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Abstract: The assessment of barriers to the application of cost-reduction techniques in delivering
educational buildings in Nigeria is essential in addressing the infrastructural shortage, building
performance, delay, cost, time overrun, and abandonment in the delivery of higher educational
buildings (HEBs). This study examines barriers to applying cost-reduction techniques in educational
buildings in southwestern Nigeria. Using a survey design, the questionnaire was distributed to
stakeholders who participated in delivering the government intervention, private donors, and inter-
nally generated revenue educational buildings in public tertiary institutions in southwestern Nigeria
from 2012 to 2022. A total of 150 copies of the questionnaire were administered, while 133 responses
were obtained and analyzed. To begin with, data reliability and validity were examined using
Bartlett’s sphericity, Cronbach’s alpha, and Kaiser-Meyer—-Olkin (KMO) tests, accordingly, followed
by descriptive, Kruskal-Wallis H test, and exploratory factor analysis. The six components obtained
from exploratory factor analysis for explaining the barriers to applying cost-reduction techniques in
educational buildings were as follows: ambiguity in HEB contracts awards and project executions,
lack of control from the HEIs management over HEB project delivery, perceived political influence
in HEB procurement, unrealistic contract requirements and change orders, non-prioritization of
automation integration in HEB delivery, and deficiencies in contract documents and costing. This
study recommends establishing a project-monitoring team involving independent consultants from
project inception to reduce excessive errors, practices of assigning contracts to the lowest bidder, and
excessive claims for variation orders that escalate the project’s final sum.

Keywords: barriers; cost reduction; educational buildings; higher education institutions;

construction stakeholders

1. Introduction

The application of cost-reduction techniques in delivering higher educational buildings
(HEBs) emerged from the demands to mitigate the consequences of delay and overspending,
project abandonment, and poor standards [1]. This is because cost-reduction techniques
often influence the timely delivery of HEBs to meet academic, administration, and residency
purposes within higher education institutions [2]. According to Beste and Klakegg [3], cost-
reduction techniques are cost-control strategies to keep building projects within budget
or reduce the overall delivery cost. Oyewobi et al. [4] noted that cost reduction is a
significant factor for construction stakeholders, often based on various techniques and
software to control costs and achieve project objectives. The importance of reducing
construction costs through the material, process substitution, site organization, and site
cost management without compromising quality delivery [5-8]. Cost-reduction techniques
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enable construction stakeholders to achieve project performance related to time, cost, and
quality delivery goals [1,6,9].

There are various techniques for achieving cost reduction in construction project de-
livery. Target value design often provides a collaborative design that promotes design
outcomes, maximizes value and the concurrent engineering required for meeting the
project’s budget in a contractual arrangement [10-12]. Al-Weriket [13] advanced knowl-
edge of the role of the supply chain in reducing time, cost, and wastage, controlling project
costs, and increasing contractors’ profitability. According to [14], budgetary control also
effectively manages resources (money, machines, materials, and human resources) to ac-
complish planned goals in a contractual arrangement. Likewise, Refs. [15,16] explored the
significance of standardizing and simplifying component units to attain life cycle costing in
construction project delivery. Studies by Refs. [17,18] further provided an understanding
of activity-based costing in assigning indirect and overhead costs to different operations in
the project delivery to facilitate building project performance and cost control. However,
Aboelmagd [19] noted that earned value analysis is among the principal techniques to
lower the cost of construction, while also guaranteeing cost efficiency. Vivan et al. and
Miranda et al. [20,21] reported that the Kaizen approach offers construction cost analysis
and diagnostic tools to guarantee quality delivery and cost reduction in building projects.
The availability of a circular economy model of production and consumption also con-
tributes to the control of cost-reduction techniques, which encourages leasing, sharing,
repairing, refurbishing, reusing, and recycling existing materials and products [22-24].
Nevertheless, Refs. [25,26] maintained that integrating automation into construction plan-
ning and processes promotes stakeholders’ collaboration in achieving project economic
value. They concluded that innovations in technology such as the Industry 4.0 paradigm,
digital twins, artificial intelligence, sensing technologies, Building Information Modeling
(BIM), and the smart cities concept could foster the application of robotics and automation
in the construction sector despite the low adoption reported in [25,27].

