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ABSTRACT - Variations have been highlighted as a crucial factor responsible
for time overrun, cost overrun, poor quality, loss of value, project
abandonment, claims and disputes in construction projects. Variation
contributes to the criticism that the construction sector is faced with and has
reduced the contribution of the sector to sustainable growth and
infrastructure provisions. Despite this, variations have not been given
adequate attention especially in civil engineering projects in Nigeria. This
study aims to assess the causes and effects of variation in civil engineering
construction projects in Imo State, Nigeria. A well-structured questionnaire
was adopted to gather data from construction professionals engaged by
clients, consultants and contractors organizations using snowball sampling
techniques via electronic means. Appropriate descriptive statistical tools
were used to analyze the gathered data. The study revealed that experts have
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a high level of experience in the management of variations and that the major
causes of variations are poor and unabridged communication gap, lack of
proper monitoring and evaluation, replacement of materials or procedures,
technology change, and weather conditions. Also, the effects of variation on
civil engineering projects are increasing of construction time, total project
abandonment, increasing of construction cost, project failure and logistics
delays. The study recommends effective communications among the clients,
consultants, and contractors to bridge the communication gaps.

INTRODUCTION

The construction industry drives building and infrastructural development in every nation. Most of the
building and infrastructure development observed in most nations of the world is brought about by the
activities of the construction industry [1]. The industry is a powerful sector that provides jobs, boost
nations' Gross Domestic Product (GDP), and contribute to wealth creation [2],[3]. According to [4], the
industry influence and stimulate growth in non-construction sectors. Despite the crucial role the sector
plays in the economic life of nations, it has been criticized for the continuous problems of poor project
delivery that are evident in cost and time overruns, claims, disputes, quality issues, and among others [5].
One of the factors that have been blamed for these problems is changes occasioned by variations during
the construction stage of construction projects.

Variation is an inherent issue of construction projects, as the agreement involved in construction
businesses are subject to variability [6],[7]. This is because change will normally arise during the
execution of a project in an industry that is complex and involves multiple stakeholders [8],[9]. The
parties to a construction contract are empowered by some contractual causes to request changes within
the scope of the project without making an excessive alteration to the original contract [10]. Variation
orders involved alteration, addition, omission, and substitution in terms of quality, quantity, and schedule
of work [11],[8]. Resources availability, environmental conditions, the performance of the parties to the
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contracts, the involvement of other parties, and contractual related issues; are some of the sources of
variation.

The global construction industry suffers from cost and time overruns issues on construction
contracts [12],[13]. It is evident in the literature that variation orders can cause up to 6-71% rise in project
cost, and 10-50% time overruns [14],[15]. Every party in the contract has a role to play in variation, for
example, [15] reported that variation order on a construction project can be up to 85% of the entire
instruction on the site. Of these, 49% originated from the client, 47% from the consultants, and 4% from
the contractors. There have been efforts at controlling and containing the magnitude of allowable
variation in construction contracts. For example, a ceiling of 10% is allowed according to FIDIC [16], and
25% of the total contract sum is allowed in FIDIC [17]. Despite these restriction measures, civil
engineering construction projects in developed and developing economies are still overwhelmed by
variation orders.

In the Nigerian construction industry, the incessant and excessive variation orders impact negatively
on the delivery of both public and private construction projects. During the construction stage of
infrastructure projects like railways, bridges, roads, flyovers, and airport construction, variation orders
are the main change to the delivery of such projects [18]. According to [19], variation is a major problem
of a construction project in Nigeria, as it impacts project delivery. The magnitude of variation varies from
project to project, and its importance spans from the project inception to completion [20]. Unwarranted
variations provide an avenue for the embezzlement of public funds [21]. In addition to cost and time
overruns, variation also led to rework in construction, slows down wok progress, and contributed to the
abandonment of critical infrastructure project across Nigeria [18].

