delay in terms of importance;

e To test the relationship among the groups of effects;

e To compare the top 10 effects of delay in Algeria with other countries.

3. RESEARCH METHODOLOGY

A questionnaire survey was developed to assess the perceptions of owners,
consultants, and contractors on the significant effects of delay in the Algerian
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construction project. A comprehensive list of 31 effects was identified through
literature reviews and from interviews with specialists on the field of construction
(Table 1 shows the identified effects and their codes). Afterward, respondents

were asked to give their perceptions on the level of importance of these effects.

To determine whether there is an agreement among the three groups in their
assessments of the effects of delay, one way ANOVA was used. Further, the
technique of factor analysis was performed in order to categorize the effects of
delay. And, the SMART-PLS method was applied to test the relationship among

the groups of effects.
Table 1. Effects of Delay in Algeria

Effect ID Effects of delay

El Cost overrun

E2 Additional cost of equipment and increased labour
E3 Tying down of client capital due to non-completion of the project
E4 Negative impact on the economy of the country

E5 Aging of the project before its delivery

E6 Time overrun

E7 Delaying the functioning beginning of the project and the use of space
ES8 Poor quality

E9 Impact on the structure sustainability

E10 Wastage and underutilisation of human and material resources
Ell Reducing the corporate profit margin of contractors
El12 Failure of the company

E13 A penalty of delay on the company

El4 Bad public relations

E15 Social problem especially in the case of housing
El6 Loss of belief of citizens

E17 Negative public perception

E18 Dissatisfaction of all parties involved

E19 Frustration of the various stakeholders

E20 Litigation and claims

E21 Dispute between the parties involved

E22 Loss of productivity

E23 Loss of Job and Income

E24 Suspension of work

E25 Disruption of work

E26 Contract termination

E27 Total abandonment

E28 Disruption of the program

E29 Failure of the project

E30 Non-achievement of objectives

E31 Negative impact on the image of the city
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4. QUESTIONNAIRE DESIGN

Data were gathered through a questionnaire survey. The questionnaire was
divided into two main parts:

e The first part requested background information about the respondents (sex,
age, position, years of experience, labour organization).

e The second part of the questionnaire focused on the effects of delay in the
Algerian construction project. An ordinal five-point Likert scale ranged from 1:
very low to 5: very important, was adopted to assess the relative importance of
each effect of delay as perceived by the respondents.

A multitude of methods of distribution has been used to ensure the fast spread of
the questionnaire: questionnaires sent by email, hard copy personally handed out,
and via interviews. In addition, to get the trust of the surveyed participants and to
promote the response rate, we have assured the participants that all the information
gathered will be kept strictly confidential, and we have promised them to ensure
their anonymity and to share with them the results of our study. The questionnaire
survey was started in October 2018 in Algeria; over three months, 114
questionnaires were returned representing a response rate of 71.25%. This was
considered adequate for the analysis based on Moser and Katlon’s affirmation (as
cited in Aibinu and Jagboro [3]) ‘the result of a survey could be considered as
biased and of little value if the return rate was lower than 30-40%".

5. ANALYTICAL APPROACH

The collected data were analysed using the relative importance index (RII) as
stated by many researchers [3, 17, 23, 24, 25, 31, 30, 39, 45]

Rip = 2 (5.1)
N
Where:
a 1s a constant that expresses the weight given to each effect, varies from 1 to 5.
nis the response frequency. And N is the total number of respondents.

6. DISCUSSION AND RESULTS

6.1. Respondents’ profiles

A total number of 160 questionnaires were distributed to public and private
practitioners in construction projects in Algeria. 114 completed responses were
collected, 62 responses (54.5%) were from the public sector, and 52(45.6%) were
from the private sector. The respondents included: 21 project owners, 44
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consultants, and 49 contractors. The majority of respondents (74.6%) belong to
the age group between 25 and 40 years old; 50.9% of respondents have more than
5 years of experience (among them: 30.7% have an experience that ranged from
5 to10 years, 12.3% have between 10 and 15 years of experience and 7.9% have
more than 15 years of experience). Table 2 summarizes the status of the
respondents.

Table 2.The respondents’ profiles

Description | Frequency | Percentage
Age
[20- 25] 17 14.9%
[25-40[ 85 74.6%
40 and older 12 10.5%
TOT 114 100%
Position
Architect 43 37.7%
Civil engineer 31 27.2%
Project Manager 27 23.7%
Others 13 11.4%
TOT 114 100%
Sector
Public 62 54.4%
Private 52 45.6%
TOT 114 100%
Working experience
Less than Syears 56 49.1%
[5-10[ 35 30.7%
[10-15] 14 12.3%
Over 15 years 9 7.9%
TOT 114 100%
Type of organization
Owner 21 18.4%
Consultant 44 38.6%
Contractor 49 43.0%
TOT 114 100%

6.2. Reliability of the questionnaire
Cronbach’s alpha was measured to test the reliability of the questionnaire and to
determine the internal consistency of 31 elements. According to Santos and
Reynaldo [40], ‘an alpha value of Cronbach greater than 0.7 implies that the
instrument is acceptable’; as given in Table 3 the value of Cronbach’s alpha was
0.896, which ensures that there are internal consistency and good reliability of the
questionnaire.
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Table 3.Cronbach’s Alpha for Effects of Construction Delays
Reliability statistics

Cronbach’s Alpha Number of elements
0.896 31

6.3. Statistical test of the questionnaire’s

In order to check the questionnaire results’, we have carried out one sample t-test
of student. This test is commonly used to affirm the correspondence of the samples
means with that of the target population, or to test the statistical difference
between the sample mean and the sample midpoint of the test variable. So, to
know the level of importance of the 31 identified effects, we use the mean 3
((142+3+4+5)/5=3).

Hence, for this study we accept that:

e The delay has a high impact on the effect X, if the p-value<5%;

e The point relative of the high importance was greater than 3;

e And the most important is that the mean of the X effects was within the
confidence interval.

From the Table 4, the results show that the p-value is inferior to 5% and the mean
differences of the X effects are within the confidence interval, so the results of the
questionnaire can be used and generalized.