However, Refs. [28-31] submitted that HEBs projects exhibit unsatisfactory perfor-
mance, delays, cost, and time overrun. This prompted stakeholders to explore cost-
reduction techniques in delivering HEBs in Nigeria. The investigation of [32] revealed
varying degrees of usage of the 16 various cost-reduction techniques investigated on public
tertiary educational building projects. At the same time, Syahrizal et al. [33] suggested
the application of value engineering at the project’s initial phases to achieve optimal cost
reduction. Meanwhile, Hafez et al. [34] demonstrated the use of earned value management,
activity-based costing, target costing, and value engineering and emphasized the need for
optimal cost reduction and control on the construction site. Ogunbayo et al. [35] admitted
the desire of Nigerian higher educational institutions (HEIs) to provide infrastructural
facilities to meet students’ yearly intake and maintain the overstretching of available physi-
cal facilities. This is also to ensure that the HEBs delivered via government intervention,
private donors, and internally generated revenue (IGR) to meet the required quality and
stayed within the cost estimate [30,36-38]. Unfortunately, the application of these available
cost-reduction techniques is not without its barriers, particularly in relation to HEBs in
emerging nations, especially Nigerian HEIs.

The need to identify and overcome barriers to applying cost-reduction techniques
in HEB delivery has become increasingly urgent, with constrained budgets and rising
construction costs. Several essential considerations highlight the urgency of this study.
First, the financial constraints within public higher educational institutions necessitate
the prudent allocation of resources to support core educational objectives. Secondly, the
escalating costs associated with construction projects in Nigeria significantly burden institu-
tional budgets, potentially compromising the quality of education provided. Furthermore,
the barriers to adopting cost-reduction techniques in Nigeria’s public higher educational
buildings created a knowledge gap regarding their essentiality in addressing the infrastruc-
tural shortage, building performance, delay, cost and time overrun, and abandonment in
delivering HEBs. In addressing this knowledge gap, this study examines the barriers to
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cost-reduction techniques in higher educational buildings in southwestern Nigeria to enrich
their adoption in higher education building delivery in Nigeria. Hence, a literature review
identified 31 barriers from existing studies. Descriptive statistics and exploratory factor
analysis were employed to determine the barriers to adopting cost-reduction techniques in
delivering HEB in southwestern Nigeria. Through an in-depth exploration of stakeholders’
perspectives, this study aims to identify actionable insights that can inform policy decisions,
improve operational efficiency and building delivery, and ultimately enhance the quality
of educational services provided by public HEIs in Nigeria.

2. Literature Review
2.1. Overview of the Nigerian Higher Educational System

The Nigerian higher education system comprises 265 universities, 180 polytechnics,
89 colleges of education, 183 mono-technics, 33 colleges of agriculture, and 94 colleges of
health technology [39,40]. The higher education system in Nigeria is under the Federal
Ministry of Education and is overseen by the National Board for Technical Education
(NBTE) and the National Universities Commission (NUC) [41,42]. Likewise, there are
three categories of ownership of the various higher education institutions in Nigeria:
federal government, state government, and privately owned [1,36]. The financing of public
higher education institutions in Nigeria is mainly the responsibility of the federal and
state governments, comprising about 90% of the required funds, with 10% of the funds
generated internally [30,36]. Nonetheless, Refs. [30,43—45] noted that additional funding
sources have to be adopted to fill the gaps caused by the federal and state governments’
incapability to fulfill HEI's needs for infrastructure facilities. The Nigerian government
instituted a tertiary education trust fund (TETfund) under the Act of 2011 to improve the
Nigerian education sector through a government intervention program. The provision
of the TETfund Act of 2011 mandated registered companies in Nigeria to contribute an
education levy of 2% of their taxable income [46]. In Refs. [36,37,47], the authors admitted
that various internal revenues and donor funds such as grants, student levies, private
sector contributions, commercial activities, and consultancy services are used to fill the
infrastructure gap in Nigerian HEIs.

Nonetheless, the funding for the education sector by the Nigerian government was
negatively affected by the rise in HEIs and the economic recession [48]. This has also caused
growing concern about the rising student population and infrastructural facilities deficit in
Nigerian higher education institutions (HEIs), which poses a tremendous threat to available
limited resources [35,48,49]. Poor construction project performance and delivery within
Nigeria’s education sector have cut stakeholders” attention in the construction industry [50].
In Refs. [51-54], the authors expressed that over the last two decades, 56,000 HEBs funded
through government intervention, private donors, and internally generated revenue (IGR)
in the public tertiary institutions nationwide experienced delay, abandonment, cost, and
time overrun. Aghimien and Aigbavboa [30], noted that the success of these interventions is
undermined due to the escalation of the final project’s sum, lack of automation integration,
lack of detailing of designs, excessive material wastage, and poor communication and
coordination systems between parties.