A review of construction management literature shows that the causes and impact of variations have
attracted some attention of researchers in the Nigerian context [22],[18],[19],[23],[24],[25],[26], Imo
state in which the present study covers has not been given adequate attention. In addition, the variation of
civil engineering construction projects is an area that has been underexplored in the Nigerian context. It is
based on this knowledge that this study assesses the causes and effects of variations in civil engineering
construction projects in Imo State, Nigeria. Construction clients have been reported to contribute the
highest proportion of variations to construction projects completion [20]. The consultants and
contractors also contribute to variations that have contributed to poor project performance. The outcome
of this study will assist in the administration of civil engineering contracts particularly as it regards
variations orders and change requests. Knowledge of the negative effects of variation orders would assist
the design and construction teams to work collaboratively to ensure that variation-related changes are
avoided or minimized, so that clients can get value for their monies. It is advocated that planning of
activities should be prioritized by all key project stakeholders to minimize the occurrence of variations as
well as their impacts [23]. This study also adds to the existing body of knowledge on variations in
construction.

REVIEW OF LITERATURE
CAUSES OF VARIATIONS ON CONSTRUCTION PROJECTS

Agreement existed among the stakeholders of construction projects regarding the rating of causes of
variations [6]. The causes were categorized into client-related factors, consultant related factors and
contactors related factors. The study further shows that the consultant contributes more to variations
than the client and contractors. In addition, the lack of materials and equipment spare parts due to
closure, change in design by the consultant, lack of consultant's knowledge of available materials, errors
and omission in design, conflicts between contract documents, client's financial problems, lack of
coordination among project parties, using inadequate specifications for local markets by international
consultants, internal politics, and change in specification by owners; are the most important causes of
variation in Palestinian. In Singapore, the potential factors responsible for variation in construction
projects are errors and omission in design, change in specification by the owner, design discrepancies,
change in specifications by consultant, and non-compliance of design with governmental regulation [27].
For [28], in Pune, the most ranked causes of variations are owner changes, additional work and
modification to prior work, lack of contractor involvement in design stage unrealistic design periods, lack
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of communication between contractor and the consultants. A lot of failures and poor project
performances reported on construction projects have been blamed on communication problems [29].

In Malaysia, reviewed the causes of variation and found that client-related variations are the most
dominant causes of variations in construction [30]. The review reported 18 prominent causes of variation
and they are; change of scope by client, owner's financial problems, inadequate project objectives,
replacement of materials or procedures, impediment to prompt decision-making process, obstinate
nature of the owner, change in specifications by the owner, change in design by the consultant, errors and
omissions in design, conflicts among contract documents, technology changes, value engineering, lack of
coordination, design complexity, inadequate working drawing details, consultants' lack of required data,
poor knowledge of available materials and equipment, and ambiguous design details. Similarly, in
Malaysia, the absence of apparatus, poor workmanship, design difficulty, alteration of schedule and
impairment to quick decision-making procedure were found as the top most important causes of
variations [31].

In the construction industry of Sudan, Mohammed et al. [9] found that the top 10 most important
causes of variation orders are; lack of stability of prices and the exchange rate change, new government
regulations, non-availability of construction manual and procedure for construction projects, errors and
omissions in design, the owners failure to make decisions or review document at the right time and
owner's needs during the design stage not well-defined or variably defined, owner's financial problems,
contractors financial difficulties, lack of coordination between consultants and contractors and
subcontractors and not using value engineering in the design stage to find the best alternatives and
providing cost. In Iranian construction projects, the employer's financial problems, change of plans or
scope by employer, errors and omissions in design, value engineering, differing site conditions,
contractor's financial difficulties, acceleration of work, weather conditions, quality improvement, and
conflict in the project site are the major causes of variations in road construction projects [32].

The dominant factors responsible for variation are change of plans or scope of work, client's
financial difficulties, inadequate working drawings, 1nadequate prOJect objectives, and errors and
omissions in design [23]. The clients and consultants are the major origins of variation orders, although
the clients cause dominate [19]. Client induced variations are unclear projects often seen as briefs and
change of plan or scope. The consultants’ induced variations are on their own part was seen as change of
requests in design, and errors or omissions in design. The design-related factors, client-related factors
and consultant-related factors are the major causes of variations on infrastructure projects delivery [18].
Top design-related factors include discrepancies, inadequate working drawing, error, and omission in
design. In Sri Lanka, the major causes of variations in road construction projects are the poor estimation,
unforeseen site conditions, political pressure during the construction stage, poor investigation, and client-
initiated variations [20]. In the Kenyan construction industry, the additional work constitutes 58% of the
variation requests [33]. Furthermore, the top causes of variations in civil engineering projects are delay in
land acquisition/compensation, differing site conditions, change of plans or scope by the client, change of
schedule by the client, and lack of coordination between overseas and local designers.