6.4. Evaluation of the effects of delay

The effects of construction delay were ranked according to their relative
importance index, and the rank of the 31 effects is given in Table 5.
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Table 4. One sample t-test

Descriptive statistics Test Value =3

ID Sig. MD 95%CID

N | Mean | SD | SEM t df ;
(2-tailed) Upper | Lower

El | 114 | 3.877 | 1.082 | 0.101 | 8.656 |113| 0.000 | 0.877 | 0.676 | 1.078

E2 | 114 | 3.421 | 0.940 | 0.088 | 4.784 |113| 0.000 | 0.421 | 0.247 | 0.595

E3 | 114 | 3.553 | 1.065 | 0.100 | 5.540 |113| 0.000 | 0.553 | 0.355 | 0.750

E4 | 114 | 3.763 | 1.108 | 0.104 | 7.357 |113| 0.000 | 0.763 | 0.558 | 0.969

E5 | 114 | 3.570 | 1.160 | 0.109 | 5.250 |113| 0.000 | 0.570 | 0.355 | 0.785

E6 | 114 | 4.132 | 0.917 | 0.086 | 13.175 |113| 0.000 | 1.132 | 0.961 | 1.302

E7 | 114 | 3.588 | 1.071 | 0.100 | 5.859 |113| 0.000 | 0.588 | 0.389 | 0.786

E8 | 114 | 3.789 | 1.093 | 0.102 | 7.713 |113| 0.000 | 0.789 | 0.587 | 0.992

E9 | 114 | 3.456 | 1.277 | 0.120 | 3.814 |113| 0.000 | 0.456 | 0.219 | 0.693

E10 | 114 | 3.675 | 1.109 | 0.104 | 6.503 |113| 0.000 | 0.675 | 0.470 | 0.881

E11 | 114 | 3.474 | 1.049 | 0.098 | 4.820 |113| 0.000 | 0.474 | 0.279 | 0.668

E12 | 114 | 3.588 | 1.196 | 0.112 | 5.247 |113| 0.000 | 0.588 | 0.366 | 0.810

E13 | 114 | 3.430 | 1.255 | 0.118 | 3.657 |113| 0.000 | 0.430 | 0.197 | 0.663

E14 | 114 | 3.289 | 1.142 | 0.107 | 2.706 |113| 0.008 | 0.289 | 0.078 | 0.501

E15 | 114 | 3.544 | 1.198 | 0.112 | 4.846 |113| 0.000 | 0.544 | 0.321 | 0.766

El16 | 114 | 3.342 | 1.196 | 0.112 | 3.054 |113| 0.003 | 0.342 | 0.120 | 0.564

E17 | 114 | 3.307 | 1.213 | 0.114 | 2.703 |113| 0.008 | 0.307 | 0.082 | 0.532

E18 | 114 | 3.605 | 1.010 | 0.095 | 6.399 |113| 0.000 | 0.605 | 0.418 | 0.793

E19 | 114 | 3.535 | 0.933 | 0.087 | 6.124 |113| 0.000 | 0.535 | 0.362 | 0.708

E20 | 114 | 3.368 | 0.989 | 0.093 | 3.977 |113| 0.000 | 0.368 | 0.185 | 0.552

E21 | 114 | 3.553 | 1.065 | 0.100 | 5.540 |113| 0.000 | 0.553 | 0.355 | 0.750

E22 | 114 | 3.693 | 1.040 | 0.097 | 7.113 |113| 0.000 | 0.693 | 0.500 | 0.886

E23 | 114 | 3.518 | 0.998 | 0.093 | 5.539 |113| 0.000 | 0.518 | 0.332 | 0.703

E24 | 114 | 3.404 | 1.111 | 0.104 | 3.878 |113| 0.000 | 0.404 | 0.197 | 0.610

E25 | 114 | 3.596 | 1.002 | 0.094 | 6.356 |113| 0.000 | 0.596 | 0.411 | 0.782

E26 | 114 | 3.474 | 1.305 | 0.122 | 3.876 |113| 0.000 | 0.474 | 0.232 | 0.716

E27 | 114 | 3.377 | 1.359 | 0.127 | 2.963 |113| 0.004 | 0.377 | 0.125 | 0.629

E28 | 114 | 3.649 | 1.004 | 0.094 | 6.901 |113| 0.000 | 0.649 | 0.463 | 0.835

E29 | 114 | 3.763 | 1.162 | 0.109 | 7.012 |113| 0.000 | 0.763 | 0.548 | 0.979

E30 | 114 | 3.912 | 1.018 | 0.095 | 9.568 |113| 0.000 | 0.912 | 0.723 | 1.101

E31 | 114 | 3.711 | 1.260 | 0.118 | 6.020 |113| 0.000 | 0.711 | 0.477 | 0.944

SD: Std. Deviation. SEM: Std. Error Mean. MD: Mean Difference. CID: Confidence
interval of the difference
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Table 5. RII and ranking of the effects of construction delay

D Owners Consultants Contractors Overall
Rank RII Rank RII Rank RII Rank RII
El 9 3.48 2 4.07 5 3.88 3 3.88
E2 24 3.14 14 3.64 29 3.35 25 3.42
E3 17 3.33 17 3.52 15 3.67 17 3.55
E4 7 3.52 7 3.77 6 3.86 6 3.76
E5 10 3.48 26 3.39 8 3.78 15 3.57
E6 1 3.90 1 4.16 1 4.20 1 4.13
E7 4 3.62 9 3.70 27 3.47 14 3.59
ES8 3 3.76 10 3.70 4 3.88 4 3.79
E9 29 3.05 23 3.45 17 3.63 23 3.46
E10 21 3.29 5 3.77 10 3.76 9 3.68
Ell 30 3.00 19 3.50 16 3.65 22 3.47
El12 28 3.05 8 3.75 14 3.67 13 3.59
E13 26 3.10 20 3.48 25 3.53 24 343
El4 20 3.29 31 3.22 28 3.35 31 3.29
El15 14 3.38 12 3.64 24 3.53 18 3.54
El6 19 3.29 22 3.48 31 3.24 29 3.34
El17 16 3.33 29 3.34 30 3.27 30 3.31
E18 8 3.48 13 3.64 20 3.63 11 3.61
E19 6 3.57 25 341 18 3.63 19 3.54
E20 31 2.81 27 3.34 19 3.63 28 3.37
E21 22 3.24 24 3.45 9 3.78 16 3.55
E22 23 3.24 16 3.59 3 3.98 8 3.69
E23 18 3.33 18 3.50 21 3.61 20 3.52
E24 15 3.38 30 3.25 22 3.55 26 3.40
E25 5 3.57 21 3.48 12 3.71 12 3.60
E26 27 3.10 15 3.59 23 3.53 21 3.47
E27 25 3.14 28 3.34 26 3.51 27 3.38
E28 13 3.38 11 3.66 11 3.76 10 3.65
E29 12 3.43 3 3.89 7 3.80 5 3.76
E30 2 3.86 6 3.77 2 4.06 2 391
E31 11 3.43 4 3.86 13 3.69 7 3.71