Ewa [51] postulated that the delivery of HEBs is characterized by ambiguity in the con-
tract documentation, a lack of clear goals and objectives, inadequate funding and budgetary
allocation, improper project planning from commencement, corruption and compromises,
and the withholding of official white papers on abandoned projects. Okechukwu et al. [47],
posited that the problems of financing, equity, efficiency, equality, and governance have
often slowed down the capacity of education to fulfil its role in developing nations, particu-
larly in the Nigerian education sector. Aghimien et al. [50], noted that the problem created
due to insufficient HEBs and underfunding of higher education institutions in Nigeria has
recently caused various industrial actions to be taken by academic bodies. These, therefore,
call for cost reduction and control to ensure that the available funds are utilized effectively
in managing available resources in the delivery of higher educational buildings in Nigeria.
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In Refs. [30,55,56], the authors concurred that time and cost performance are essential in
delivering HEBs, which often become a significant concern to construction stakeholders.
Breuer et al. [6], affirmed that quality cost-reduction techniques remain the most important
means of realizing effective cost performance in a project.

2.2. Barriers to the Application of Cost-Reduction Techniques in Delivering Higher
Educational Buildings

In mitigating the impact of various claims from contractors, clients’ late payments,
and delayed approval of change orders escalating the final project sum in delivering
public educational buildings in Nigeria, scholars have expressed different views about the
barriers to adopting cost-reduction techniques [57-61]. According to [62,63], barriers to
applying cost-reduction techniques in HEBs include HEI's management lacking control,
the project team lacking technical competency, and HEI's management lacking support and
commitment. Dougherty [64] reported that more than 80% of higher education institutions’
funding comes from the federal government, making it difficult for each institution to
control the cost of delivering educational building projects.

Isofia et al. [61], noted that despite the TETfund guidelines for releasing funds for
work conducted during the delivery of educational building projects in public tertiary
institutions, there are still late payments to contractors, unrealistic contract durations and
requirements, and imposition of fixed price contracts for contracts exceeding one year, all of
which affect the final cost of the educational building projects. In Refs. [65,66], the authors
attributed barriers to applying cost-reduction techniques in HEBs to communication gaps
among contract parties, resulting in cost underestimation and excessive change orders.
Meanwhile, Hatoum [12] reported that improper communication among project parties,
which resulted in excessive delay and increased construction cost, could have been avoided
had an integrated design approach been implemented. According to [65], construction
professionals purposefully break established rules under pressure to generate documenta-
tion despite improper activities. Asiedu and Adaku [66] posited that excessive errors and
inconsistencies at the design stage, the practice of assigning contracts to the lowest bidder,
insufficient time for estimation, and utilization of poor procurement strategies could cause
variances, a significant source of cost overruns for clients and contractors. Wells [67], added
that communication hurdles that cause inaccurate estimations at the pre-contract stage
might lead to the acceptance of meagre bidding rates, which can lead to misinformation
about construction project funding decisions and arrangements.

In Refs. [61,68,69], all of the authors attributed barriers to applying cost-reduction
techniques in the HEBs to contractors’ payment delays that push them to undermine their
professional integrity and stifle their desire to complete quality jobs on time. In Refs. [67,70]
it was noted that prolonged and intractable delays, uncertainties surrounding payment for
performed work, and a lack of enforcement of contract provisions by all parties significantly
affect the adoption of cost-reduction techniques in Nigerian HEB delivery. Furthermore,
Alsuliman et al. [71] observed that barriers to applying cost-reduction techniques in the
HEBs could be attributed to high numbers of construction changes on educational build-
ing projects and change orders to alter or modify the original design or scope of work
throughout construction. They asserted that the complexity of construction projects means
delivering a project without any change in its lifecycle is impossible. In Refs. [71,72], the
authors submitted that multiple unrecorded change orders frequently lead to scope creep
and cost overruns in building projects. In Refs. [73-76], the authors further informed that
fluctuation in the price of building materials, the high cost of building materials, payment
challenges, and materials shortage have consequences on the final construction sum.