In India, the most prominent causes of variation are poor planning value engineering,
and project complexity, unavailability of equipment and tools and change of project scope by owner [13].
The variations could be for financial, design aesthetics, changes in drawings, weather, geological and
geotechnical reasons [34]. However, causes of variations could be linked to the employer, consultants
and/or contractors. The variation in construction impact project cost and time and is linked to the
activities of factors such as owner, consultant, contractor, project management, local authorities, and
force majeure [12].

EFFECTS OF VARIATIONS ORDERS ON CONSTRUCTION PROJECTS

Variation orders impact the successful delivery of construction projects. However, not all changes lead to
variation and have meaningful impacts. Variation orders on critical items of construction projects have
negative consequences on the performance of the project. At many stages of construction projects,
variations orders have an impact on the budget and calendar of the project [35]. Changing orders result in
claims and disputes, time overrun, cost overrun, logistic delays, poor quality, demolition and waste [36].
The main effects of variation orders in civil engineering projects are Cost Overruns, Contractual Disputes
and Claims, Time Overruns, Increased Overhead Costs, and Progress Degradation [33].
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The effects of variation on infrastructure project delivery are construction delays, increase in cost of
project, slow progress of the project and rework [18]. The consequences of variation are schedule overrun,
budget overrun, and disagreement among parties on road construction projects [32]. In the work of [37],
the significant impacts of variation are budget and schedule overruns. Changes emanate from additional
work requests from the project owner, and such change leads to scheduled overrun, cost overrun, claims
and disputes both in Nigeria and Oman [26]. The variations lead to logistic delays, postponement or work,
and budget overrun on construction projects [31].

Disputes and avoidable claims will be on the increase on construction projects with variation issues,
[38]. Loss of productivity, construction delays, additional cost to contractors, non-value-added activities,
slow progress of work, disputes between client and contractor, poor quality, were highlighted as the major
effects of variations order [39],[32]. A study revealed that the most significant effects of variation order on
construction projects were increase in project cost, retarded progress of work, cash flow crises, decrease in
contractor's profit, abandonment of project, quality degradation, logistics delay, rework and demolition
[24]. One of the harmful impacts of the change order was identified as increase in cost, and therefore
must be minimized in a project [40]. Construction projects are not immune to changes, variations or
fluctuations, therefore, the parties to construction contracts must strive hard to reduce changes to the
lowest minimum to deliver value to the client [22].

The complexity of construction projects makes it difficult for construction operations to be accurately
determined prior to commencement of work on site [7]. These leads to variations during construction
which could be detrimental, and cause Cost overruns, Time overruns, disputes between the parties of the
contract, adverse effect on the professional reputation of one or more parties, additional specialist
equipment/personnel, additional health & safety equipment/measure, degradation of health & safety, and
degradation of quality. In Ethiopia, [41] found that completion schedule delay, increase in project cost,
additional payments for the contractor, effect on progress, and increase in overhead expenses were the
main impacts of variation orders on public construction projects. [12] posit that variation orders in
construction are frequently accompanied with series of impacts particularly on projects quality, time, and
cost. El Sarag [42] developed a model based on variation data and found that 40% addition to project cost
and time were caused by variations. It was advocated that absolute care should be taken to ensure that
project resources are monitored and controlled to minimize the changes/variations, so that project goal
would be achieved. The major effects of variation on projects are increase in project cost,
increase in overhead expenses, decrease in quality of work, and decrease in labour productivity [13]. The
use of work breakdown structure, reviewing the contract documents prior to construction and freezing the
design after a certain stage of construction, were advocated to ensure control of variations.