6.4.1. The 10 most important effect of delay from the overall view of
respondents

As shown in Figure 2, the top 10 effects of delay in Algerian construction project

were:

1) Time overrun: all the three parts agreed to classify ‘time overrun’ as the first

most important effect with an importance index of 4.14; when projects are

delayed, more days of work is required to finish the execution of the project, as a
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result, the prescribed delivery time is extended and the project is said to have
experienced time overrun [19, 41]. This result was supported by various
researches [1, 3, 15, 24, 28, 30, 31, 33, 35, 37, 39, 41, 45] in which ‘time overrun’
was the first most important effect of delay.

2) Non-achievement of objectives: is the second effect with an importance index
of 3.91; this effect was also classified as the 2™ for both contractors and owners;
however, the consultants ranked it the 6 with RII=3.77. Delays in construction
projects will conduct to failure in accomplishment project with the contract
specifications and objectives and failure in achieving the triple constraint of the
project (time, cost, and quality).

3) Cost overrun: is the third effect with RII=3.88; this effect was also ranked first
in several studies [6, 17, 19, 23, 25, 42]. Delays are frequently accompanied by
cost overrun[46]; when projects are delayed, two possible scenarios can happen;
the first one is that works will be expedited to avoid the late delivery of the project
by deploying more resources and duplicating the hours of works as a result, an
extra cost will be generated, the second is that the scheduled time for the
completion of the project, is postponed, and more days of work were added
leading to additional labour, machine and equipment cost and resulting to an
escalation in project cost’ [19].

4) Poor quality: is the fourth effect from the overall ranking with RII of 3.79, (the
3t effect in the perception of owners, the 4™ in the view of contractors, and the
10™ in the regard of consultants). Generally, a delayed construction project results
in a decrease in quality and safety [8]; when a project is delayed contractors try to
harry the project in order to minimize the loss and to avoid more additional cost
by seeking more manpower with the least salary and this by the employment of
unskilled manpower; as a consequence, this leads to errors or mistakes during
construction and bad quality work. Also, delays cause disturbance of work and
loss of productivity which may affect the quality of work. This result was in the
line with [15, 24, 34, 41, 42, 45] who also perceive poor quality as a major effect
of delays.

5) Failure of the project: received 5™ from the overall ranking with RII of 3.76;

a successful project is one that has reached its triple constraints of time, cost, and
quality [15, 28]. Delay in construction project causes time overrun [1, 3, 15, 17,
19,27, 33, 35, 39, 41, 45], cost overrun[1, 3, 6, 15, 16, 24, 25, 27, 39, 41, 42, 45],
poor quality [15, 17, 34, 41, 42, 45], non-achievement of objectives and thus
failure of the project. This result was supported by [16]

6) Negative impact on the economy of the country: is the 6" effect with an index
of 3.76. Timely completion of construction project within budget and according
to the contract specifications will contribute to the economic development, since
it allows creating more job and income, increasing the profitability (given that it
constitutes a continuous and sustainable investment) and optimizing the
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attractiveness. Losses caused by delay can affect the entire economy [44]; given
that delay in construction project disrupts the program, leads to the late opening
of the project which delays the functioning beginning of the project, causes loss
of job and revenue, freezes the investment, and send negative signals to foreign
investors thereby slowing down the national development [29].

7) Negative impact on the image of the city: is ranked 7% with an importance
relative of 3.71. Project construction enhances space as it transforms the city,
gives more visibility, maximizes attractiveness, and promotes tourism. Delay in
construction projects has a direct influence on the quality of the structure, and
significant consequences on the visual appearance of the city; that gives a negative
impact on the image of the city, and ‘bad impression to foreign visitors’[19].

8) Loss of productivity: is the 8" effect with RII= 3.69. Delay disrupts the
construction work that is why contractors seek to make up for these delays by the
acceleration of the activities on-site, either by:

e Increasing hours of work: ‘the project stakeholders tend to speed up the
workflow which may increase the workloads on labours, so that may generate
stress, mental and physical fatigue, and discouragement of employees’ [10]; this
can lead to tiredness, a drop in morale and motivation, and an increase in accident
and absenteeism rates; as workers are accustomed to spending effort and energy
at a specified rate and all these will conduct to decrease in the level of productivity.
e Increased staff and co-activity: this leads to congestion in the construction site,
interference between teams, interruptions of work, the difficulty of supervision,
and disruption of productivity.

9) Wastage and underutilisation of human and material resources: is the 9™ effect
with RII= 3.68; the challenge of contractors is to use resources effectively to
reduce time and cost and to get more profitability. Failure to complete
construction projects within targeted time can lead to ‘wastage and
underutilisation of human and material resources’[16, 35]. When project is
completed at the recorded time and with the stipulated amount, it will free up
resources for other use, when a project is delayed, manpower wants to free up
them-selves and not be stuck by this project, by looking for work in other building
sites to earn more money and income. This result was also concluded by some
researchers [16, 24, 35, 42].