According to [77], Nigeria’s education sector’s planning, administration, and manage-
ment are greatly influenced by the political party in power. Olayisade et al. [77] noted that
unfavorable conditions in the Nigerian educational sector could be traced to political office
holders and party affiliations, educational buildings’ budget padding, high bureaucracy,
and the continuous payment failure cycle significantly affecting cost-reduction techniques
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application in the delivery of HEBs. Likewise, Refs. [78,79] admitted that the fragmented
nature of the project stakeholders in delivering HEBs, such as the government, clients,
contractors, subcontractors, suppliers, and consultants, contributed to stakeholders’ corrupt
practices preventing the use of cost-reduction techniques. Khadim et al. [80] noted that
infrastructure projects are most susceptible to corruption due to the high capital involved
in their production. When the money allocated for constructing infrastructure, such as
roads, schools, hospitals, etc., is misappropriated due to contractors’ incorrect planning
and scheduling; Owusu et al. [79] opined that it could result in a socio-economic setback.
Non-adherence to professionalism and ethical practice, deception, and delusion among
the project team often influence the application of cost-reduction techniques in delivering
HEBs [80,81]. In Refs. [33,82], the authors posited barriers such as political leadership,
culture, funding and institutional administration, and lack of automation integration in the
process of HEB delivery attributed to barriers influencing the adoption of cost-reduction
techniques. Therefore, Table 1 summarizes the identified barriers to applying cost-reduction
techniques in HEBs.

Table 1. Summary of Barriers to the application of cost-reduction techniques in HEBs.

Barriers to the Application of Cost-Reduction Techniques in HEBs Authors

HEI's management lacks control

HEI's management lacks support and commitment
Project team lacks technical competency

High construction changes on HEB projects

High cost of building materials

Complexity of tertiary education projects
Continuous cycle of payment failure

Cash inflow problems

Stakeholders’ corrupt practices

Influence of political party in power in governance
Materials shortage

Excessive design errors

High construction claims

Deficiencies in cost estimates prepared by public agencies
Budget padding on educational projects

Disputes from enforcement of contract provisions
Ambiguity in contract documentation

Inexperience of project stakeholders

Practices of assigning contracts to the lowest bidder
Inaccurate estimates

Insufficient time for estimation

Contractors lacking experience in project type

Lack of communication among parties

Utilization of poor procurement strategies

Lack of automation integration

Variation order

Unrealistic contract requirements and duration
Contractors’ incorrect planning and scheduling
Acceptance of meager bidding rates
Non-adherence to professionalism and ethical practice

62,63]
62,63]
61,62]

1]
71,73,74]
61,62,73]
61,68,69,77]

4]
78-80]
77,79]
71,75,76]
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78-80]
47,77,82]

51,71,72]
78-80]
66]
30,47,66]
30,66]
78-80]
65-67]

6]
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1]
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Fixed price imposition for contracts exceeding one year
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3. Materials and Methods

This study examined barriers to applying cost-reduction techniques in higher ed-
ucational building delivery in southwestern Nigeria. An extant literature review was
conducted to identify and understand 31 barriers (see Table 1) to applying cost-reduction
techniques in delivering educational buildings. An extant literature review assists re-
searchers in providing a comprehensive overview of the current state of research to identify
gaps that should be considered [83]. A quantitative research design was adopted because it



Buildings 2024, 14, 2551

6 of 22

is appropriate for this study due to unbiased mathematical statistical or numerical data
analysis [84]. In Refs. [85-88] it was noted that quantitative research design enables survey
research, voting polls, structured questionnaires, or computational techniques to verify the
statistics that are already available and draw conclusions for generalizing research findings.

This study focuses explicitly on educational buildings delivered from 2012 to 2022 by
government intervention, private donors, and IGR in public HEIs in southwestern Nigeria.
The study was based on public HEIs in southwestern Nigeria accredited and overseen
by the NUC, NBTE, and the National Commission for College of Education (NCCE). The
southwestern part of Nigeria comprises six states: Lagos, Ogun, Oyo, Osun and Ekiti. These
states have fifty (50) HEIs (public universities, polytechnic, and colleges of education only).
However, this study focused on four states, namely Lagos, Ogun, Oyo, and Osun, due to
the preponderance of HEIs within their boundaries with a total of thirty-seven (37) HEIs.
Based on completed building projects within the selected time frame, the presence of the
physical planning/works department, and the accessibility of stakeholders that took part
in the construction, 15 HEIs were eventually considered in the survey. This includes Lagos
State (3), Ogun State (4), Oyo State (4) and Osun State (4), respectively. It is thought that
because the government contributes significantly to the education sector, and the different
financing schemes are employed in providing infrastructures in all public institutions
within the country, the selected public HEIs adequately represent the happenings in public
HEIs around the country.