MATERIALS AND METHODOLOGY

The purpose of this study is to determine the causes and effects of variations in civil engineering
construction projects in Imo State, Nigeria. The study adopted a well-structured questionnaire
administered to collect quantitative data from construction professionals within the study area. The
questionnaire provides a less time consuming, less expensive means of data sampling larger audiences
[43]. It is a common instrument used for social research and it can reach larger participants within a short
period of time [44],[45]. The sampled professionals include Architects, Builders, Engineers and Quantity
Surveyors who have an acceptable level of experience in the delivery of civil engineering construction
projects. These experts are the key employees of clients, consulting and contracting organizations in the
construction industry of any nation [43]. Clients, consultants and contractors have been sampled in
previous related studies, for example [31],[33].

Snowball sampling was adopted in the administration of the questionnaire to the experts. The
snowball sampling techniques can increase the sample size [46], and it depends on referrals [47].
Snowball sampling is suitable for collecting data from experienced participants, who met the study survey
conditions but are difficult to reach. Some conditions for participation in a study include (i) participants
must have at least 5 years of work experience, (ii) are experienced in the subject under consideration, (iii)
and still actively engaged in the delivery of civil engineering projects [48]. These sample participation
conditions were adopted in this study to ensure that the survey obtained quality, rich and unbiased data
[48],[49]. With such sampling selection criteria, determining the sample population and size becomes
impracticable as there is no separate database of experts with such criteria. Thus, this justifies the use of
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snowball sampling [49]. The researcher administered the research instrument using electronic means.
According to [43], the electronic means of the survey is an environmentally friendly means of a survey.

The questionnaire was designed into three sections. The first section gathered information on the
background details of the respondents. The information from the first section served as a quality check for
those collected from other sections. The second section gathered data on the causes of variation in civil
engineering projects, and the last section gathered data on the effect of variation on civil engineering
projects. The gathered data were based on a 5-Likert scale in which 1 is the lowest scale and 5 is the
highest scale. After a sampling period that span from September to November of 2021, a total of 126
usable responses were received.

Review of construction management literature to gather information
on the causes and effects of variation in construction projects.

v

Development of quantitative questionnaire based on variables
obtained from the review.

v

Sampling of construction experts using snowball sampling
technique via electronic means

]

Data analysis- using descriptive tools

v

Results discussion

v

Conclusion and recommendation

RE Y G

Figure 1: Study methodological flow chart

Frequency, percentage, and mean item score were used to analyze the collected data. Frequency and
percentage were used to analyze data gathered on the basic information of the participants. Mean item
score (MIS) was used to analyze data collected on the causes and effects of variation in civil engineering
projects. The reliability of the research instrument was carried out using Cronbach’s alpha test. A
Cronbach’s alpha coefficient of 0.812 and 0.879 was obtained from the analysis and this is well above the
0.70 proposed by [50],[51]. Based on this, it was concluded that the data has high reliability and internal
consistency and is of good quality. Figure 1 shows the summary of the study methodological flow chart.

RESULTS AND DISCUSSION
BACKGROUND INFORMATION OF THE RESPONDENTS

It can be seen from Table 1 that more of the respondents came from the private sector with 72.22%,
followed by the public organizations (27.78%). The professional distribution of the participants shows that
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19.84% are architects, 15.87% builders, 36.51% engineers, and 27.78% Quantity Surveyors. In terms of
their experiences, 34.92% have 6-10 years experience, those with 11-15 years (42.86%), 16-20 years
(18.25%) and above 20 years (3.97%). In terms of the Highest educational qualification, HND holders are
7.914%, PGD (14.29%), BSc/BTech (45.24%), MSc/M.Tech (32.54%) and PhD (0.79%).