10) Disruption of the program: is ranked 10% (with RII=3.65). Project
programming is the act of programming a set of actions and operations that are
expected to be done in planned time and according to a specific plan to meet
specific goals, delays in construction projects will lead to loss of productivity, and
delay the functioning beginning of the project which disrupts the program and
causes an imbalance between supply and demand. This result was not stated by
any of the investigated studies.
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6.4.2. The 10 major effects of delays from the views of the major project

The 10 main effects of delays from the perception of the major stakeholders
(owners, consultants, contractors) were presented in the radars charts. In order to
make the reading and the comparison easy, 3 zones of importance have been
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Fig. 2. The top 10 effects of Delay from the overall view of respondents

stockholders

identified using the range value of the Likert scale as follows:

Xmax - Xmin

A, =
! n

Where:

Aj is the interval amplitude, Xmax=5, Xmin=1, and n is the number of intervals

(zones of importance=3). So the A= 1.33

Table 6. Levels and zones of importance

Scale Level of importance Zone
[1.00-2.33] Low importance Green
[2.34- 3.66] Moderate importance Yellow
[3.67-5.00] High importance Red
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6.4.2.1. The 10 major effects of delays from the views of owners

The 10 major effects of delays from the view of owners

Time overrun
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project before its
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Fig. 3. The 10 major effects of delay from the view of owners

The 10 major effects from owners point of view was presented in the figure 3, the
perception of consultant and contractor regarding these effects were also presented
in the same chart. The radar chart (figure 3) shows that out of ‘the top 10 effects
from the owner’s view’, 3 effects ‘time overrun, non-achievement of objectives
and poor quality’ were classified as very important (red zone) by the owners,
these effects were also found to be most critical for both consultants and
contractors. The seven remaining effects were found in the moderate zone from
owners’ perception. This can be explained by the fact that owners give more
consideration to the effects on traditional measures of success than the other
measures. Comparing the perception of contractors with owners’ perception, it
can be seen that contractors perceived the 10 effects much higher than did the
owners. And that 8 out of the 10 effects (identified by owners) were emphasized
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as very important from the opinion of contractors. This can be explained by the
fact that contractors are highly affected by the effects of delays than owners.
Regarding the perception of consultant, it can be seen that 6 out of the 10 major
effects for owners were emphasized as very important from the views of
consultants. While, ‘time overrun, cost overrun, delaying the functioning
beginning of the project and the use of space, negative impact on the economy of
the country, dissatisfaction of all parties involved’ were considered more
important by consultants comparing to the owners’ perspective.

6.4.2.2. The 10 major effects of delays from the views of consultants

Figure 4 depicts the 10 most important effects of delay as perceived by
consultants. From this radar, it can be seen that consultants perceived all these
effects as very important. The radar also displays the close opinions between
contractors and consultants. The effect ‘Delaying the functioning beginning of the
project and the use of space’ was rated as important from contractors’ opinion,
while the 9 other effects were classified as very important. From these nine; ‘time
overrun, non-achievement of objectives, negative impact on the economy of the
country, and poor quality’ were viewed more important from the view of
contractors than the consultants’ view. Contrarily, the perception of owners was
less important than that of consultants for 9 effects. However, the radar chart
displays that ‘time overrun and poor quality’ were ranked as very important, and
that “poor quality’” was rated slightly better for owners than for consultants.

6.4.2.3. The 10 major effects of delays from the views of contractors

Figure 5 presents the 10 main effects of delay according to the contractors’
viewpoint; as can be viewed, all the 10 effects were critically important (in the red
zone). Comparing the consultants’ opinion with that of contractors, the radar
reveals that 8 out of 10 effects were found very important from consultants view,
among them ‘failure of project’ and ‘cost overrun’ were more important in the
vision of consultant. However, the perception of importance from the owners’
view was lower comparing to contractors’ assessment. And only 3 items were
classified highly important.
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The 10 major effects of delay from the view of consultants
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Fig. 4. The 10 major effects of delay from the view of consultants

From these 3 figures, it can be seen that five effects of delay were figured in the
3 radars: ‘time overrun’, ‘non-achievement of objectives’, ‘poor quality’,
‘negative impact on the economy of the country’, and ‘cost overrun’. These effects
were classed among the most prominent effects of delay from the overall view
(see previous section). However, ‘failure of the project’, ‘wastage and
underutilisation of human and material resources’ were found common between
consultants and contractors, which can be explained by the fact that consultant and
contractor work jointly especially in the phase of construction; so, it is very logical
that they will share similar problems, which explain the convergent perceptions
between them (7 out of 10 effects were found common between them). While
‘delaying the functioning beginning of the project and the use of space’ was
common between owner and consultant. And ‘aging of the project before its
delivery’ was the common effect between owners and contractors. From the
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results above, it is interesting to cross and compare the relative importance of each
item as perceived by the three groups of respondents to test the degree of
agreement between them. The next section is designed to compare the perceptions
of owners, consultants, and contractors using ‘the one way ANOVA test’.

The 10 major effects of delay from the view of contractors
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Fig. 5. The 10 major effects of delay from the view of contractors

6.5. Difference in perception among the three groups

‘One way ANOVA’ test is carried out to test if there is a significant difference
(disagreement) between the three groups of respondents (owners, consultants,
contractors) as to the effects of delay. Two hypotheses were proposed:

o Null hypothesis Ho: there is no significant difference (a good agreement)
between the three groups (if the p-value is greater than 5%).

e Alternative hypothesis Hi: there is a significant difference (disagreement)
between the 3 groups (if the p-value is inferior to 5%). Table 7 illustrates the one
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way ANOVA results, which reveal a good agreement between the 3 groups as to
29 effects of delay, while, there is a significant difference between them for some
delay effects (litigation and claims ‘E20’ and loss of productivity ‘E22”).The Post-
Hoc test “LSD” (least significant difference) was performed to look for the source
of this difference and a p-value<5% was considered significant. The results (as
shown in Table 8) disclose that the ‘owners’ are the source of this difference
regarding their perception of the relative importance of ‘litigation and claims’
(RII=2.80) which was different from the views of consultants (RII=3.34) and
contractors (RII=3.63) who perceived it more critical. However, there are some
slightly contrary opinions between the couple ‘owners- contractors’ concerning
the relative importance of the effect ‘loss of productivity” which was 3.63 and
3.98 respectively. Owners have a tendency to settle the disputes coming from
delay amicably with no need to going to the courts of law for avoiding the mistrust
and the additional cost accompanied. Contrarily, contractors see that delay has
harsh consequences on the project and it often leads to a disagreement between
the parties when requesting compensation; which gives rise to litigation and
claims for solving the problem. Owners perceive that delay has an average effect
on the loss of productivity and they ranked it in 23", while they accuse contractors
of being responsible for these losses. In contrast, contractors assert that delay
contributes directly to the loss of productivity and they ranked it as the 3™ most
important effect.