A survey approach was adopted in which stakeholders who participated in delivering
HEBs within the selected time frame were purposively sampled. Purposive sampling is the
intentional inclusion of participants according to their special knowledge and expertise [89].
The sampling method adopted was informed by the focus of this investigation. These stake-
holders include those in the Physical Planning Unit/Works Department of the identified
institutions representing the client (i.e., the institution), consultants, and the contractors
that handled the building projects. A total of 150 participants” details were extracted from
the project files and thus included in the study. To manage response biases, the respondents
were assured the confidentiality of their identity and the voluntary right to take part in the
survey and to withdraw at any time. A structured questionnaire was developed and used
as a data collection instrument. The factors (see Table 1) informing the development of the
research questionnaire were based on the identified barriers to applying cost-reduction
techniques in HEBs from extant literature. Emails containing a link to the questionnaire
were sent to participants who were inaccessible in person.

The questionnaire determines the respondent’s level of agreement with the 31 iden-
tified barriers to applying cost-reduction techniques on a five-point Likert scale with
1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, and 5 = strongly
agree. The Likert scale was used for this research due to its excellent level of reliability
coefficient as well as its increased potential for obtaining feedback that accurately represents
the subject of discussion [42]. In total, 133 were received, representing an 89% response rate
and this was ascertained to be fit for analysis, based on the submission of [90] that if the
proportion of responses returned is below 3040 percent, it could be regarded as biased and
unimportant. Descriptive statistics and exploratory factor analysis were performed from
the data obtained from the field survey and were analyzed using IBM Statistical Package for
Social Science (SPSS) version 28.0. The exploratory factor analysis includes a test of reliabil-
ity using Cronbach’s alpha, Kaiser-Meyer-Olkin (KMO) test, and Bartlett’s sphericity tests.
According to [91], an exploratory factor analysis (EFA) is a statistical method of eliminating
a high tendency of interrelatedness or severe autocorrelation among the variable factors to
produce reliable and stable orthogonal findings. Furthermore, the EFA establishes the cor-
relation patterns in a dataset to extract variables from the different factor components [92].
As [93] recommended, a 0.837 value of Cronbach’s alpha test obtained in this study is more
significant than 0.7, indicating the data reliability and the interrelatedness of the variables
in each component. Also, the descriptive statistics determined the percentage, frequency,
standard deviation, and mean item score. In contrast, the inferential statistics determined
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significant differences in the respondents’ level of agreement with the identified factors
using the Kruskal-Wallis H test. The Kruskal-Wallis H is a non-parametric test that allows
researchers to determine groups’ variance and compare the mean scores on the continuous
variables according to the survey participants’ responses [94,95]. The decision to use a non-
parametric test was informed by a prior test conducted to check the normality of data using
Kolmogorov-Smirnov and Shapiro-Wilk tests. While the study of [42,48] reported that the
Shapiro-Wilk test is most suitable when the sample size is less than 2000, Aboginije [96]
mentioned that the Kolmogorov—Smirnov test is for sample size of 50 and above while the
Shapiro-Wilk test is for sample size less than 50. Since this study sample size is 133, both
tests were conducted. The results depicted in Table 2 show that the significant value of all
the assessed factors are 0.000, which is less than the 0.05 required threshold for normality.
Based on this, the data were adjudged non-parametric.

Table 2. Tests of normality.