Table 1. Demographic characteristics of Respondents

Category Classification Freq. %
Category of Organization Public organization 35 27.78
Private organization o1 72.22
TOTAL 126 100.00
Respondents’ profession Architects 25 19.84
Builders 20 15.87
Engineers 46 36.51
Quantity Surveyors 35 27.78
TOTAL 126 100.00
Years of experience 6-10 years 44 34.92
11-15years 54 42.86
16-20 years 23 18.25
Above 20 5 3.97
TOTAL 126 100.00
Academic Qualification HND 9 7.14
PGD 18 14.29
BSc/Btech 57 45.24
M.Sc/M.Tech 41 32.54
PhD 1 0.79
TOTAL 126 100.00%

LEVEL OF EXPERIENCE IN MANAGING VARIATIONS

The respondents have a high level of experience in the management of variations in civil engineering
projects. This is evidenced in Figure 2 in which 7.95% indicated having a medium experience, while
54.76% indicated having high experience and 37.30% indicated having very high experiences. It can be
concluded that their experience ranges from high to very high.

Very high 37.30%
High
Medium

low

Very low

Figure 2. Level of experience in managing variations.
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CAUSES OF VARIATION IN CIVIL ENGINEERING PROJECTS

Table 2 shows the result of the analysis on the data obtained for the causes of variation in civil engineering
projects. Under the contractors'-related factors, the top causes of variations in civil engineering projects
are; Poor and unabridged communication gap (mean=4.12), Lack of proper monitoring and evaluation
(mean=4.06), and Poor quality contract documentation (mean=3.89). Under the Employer/client-related
causes, the top causes of variations are; Replacement of materials or procedures (mean=3.94), Obstinate
nature of the employer (mean=3.92), Change of plans or scope by the employer (mean=3.46), and
Impediment in the prompt decision-making process (mean=3.17).

Under the Consultant related causes, the major causes of variations are; Technology change
(mean=3.94), Errors and omissions in design (mean=3.92), and Lack of coordination (mean=3.90).
Other causes of variation are; Weather conditions (mean=3.94), Change in government regulations
(mean=3.86), Change in economic conditions (mean=3.83), and Safety considerations (mean=3.75).

Table 2. Causes of variation in civil engineering projects.

S/No. Causes of variation mean Rank Overall rank

A Contractor’s related causes

1 Poor and unabridged communication gap 4.12 15t 15t
2 Lack of proper monitoring and evaluation 4.06 ond 2ond
3 Poor quality contract documentation 3.89 3rd gth
4 Unavailability of skills (shortage of skilled manpower) 3.73 4th 14th
5 Lack of contractor's involvement in the design 3.56 5th 16th
6 The desire for higher profit 3.47 6th 17th
7 Lack of strategic planning 3.43 7th 1gth
B Employer/ client-related causes

8 Replacement of materials or procedures 3.94 15t 3rd
9 Obstinate nature of the employer 3.92 ond 6th
10 Change of plans or scope by employer 3.46 grd 18th
11 Impediment in the prompt decision-making process 3.17 4th 20th
C Consultant related causes

12 Technology change 3.94 18t grd
13 Errors and omissions in design 3.92 2n 6th
14 Lack of coordination 3.9 3rd 8th
15 Change in design by consultants 3.78 4th 12th
16 Inadequate working drawing details 3.67 5th 15th
17 Design complexity 3.17 6th 20th
D Other variation causes

18 Weather conditions 3.94 15t grd
19 Change in government regulations 3.86 2ond 10th
20 Change in economic conditions 3.83 3rd 11th
21 Safety considerations 3.75 4th 13th

Overall, the top five (5) causes of variations in civil engineering projects are Poor and unabridged
communication gap (mean=4.12), Lack of proper monitoring and evaluation (mean=4.06), Replacement
of materials or procedures (mean=3.94), Technology change (mean=3.94), Weather conditions
(mean=3.94). While the least major causes of variations in civil engineering projects are; desire for higher
profit (mean=3.47), Change of plans or scope by the employer (mean=3.46), Lack of strategic planning
(mean=3.43), Impediment in the prompt decision-making process (mean=3.17), and Design complexity
(mean=3.17).
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An average mean weighting of 3.74 (74.77%), a maximum mean weight of 4.12 (82.38%) and a
minimum weighting of 3.17 (63.49%) showed that they are all significant contributors to civil engineering
projects in Nigeria. This is premised on the average mean weight which is above 50%. The finding in this
section is however in support of studies such as [9],[20],[28],[30].