Table 7. One-Way ANOVA Test

Sum of Squares df Mean? F Sig. Decision
BG 4.982 2 2.491
El WG 127.299 111 1.147 2.172 | 0.119 Ho
Total | 132.281 113
BG 3.934 2 1.967
E2 WG 95.855 111 0.864 2278 | 0.107 Ho
Total 99.789 113
BG 1.765 2 0.882
E3 WG 126.419 111 1.139 0.775 | 0.463 Ho
Total | 128.184 113
BG 1.640 2 0.820
E4 WG 136.965 111 1.234 0.665 | 0.517 Ho
Total | 138.605 113
BG 3.738 2 1.869
ES WG 148.201 111 1.335 1.400 | 0.251 Ho
Total | 151.939 113
BG 1.371 2 0.686
E6 WG 93.655 111 0.844 0.813 | 0.446 Ho
Total 95.026 113
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BG 1.307 2 0.654

E7 WG | 128316 | 111 1.156 0.565 | 0.570 Ho
Total | 129.623 | 113
BG 0.713 2 0.357

E8 WG | 134234 | 111 1.209 0.295 | 0.745 Ho
Total | 134.947 | 113
BG 5.031 2 2516

E9 WG | 179.249 | 111 1.615 1.558 1 0.215 Ho
Total | 184.281 | 113
BG 3.917 2 1.959

E10 | WG | 135074 | 111 1.217 1.609 1 0.205 Ho
Total | 138.991 | 113
BG 6.319 2 3.160

Ell | WG | 118.102 | 111 1.064 2.970 | 0.055 Ho
Total | 124.421 | 113
BG 7.645 2 3.822

E12 | WG | 153978 | 111 1.387 2.756 | 0.068 Ho
Total | 161.623 | 113
BG 2.948 2 1.474

E13 | WG | 174991 | 111 1.576 0.935 | 0.396 Ho
Total | 177.939 | 113
BG 0.332 2 0.166

El4 | WG | 147.115 | 111 1.325 0.125 | 0.882 Ho
Total | 147.447 | 113
BG 0.942 2 0.471

E15 | WG | 161.338 | 111 1.453 0324 | 0.724 Ho
Total | 162.281 | 113
BG 1.334 2 0.667

El6 | WG | 160324 | 111 1.444 0.462 | 0.631 Ho
Total | 161.658 | 113
BG 0.150 2 0.075

E17 | WG | 166.104 | 111 1.496 0.050 | 0.951 Ho
Total | 166.254 | 113
BG 0.429 2 0215

E18 | WG | 114.808 | 111 1.034 0.207 | 0.813 Ho
Total | 115237 | 113
BG 1.193 2 0.596

E19 | WG 97.167 111 0.875 0.681 | 0.508 Ho
Total | 98.360 113
BG 10.014 2 5.007

E20 | WG | 100512 | 111 0.906 5.530 | 0.005 Hi
Total | 110.526 | 113

E21 BG 4.935 2 2.467 2222 | 0.113 Hy
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WG 123.249 111 1.110
Total 128.184 113
BG 8.829 2 4.414
E22 WG 113.425 111 1.022 4.320 | 0.016 Hi
Total 122.254 113
BG 1.166 2 0.583
E23 WG 111.299 111 1.003 0.581 0.561 Ho
Total 112.465 113
BG 2.114 2 1.057
E24 WG 137.325 111 1.237 0.854 | 0.428 Ho
Total 139.439 113
BG 1.318 2 0.659
E25 WG 112.120 111 1.010 0.653 | 0.523 Ho
Total 113.439 113
BG 3.771 2 1.886
E26 WG 188.650 111 1.700 1.109 | 0.333 Ho
Total 192.421 113
BG 2.078 2 1.039
E27 WG 206.703 111 1.862 0.558 | 0.574 Ho
Total | 208.781 113
BG 2.065 2 1.032
E28 WG 111.900 111 1.008 1.024 | 0.362 Ho
Total 113.965 113
BG 3.071 2 1.536
E29 WG 149.534 111 1.347 1.140 | 0.324 Ho
Total 152.605 113
BG 2.008 2 1.004
E30 WG 115.115 111 1.037 0.968 | 0.383 Ho
Total 117.123 113
BG 2.715 2 1.357
E31 WG 176.733 111 1.592 0.852 | 0.429 Ho
Total 179.447 113
BW: Between Groups. WG: Within Groups
Table 8. Multiple comparisons Post-Hoc “LSD”
DV ) Q) MD Std. Error Sig. 95 % CI
Org Org I-)) Lower Upper
Bound Bound
E20 Ow Cns -0.531" 0.252 0.038 -1.032 -0.031
Cnt -0.823" 0.248 0.001 -1.315 -0.331
Cns Ow 0.531" 0.252 0.038 0.031 1.032
Cnt -0.292 0.198 0.143 -0.683 0.100
Cnt Ow 0.823" 0.248 0.001 0.331 1.315
Cns 0.292 0.198 0.143 -0.100 0.683
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E22 Ow Cns -0.353 0.268 0.191 -0.884 0.178
Cnt -0.741" 0.264 0.006 -1.264 -0.219

Cns Ow 0.353 0.268 0.191 -0.178 0.884

Cnt -0.389 0.210 0.067 -0.805 0.027

Cnt Ow 0.741 0.264 0.006 0.219 1.264

Cns 0.389 0.210 0.067 -0.027 0.805

DV: Dependent Variable. Org: Organism. MD: Mean Difference.CI: Confidence
interval. Ow: Owners. Cns: Consultants. Cnt: Contractors

*. The mean difference is significant at the 0.05 level
6.6. Factor analysis

6.6.1. Suitability of data

Factor analysis technique was performed to sort out the effects of construction
delay by grouping the variables that are highly correlated to each other and
converting them into a single factor. However, before applying this technique
suitability of data must be enquired. In this regard, the ‘Kaiser-Meyer-Olkin
Measure’ of Sampling Adequacy (KMO), and ‘Bartlett's Test of Sphericity’ were
conducted. ‘Bartlett's measure’ tests the null hypothesis that the original
correlation matrix is an identity matrix (an identity matrix is a matrix in which all
of the diagonal elements are 1 and all off-diagonal elements are 0). We want this
test to be significant [13], in other words, we want to reject the null hypothesis.
Moreover, the estimation of KMO speaks to the proportion of the squared
connection between factors to the squared incomplete relationship between factors
[10]. This measure varies between 0 and 1, and value closes to 1 express that the
correlations pattern is relatively dense and therefore factor analysis should give
definite and strong outcomes Field, A 2013. [13].