Kolmogorov-Smirnov 2 Shapiro-Wilk

Statistic ~ df Sig. Statistic ~ df Sig.
HEI's management lacks support and commitment 0.207 133 0.000 0.884 133 0.000
HEI's management lacks control 0.189 133 0.000 0.887 133 0.000
Fixed price imposition for contracts exceeding one year 0.210 133 0.000 0.892 133 0.000
Contractors’ incorrect planning and scheduling 0.199 133 0.000 0.884 133 0.000
Disputes from enforcement of contract provisions 0.204 133 0.000 0.881 133 0.000
Deficiencies in cost estimates prepared by public agencies 0.328 133 0.000 0.757 133 0.000
Acceptance of meagre bidding rates 0.230 133 0.000 0.884 133 0.000
High construction changes on HEBs projects 0.234 133 0.000 0.852 133 0.000

High cost of building materials

0.272 133 0.000 0.836 133 0.000

Unrealistic contract requirements and duration 0.230 133 0.000 0.862 133 0.000

Variation order

Insufficient time for estimation

0.174 133 0.000 0.914 133 0.000
0.206 133 0.000 0.911 133 0.000

Continuous cycle of payment failure 0.179 133 0.000 0.916 133 0.000
Project team lacks technical competency 0.164 133 0.000 0.915 133 0.000
Lack of automation integration 0.181 133 0.000 0.915 133 0.000
Contractors lacking experience in project type 0.286 133 0.000 0.805 133 0.000
Ambiguity in contract documentation 0.225 133 0.000 0.851 133 0.000
Budget padding on educational projects 0.241 133 0.000 0.863 133 0.000
Cash inflow problems 0.235 133 0.000 0.875 133 0.000
Practices of assigning contracts to the lowest bidder 0.197 133 0.000 0.905 133 0.000
Inexperience of project stakeholders 0.243 133 0.000 0.879 133 0.000
Non-adherence to professionalism and ethical practice 0.223 133 0.000 0.869 133 0.000

Stakeholders’ corrupt practices

Materials shortage

0.188 133 0.000 0.903 133 0.000
0.236 133 0.000 0.889 133 0.000

Lack of communication among parties 0.205 133 0.000 0.892 133 0.000

Excessive design errors

0.259 133 0.000 0.876 133 0.000

Influence of political party in power in governance 0.179 133 0.000 0.879 133 0.000

Inaccurate estimates

0.193 133 0.000 0.899 133 0.000

Utilization of poor procurement strategies 0.188 133 0.000 0.893 133 0.000

High construction claims

0.214 133 0.000 0.906 133 0.000

Complexity of tertiary education projects 0.243 133 0.000 0.893 133 0.000

2 Lilliefors Significance Correction.

4. Results and Discussion of Findings
4.1. Respondents’ Demographic Information

Figure 1 presents the professional background of the respondents. The stakeholders
that participated in the survey comprised 32.3% (43) quantity surveyors, 22.6% (30) archi-
tects, 19.5% (26) civil/structural engineers, 14.3% (19) other disciplines, 7.5% (10) builders,
2.3% (3) electrical and 1.5% (2) mechanical engineers, respectively.
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Quantity surveyor I 32.3
Architect I 22 6
Civil/Structural engineer IEEEEEEEEEEEESS—— 10.5
Other mEEEEEESS————— 14.3
Builder mmmm— 7.5
Electrical engineer mm 23

Mechanical engineer ® 1.5

0 5 10 15 20 25 30 35

M Percentage

Figure 1. Respondent’s professional background.

Unsurprisingly, quantity surveyors have the highest percentage among the respon-
dents since they deal with construction costs. The findings of this data affirm that suitable
respondents participated in this survey. The findings also depict an excellent representation
of the significant construction professionals.

Figure 2 presents the study findings showing the respondents” working experience. A
total of 36.1% (48) had 21-30 years of experience, 32.3% (43) had 11-20 years of working
experience, 15.8% (21) of the respondents had 1-10 years of working experience, 10.5% (14)
had 31-40 years of working experience, and 5.3% (7) had 41-50 years of working experience
in the construction industry. As a result, the respondents had enough adequate years of
expertise to offer helpful insights into the study.

41-50years N 5.3

31-40 years [N 10.5

21-30years I 361
11-20years N 3223
1-10years [N 15.8

0 5 10 15 20 25 30 35 40

M Percentage

Figure 2. Respondent’s years of working experience.