EFFECTS OF VARIATION ON CIVIL ENGINEERING PROJECTS

Table 3 shows the results of the analysis of the data gathered on the effects of variation on civil
engineering projects. It can be seen that in order of their mean weighting the most critical effect is an
increase in construction time (mean=4.31), this is followed by total project abandonment (mean=4.16),
followed by an increase in construction cost (mean=4.15), Project failure (mean=4.08), logistics delays
(mean=3.93), Contractor dissatisfaction (mean=3.92), Dispute among the parties (mean=3.87), Safety
issues (mean=3.68), Determination by the contract (mean=3.61) and Arbitration/ litigation (mean=3.27).
The result obtained in this section is in support of previous studies [24],[31],[32],[35],[40].

Table 3. Effects of a variation on civil engineering projects

S/No. Variables MIS RANK
1 Increase in construction cost 4.15 3rd
o Increase in construction time 4.31 15t
3 Project failure 4.08 4th
4 Contractor dissatisfaction 3.92 6th
5 Total project abandonment 4.16 ond
6 Arbitration/ Litigation 3.27 10th
7 The dispute among the parties 3.87 7th
8 Logistics delays 3.93 5th
9 Safety issues 3.68 8th
10 Determination by the contract 3.61 gth

RELATIONSHIP BETWEEN THE CAUSES AND EFFECTS OF VARIATION IN CIVIL ENGINEERING
CONSTRUCTION

Based on the major findings and results in Table 2 and 3, the relationship between the causes and effects
of variation in civil engineering construction are summarized in the fishbone diagram (figure 2) below.
The top overall ten causes and five effects of variations on construction projects are shown. It can be seen
from Fig. 3 that unguided variation has the capability to kill a project as it affects negatively the key
parameters with which project success is measured. Therefore, variation impact on the project
performance measurement baselines could lead to premature failure, termination, and ultimate
abandonment of civil engineering projects.
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Figure 3: Fishbone diagram showing the causes and effects of variation in construction

CONCLUSION

This study adopted a well-structured questionnaire to determine the causes and effects of variation in civil
engineering construction projects in Imo State, Nigeria. Experts working in clients, consulting and
contracting organizations were sampled using snowball sampling technique via electronic means in the
study area. Following descriptive statistical analysis, the results obtained revealed that the experts have a
high level of experience in the management of variations in civil engineering projects and that the major
causes of variations are poor and unabridged communication gap, Lack of proper monitoring and
evaluation, replacement of materials or procedures, Technology changes, and Weather conditions. The
most ranked effects of variation on civil engineering projects are an increase in construction time, total
project abandonment, Increase in construction cost, Project failure and logistics delays.

It is recommended that communications should be increased among the project participants,
especially between the clients, consultants and contractors. This is particularly important in the exchange
of ideas, instructions, timely dissemination of directives and other vital information for the project. There
should be proper monitoring of projects by the concerned construction professional and timely
evaluation of reports to ease and quicken decisions that affect the project. Proper development of
brief and drafting of specifications regarding materials and procedures should be completed before
mobilizations to site and commencement of work. With evidence of the effect of variation orders, the
design team and construction team must work collaboratively to ensure that changes are minimized, and
clients get value for monies expended. This will prevent changes to materials during the construction
stage. Technology has been found to improve projects’ performance and workers' productivity. In this era
of the fourth industrial revolution which is equally known as industry 4.0. Technology is critical in every
stage of the project’s life cycle.

This study will help construction-related organizations with the basic information required to
effectively administer civil engineering contracts, particularly as it relates to variations orders and change
requests. This study will also add to the few available studies on variations in the Nigerian and other
developing countries of the world. This study is however limited by sampling method, sample size,
geographical boundary, and method of data analysis. While the result could be useful to other clans, the
generalizations of the result should be made with care. Based on this, a similar study could be carried out
in other states or regions in Nigeria or other developing countries of Africa. There is yet to be agreement
among scholars on the major originators of variations order, this is evident in the differing reports
regarding the clients' factors, consultants’ factors and contractors’ factors. Who is to be blamed on
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variations and other changes are still being debated; however, more studies have blamed the clients more
than the consultants. A study that will explore the causes and effects of client-specific causes of variation
is necessary.
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