As shown in Table 9, Bartlett's Test of Sphericity was significant at the level of
0.01(with %2 =1794.546 and p-value=0.00) which indicates that the correlation
matrix is not an identity matrix. As well, the KMO measure of sampling adequacy
was sufficient with a value 0f 0.719. From these results, we can say that the sample
is adequate and the factor analysis can be applied.

Table 9. KMO and Bartlett’s Test
KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.719
Bartlett's Test of Sphericity | Approx. Chi-Square 1794.546
Df 465
Sig. 0.000
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6.6.2. Rotation method and factors extracted

The principal components method was employed with ‘Varimax orthogonal
rotation’ in order to drive the minimum number of factors and explain the
maximum portion of the variance in the original variable.

Using the latent root criterion (Eigenvalue greater than 1), nine (9) factors can be
extracted. However, ‘factors with less than three items are considered weak and
unstable and they should be deleted’ [47], as well items with a cross-loading
should be removed. Consequently, factor analysis was iteratively repeated and
items deleted sequentially yielding five (5) factors extracted from 19 final items,
these factors explain 64.32% of the total variance. As given in Table 10, the 5
factors extracted were listed according to their variance explained as follows:

e Factor 1: ‘bad public perception and losses of productivity, job, and income’,
this factor explains 18.053% of the total variance. Six items have been loading on
this factor, negative public perception; loss of belief of citizens; social problem,;
litigation and claims; loss of productivity; loss of job and income’ with loadings
values of 0.890, 0.875, 0.741, 0.555, 0.491, and 0.479 respectively.

The construction project is one of the most crucial sectors, given that it constitutes
an efficient way to improve the standard of living [12, 40, 45], and contributes
significantly to job and wealth creation, and socio-economic growth [4, 11, 16,
42, 45]. Delay in construction projects gives rise to waste of resources, which
leads to disruption of work and then losses of productivity and losses of jobs and
incomes [10, 16, 22]. Moreover delay often generates negative public perception
and suspicion of corruption and inefficiency [16].

e Factor 2: ‘wastage and quality problems’ is the second group of effects with
an eigenvalue of 2.118; this factor explains 12.312% of the total variance and
consists of ‘poor quality’ with a loading value of 0.859; ‘impact on the structure
sustainability’ (LV=0.841); ‘wastage and underutilisation of human and material
resources’ (LV=0.591); ‘aging the project before its delivery’ (LV=0.505). Delay
causes waste of resources [15, 22, 35, 42] and has a significant impact on project
quality [15, 26, 27, 41, 42]; in fact when project is delayed contractors seek to
accelerate the work in order to avoid more time overrun and more extra cost
accompanied with delay. Consequently poor quality will be the result that
eventually affects sustainability [26]. On the other hand, delay causes late delivery
of the project and when delay persists, it may age the project before its delivery
and therefore the economic justification of the project may be lost [5].

e Factor 3: ‘failure of the project and disruption of the program’ explains
12.199% of the total variance, and it includes 3 attributes ‘failure of the project’,
‘disruption of the program’ and ‘non-achievement of objectives’ with loading
values of 0.805, 0.750 and 0.738 respectively. Construction project deemed
successful when itis finished on time, within budget, and to the quality
requirements [ 14, 42]. Delays in construction projects will conduct to failure in
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accomplishment project with the contract specifications and objectives, failure of
the project, and disruption of the program.

e Factor 4: ‘disruption of work and disputes’ explains 11.589% of the total
variance and it contains 3 components namely ‘disruption of work’ (LV= 0.803),
‘disputes between the parties involved’ (LV= 0.698), and ‘suspension of work’
(LV=10.681). Delay gives rise to disruption of work, problems of communication,
and disputes between project participants, which come down in assessing three
aspects of delays; who was responsible for the delay, what is the extent of delay
and so, what monetary awards should be made [2].

e Factor 5: named ‘negative impact on the company’; the project delay has a
negative impact on the company, ‘to the contractor; delay means higher overhead
costs because of the longer work period, higher material costs through inflation,
and due to labour cost increases’ [7]. This factor explains 10.164% of the total
variance and it is constituted by three variables: ‘penalty of delay on the company’
(LV=0.793); ‘failure of the company’ (LV=0.772); ‘reducing the corporate profit
margin of contractors (LV=0.671).

Table 10. Rotated Component Matrix and variance explained

Component

1 2 3 4 5
E17 0.890
El16 0.875
E15 0.741
E20 0.555
E22 0.491
E23 0.479
E8 0.859
E9 0.841
E10 0.591
E5 0.505
E29 0.805
E28 0.750
E30 0.738
E25 0.803
E21 0.698
E24 0.681
E13 0.793
E12 0.772
Ell 0.671
Eigenvalue 6.672 2.118 1.945 1.657 1.319
Variance explained (%) 18.053 | 12.312 | 12.199 | 11.589 | 10.164
Cumulative % 18.053 | 30.364 | 42.563 | 54.152 | 64.316
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Extraction Method: Principal Component Analysis. Rotation Method: Varimax with
Kaiser Normalization. Rotation converged in 16 iterations.

6.7.Relationship between the five (5) groups of effects

As mentioned in the introduction section a primary contribution of this study to
the existing literature is to categorise the identified effects into main groups and
to measure the causality relationship among these groups. The grouping of the
effects has been done (using factor analysis) and 5 factors have been extracted. To
test the relationship among these factors (groups of effects) we propose the
following hypotheses:

Table 11. Hypotheses for testing the relationship between groups of effects

H1 Factor 2 ‘wastage and quality problems’ impact ‘bad public perception
=>Factor | | and losses of productivity, job, and income’

H2 Factor 2 ‘wastage and quality problems’ impact: ‘failure of the project
=>Factor 3 | and disruption of the program’

H3 Factor 2 ‘wastage and quality problems’ impact ‘negative impact on
=>Factor 5 | the company’

H4 Factor 3 “failure of the project and disruption of the program’ impact
=>Factor | | ‘bad public perception and losses of productivity, job, and

income’

HS5 Factor 3 ‘failure of the project and disruption of the program’ impact
=>Factor 5 | ‘negative impact on the company’

H6 Factor 4 ‘disruption of work and disputes’ impact ‘bad public
=>Factor 1 | perception and losses of productivity, job, and income’

H7 Factor 4 ‘disruption of work and disputes’ impact ‘wastage and quality
=>Factor 2 | problems’

HS8 Factor 4 ‘disruption of work and disputes’ impact ‘failure of the project
=>Factor 3 | and disruption of the program’

H9 Factor 4 ‘disruption of work and disputes’ impact ‘negative impact on
=>Factor 5 | the company’

H10 | Factor 5 ‘negative impact on the company’ impact ‘bad public
=>Factor | | perception and losses of productivity, job, and income’

The Smart PLS method was selected to test these hypotheses, and to propose a
structural model that describes the relationship among the 5 factors. This method
is well-known method for estimating path coefficients in structural models and it
has been used in numerous research studies [18]. However before applied this
method, we should assess the measurement model to ensure the reliability and
validity of each construct’s factor.