4.2. Descriptive Analysis Findings

Table 3 presents findings from the descriptive analysis using mean scores (MS) and
standard deviation (SD) rankings of the barriers to applying cost-reduction techniques in
delivering HEB in southwestern Nigeria. For factors with the same MS, SD was used to
determine the most significant factor; this is in accordance with the study of [97], which
noted that when factors have the same mean values, the factor with the lowest SD is given
the highest ranking. The respondents ranked their level of agreement with the 31 identified
barriers to using cost-reduction techniques on a five-point Likert scale with 1 = strongly
disagree, 2 = disagree, 3 = neither agree or disagree, 4 = agree, and 5 = strongly agree.
Deficiencies in cost estimates prepared by public agencies ranked first with SD = 1.152 and
MS = 4.11; contractors lacking experience in project type ranked second with SD = 1.094
and MS = 4.03; HEI's management lacks support and commitment ranked third with
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SD =1.074 and MS = 43.69; excessive design errors ranked fourth with SD = 1.033 and
MS = 3.68. Contractors’ incorrect planning and scheduling with SD = 1.001 and MS = 3.65
and disputes from enforcement of contract provisions with SD = 1.053 and MS = 3.65
ranked fifth. The seventh-ranked barriers are HEI's management lacks control, with
SD = 1.003 and MS = 3.64, and the inexperience of project stakeholders, with SD = 1.124
and MS = 3.64. Likewise, fixed price imposition for contracts exceeding one year ranked
ninth with SD = 1.045 and MS = 3.59. In contrast, lack of communication among parties
with SD =1.123 and MS = 3.57, non-adherence to professionalism and ethical practice
with SD = 1.227 and MS = 3.57, and ambiguity in contract documentation with SD = 1.361
and MS = 3.57 were ranked tenth, respectively. Influence of political party in power in
governance ranked thirteenth with SD = 1.126 and MS = 3.53; cash inflow problems ranked
fourteenth with SD = 1.265 and MS = 3.47; while utilization of poor procurement strategies
with SD = 1.158 and MS = 3.46 and budget padding on educational projects with SD = 1.294
and MS = 3.46 ranked fifteenth.

Table 3. Barriers to the application of cost-reduction techniques in HEBs.

Barriers to the Application of Cost-Reduction

Mean Std. Dev. Rank Chi-Square  Asymp-Sig

Techniques in HEBs
Deficiencies in cost estimates prepared by public agencies 411 1.152 1 3.477 0.747
Contractors lacking experience in project type 4.03 1.094 2 6.440 0.376
HEI's management lacks support and commitment 3.69 1.074 3 15.394 0.017
Excessive design errors 3.68 1.033 4 19.106 0.004
Contractors’ incorrect planning and scheduling 3.65 1.001 5 9.444 0.150
Disputes from enforcement of contract provisions 3.65 1.053 5 13.765 0.032
HEI's management lacks control 3.64 1.003 7 15.957 0.014
Inexperience of project stakeholders 3.64 1.124 7 11.680 0.070
Fixed price imposition for contracts exceeding one year 3.59 1.045 9 24.207 0.001
Lack of communication among parties 3.57 1.123 10 17.201 0.009
Non-adherence to professionalism and ethical practice 3.57 1.227 10 16.851 0.010
Ambiguity in contract documentation 3.57 1.361 10 12.601 0.050
Influence of political party in power in governance 3.53 1.216 13 19.259 0.004
Cash inflow problems 3.47 1.265 14 15.676 0.016
Utilization of poor procurement strategies 3.46 1.158 15 13.727 0.033
Budget padding on educational projects 3.46 1.294 15 9.368 0.154
Inaccurate estimation 3.39 1.236 17 9.801 0.133
Stakeholders’ corrupt practices 3.37 1.209 18 16.366 0.012
Practices of assigning contracts to the lowest bidder 3.31 1.169 19 4.640 0.591
Materials shortage 3.27 1.268 20 15.323 0.018
Complexity of tertiary education projects 3.23 1.165 21 8.877 0.181
High construction claims 3.20 1.153 22 12.677 0.048
Variation order 3.14 1.072 23 16.060 0.013
Insufficient time for estimation 3.02 1.041 24 10.091 0.121
Lack of automation integration 3.01 1.077 25 12.060 0.264
Continuous cycle of payment failure 3.01 1111 25 13.273 0.039
Project team lacks technical competency 2.98 1.090 27 7.662 0.264
High cost of building materials 2.95 0.903 28 10.815 0.094
Acceptance of meager bidding rates 2.95 0.915 28 5.515 0.480
High construction changes on HEB projects 292 0.938 30 15.742 0.015
Unrealistic contract requirements and duration 2.86 0.930 31 18.082 0.006