6.7.1. Measures

First, we start by evaluating the measurement model to ensure that each factors'
construct is reliable and valid.
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6.7.1.1. Internal consistency reliability

The internal reliability of the measurement model was measured using
‘Cronbach’s Alpha’, ‘Composite Reliability (CR)’and ‘Dijkstra Henseler’s Rho-
A’. As shown in Table 12, the results were as follows: the Cronbach’s Alpha that
measures internal consistency reliability ranged from 0.662 to 0.840 and represent
a good consistency. The Composite Reliability that depicts the degree to which
the construct indicators indicate the latent construct the values of the Composite
reliability ranged from 0.801 to 0.882 and exceed the recommended value of 0.6
[18]. The Rho-A also exceed minimum threshold and it ranged from 0.740 to
0.849, this indicator lies between the upper bound (CR) and the lower bound (Ca)
for internal conmsistency reliability and serve as a good representation of a
construct’s internal reliability [18].

Thus, all the values exceed the minimum threshold value of 0.6 [18] for all
variables indicating that the measurement model has a good consistency and
reliability.

6.7.1.2. Convergent validity

The convergent validity of the measurement model was assessed through
‘Average Variance Extracted (AVE)’. The Average Variance Extracted (AVE)
reflects the total amount of variance in the indicators accounted for by the latent
construct. As shown in Table 12, the AVE values found higher than 0.5 which
indicate that the latent variables for our model composition are valid, in consensus
with [18].

Table 12. Construct reliability and validity

Cronbach's tho A Composite Average Variance

Alpha - Reliability Extracted (AVE)
Factor 1 0.840 0.849 0.882 0.557
Factor 2 0.726 0.740 0.823 0.538
Factor 3 0.765 0.789 0.862 0.676
Factor 4 0.751 0.752 0.858 0.668
Factor 5 0.662 0.803 0.801 0.577

6.7.1.3. Discriminant validity

The discriminant validity is the extent to which a construct is empirically distinct
from other constructs in the structural model [18]. ‘Fornell and Lacker criterion’
was used in order to assess the discriminant validity of the measurement model.
The highest correlation (0.822) was found between ‘Factor 3=»Factor 3” while the
lowest (0.180) correlation was found between ‘Factor 3=» Factor 5°. In order to
optimize the assessment of discriminant validity in variance-based structural
equation modelling, we used the new criterion of Heterotrait—-Monotrait ratio
(HTMT) proposed by [21], which is considered superior to Fornell-Larcker
indicator [18, 20]. As depicted in Table 13, all the values of HTMT were
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significantly lower than the threshold value of 0.90, thus the model assessments
prove a good evidence of validity and reliability.

Table 14. Fornell-Lacker Criterion and HTMT Ratio

Fornell-Lacker Criterion Heterotrait-Monotrait Ratio (HTMT)
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
F1 | 0.746
F2 | 0.391 | 0.734 0.471 0.471
F3 | 0.393 | 0.300 | 0.822 0.453 | 0.342 0.453
F4 | 0.542 | 0.253 | 0.469 | 0.817 0.669 | 0.326 | 0.606 0.669
F5 | 0.389 | 0.335 | 0.180 | 0.192 | 0.759 | 0.441 | 0.403 | 0.284 | 0.258 | 0.441
F: Factor
6.7.2. Structural model

Structural model coefficients for the relationships between the constructs are
derived from estimating a series of regression equations [ 18]. Before assessing the
structural relationships, collinearity must be tested to make sure it does not bias
the regression results [18]. The results show that the values of the inflation factor
(VIF) variance ranged from 1.00 to 1.344 which is lower than 3, thus it considered
ideally in consensus with Hair et al. [18] and no issue of collinearity is present
with our factors(Table 15).

Table 15. Collinearity statisctics (VIF)

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Factor 1
Factor 2 1.219 1.068 1.119
Factor 3 1.344 1.342
Factor 4 1.315 1.000 1.068 1.305
Factor 5 1.144

After cheeking and proving that there is no collinearity issue with our factors, we
start the assessment of the structural model with by examining the coefficient of
determination (R?), the effect size (f2), and the p-value corresponding to the t-test.
6.7.2.1. The coefficient of determination (R?)

According to Hair et al. [18], the R? of 0.75, 0.50, and 0.25 can be considered
substantial, moderate, and weak. Figure 6 shows that the R? ranged from 0.064 to
0.421(moderate to weak). The high value of R? corresponding to the ‘Factor 1’
which indicate that 42.1% of the variance in ‘Factor 1’ is explained by ‘Factor 2,
‘Factor 3* and ‘Factor 4°. While, 25.5% of the variance in ‘Factor 3’ is explained
by ‘Factor 2’ and ‘Factor 4’. However, ‘Factor 4’ explains 12.6% of the variance
in ‘Factor 5°. And the ‘Factor 1’ and ‘Factor 3’ jointly explain only 0.64% of the
variance in ‘Factor 2°.
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Fig. 6. The Path Coefficients of the structural model

6.7.2.2. The effects size (f*)

From the rule of thumb small, medium and large effect sizes are represented by
values greater than 0.02, 0.15, and 0.35, respectively [18]. The resulting effect
size value of each factor in the model ranges from 0.002 to 0.221, which are
included in the category of small to medium.

The path coefficient provide significant values (at significance level of 5%) for
most relationships, only three (3) relationships were found not significant: ‘Factor
3=>» Factor 1’; ‘Factor 3= Factor 5’; ‘Factor 4 =»Factor 5°. Thus, the following
hypotheses were rejected H4, HS, and H9. However, the other 7 hypotheses were
supported H1, H2, H3, H6, H7, H8, and H10.

The Factor 2‘wastage and quality problems’ positively and significantly affect the
‘bad public perception and losses of productivity, job and incomes’, ‘Failure of
project and disruption of program’ and ‘negative impact on the company’ with a
path coefficient of 0.179; 0.194 and 0.297, however its impact is small (the 2 was
respectively 0.046, 0.047 and 0.090).

The Factor 4 ‘disruption of work and disputes’ has a medium positive and
significant impact on ‘bad public perception and loses of productivity, job and
incomes’ and ‘failure of project and disruption of the program’ with a path
coefficient of 0.401 and 0.420 respectively, and it has a small positive and
significant impact on ‘project failure and disruption of the program’ with a path
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coefficient of 0.253. Also, the ‘negative impact on the company (Factor 5)’
influence significantly and positively the ‘bad public perception and losses of
productivity, job and incomes (Factor 1)’.

Table 16. Path coefficients

Relations o) M SD T Va vall)lles Conclusion
E)aclfscrtgr | 0.179 | 0.180 | 0.089 | 2.004 | 0.046 | 0.046 | Supported
E)a‘l’fscrtgr ; 0.194 | 0.202 | 0.086 | 2.253 | 0.047 | 0.025 | Supported
li;l(l;t;)ztgr 5 0.297 | 0.308 | 0.097 | 3.068 | 0.090 | 0.002 | Supported
E)a?scrtg . 0.109 | 0.104 | 0.102 | 1.073 | 0.015 | 0.284 suplljg;te .
F_)a‘l“;t;)crtir 5 0.046 | 0.041 | 0.127 | 0.362 | 0.002 | 0.717 Suplggﬁte .
E;‘?;’crtir | 0.401 | 0.411 | 0.100 | 4.011 | 0.211 | 0.000 | Supported
E;‘?;’crtir 5 0.253 | 0.267 | 0.096 | 2.644 | 0.068 | 0.008 | Supported
E;‘?;’crtir 3 0.420 | 0.421 | 0.105 | 4.011 | 0.221 | 0.000 | Supported
E;‘?;’crtir 5 0.096 | 0.104 | 0.100 | 0.963 | 0.008 | 0.336 Suplggﬁte .
E;;t;’crtg . 0.232 | 0.235 | 0.086 | 2.701 | 0.081 | 0.007 | Supported

O: Original Sample, M: Sample Mean, SD: Standard Deviation, T: |O/STDEV|, CI:
Confidence interval, S: Supported, NS: Not Supported

6.8. Comparison with other countries

This part is designed to get an overview of the effects of construction delay
throughout the world. A comparison of the top effects of delay in Algeria with 12
countries (22 previous studies) has been done. The results show that ‘time
overrun’ is not only the most encountered effect of delays in Algerian construction
projects but also, it appears in 20 other studies with an occurrence percentage of
95% (this effect was ranked first in14 studies and the 2™ in 7 studies). Also, ‘cost
overrun’ is one of the most popular and frequent effect of delay and it’s similarly
yielded an occurrence of 95%. This effect was ranked first in the studies of [6, 17,
19, 23, 25, 42], the 2™ in 13 studies, and the 3™ in our study and in the study of
[16]. It was followed by ‘disputes’ and ‘total abandonment” which were ranked
2™ in 10 studies representing an occurrence of 45%; these disputes can lead to
litigation and arbitration if they are not solved timeously. That is explained the
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following effects ‘litigation’ and ‘arbitration’ which ranked the 3™ and 4™
respectively at 41% and 36% (these effects do not appear as major effects of delay
in Algeria). However, ‘Bad quality’ was rated 5" with an occurrence of 27%,
followed by ‘wastage of scarce resources’ and ‘claims’ which were appeared in 5
studies representing an occurrence percentage of 23%. The 7™ effect was ‘loss of
profit’ with an occurrence of 18%. Further, ‘failure of the project’, ‘negative social
impact’ and ‘termination of contract’ were similarly ranked 8" with an occurrence
percentage of 9%. Succeeded by ‘negative impact on the economy of country’;
which was ranked last at 5%. This effect was found to be specific for Algeria.
From all these forgoing, we can notice that time and cost overruns were the top
famous effects of delay worldwide; and that many countries shared the same
effects of delay even though they are not in the same region. Tablel17 summarizes
the results of the comparison, and Figure 7 presents the percentage of occurrence
of the top effects of delays worldwide.

Table17. Comparison of the top effects of delays worldwide

The top effects of delay worldwide
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7. CONCLUSION

The present study is designed to make a comprehensive list of the effects of delay
and to assess the perceptions of the key project stakeholders regarding the relative
importance of these effects in the Algerian construction projects.

31 effects of delay have been identified, and then the relative importance of these
effects has been measured using the relative importance index (RII). The findings
show that time overrun; non-achievement of objectives; cost overrun; poor
quality; failure of the project; negative impact on the economy of the country;
negative impact on the image of the city; loss of productivity; wastage and
underutilisation of human and material resources; disruption of the program were
the top 10 effects of delay in Algeria. Moreover, one-way ANOVA was adopted
to measure the degree of agreement between the perceptions of the major
stakeholders. The results reveal that there is relatively a good agreement in their
assessments of the relative importance of 29 effects.

A primary contribution of this study to the existing literature is to categorise the
identified effects into main groups and to measure the relationship among these
groups. The factor analysis technique was performed categorized the identified
effects into main groups, and it yielded 5 groups (factors) namely: ‘bad public
perception and losses of productivity, job, and income’, ‘wastage and quality
problems’, ‘failure of the project and disruption of the program’, ‘disruption of
work and disputes’, and ‘negative impact on the company’. After that, the
relationship between these groups was tested using the SMART-PLS, and a
structural model has been developed. The findings allow us to confirm the
existence of 7 relationships out of 10 proposed.

At the end, a comparison of the 10 most important effects of delay in Algeria with
11 countries was done; the findings show that time and cost overruns were the
most common effects of delay worldwide, and that many countries shared the
same effects of delay even though they are not in the same region.

The current study provides significant insights to practitioners in construction
projects and helps them to choose the correct actions to deal with delays and to
reduce its effects once they happen.
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