Inaccurate estimation ranked seventeenth with SD = 1.236 and MS = 3.39; stakeholders’
corrupt practices ranked eighteenth with SD = 1.209 and MS = 3.37; practices of assigning
contracts to the lowest bidder ranked nineteenth with SD = 1.169 and MS = 3.31; materials
shortage ranked twentieth with SD = 1.268 and MS = 3.27; complexity of tertiary education
projects ranked twenty-first with SD = 1.165 and MS = 3.23. Consequently, high construction
claims ranked twenty-second with SD = 1.153 and MS = 3.20; variation order ranked twenty-
third with SD = 1.072 and MS = 3.14; insulfficient time for estimation ranked twenty-fourth
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with SD = 1.041 and MS = 3.01; while lack of automation integration with SD = 1.077 and
MS = 3.01 and continuous cycle of payment failure with SD = 1.111 and MS = 3.01 ranked
twenty-fifth. The project team lacks technical competency ranked twenty-seventh with
SD = 1.090 and MS = 2.98; high cost of building materials with SD = 0.903 and MS = 2.95
and acceptance of meager bidding rates with SD = 0.915 and MS = 2.95 ranked twenty-
eighth, while high construction changes on HEB projects with SD = 0.938 and MS = 2.92
and unrealistic contract requirements and duration with SD = 0.930 and MS = 2.86 ranked
thirtieth and thirty-first, respectively.

Looking through the SD column in Table 3, the result shows that out of the 31 barriers
assessed, only 4 have an SD less than 1.0, which implies that there is little variability in
the data and more consistency in agreement among the respondents concerning these
4 barriers. However, the remaining 27 barriers with a SD greater than 1.0 indicate greater
dispersion or spread of the data points around the mean. As recommended by [48], an MS
value of 3.00 suggests the importance of the identified barriers to the application of cost-
reduction techniques, while a MS value of <3.00 is an insignificant barrier to the application
of cost-reduction techniques. The result shows that 27 out of 31 of the assessed barriers
have a mean value above average 3.0, which implies they are significant and thus adequate
attention should be paid to these barriers to encourage the application of cost-reduction
techniques, thereby improving cost performance of HEBs. This result is consistent with
the study of [4] who discovered that the most significant factors affecting building cost
are inadequate planning, inadequate financial control, disputes, inaccurate cost estimates,
the relationship between management and labor, and lack of consultants and contractors.
Likewise, Aboelmagd [19] concluded that change orders, design errors, materials rising
in prices, and lowest bidding procurement methods were the top factors affecting cost
reduction for mega projects.

Furthermore, as indicated in Table 3, a Kruskal-Wallis non-parametric test was con-
ducted to compare the perspectives of the stakeholders involved in the survey depending
on their professional designation (architects, builders, quantity surveyors, electrical engi-
neers, civil/structural engineers, mechanical engineers, and others). Table 3 indicates that
18 out of the 31 identified barriers had a significant p-value ranging from 0.001 to 0.05, below
the recommended 0.05 p-value and Chi-Square range of 12.601-24.207 [94,95], indicating a
statistically significant difference in the perception of respondents on the barriers to the
application of cost-reduction techniques in public higher educational buildings in Nigeria.
They included HEI's management lacking support and commitment with a p-value of 0.017;
excessive design errors, p-value of 0.004; disputes from enforcement of contract provisions,
with a p-value of 0.032; HEl's management lacks control, with a p-value of 0.014; fixed
price imposition for contracts exceeding one-year, p-value of 0.001; lack of communication
among parties, p-value of 0.009; non-adherence to professionalism and ethical practice,
with a p-value of 0.010; ambiguity in contract documentation, p-value of 0.050; influence
of the political party in power, with p-value of 0.004; cash inflow problems, p-value of
0.004; utilization of poor procurement strategies, p-value of 0.033; stakeholders corrupt
practices, with a p-value of 0.012; materials shortage, p-value of 0.018; high construction
claims, p-value of 0.048; continuous cycle of payment failure, p-value of 0.039; variation
order, with a p-value of 0.013; high construction changes on HEBs projects, p-value of 0.015;
and unrealistic contract requirements and duration, with a p-value of 0.006.

4.3. Exploratory Factor Analysis Findings
4.3.1. KMO and Bartlett’s Test

Table 4 depicts findings from the exploratory analysis (EFA) of the 31 identified
barriers to applying cost-reduction techniques in educational building delivery, using the
IBM SPSS statistics 28.0. The principal component of EFA was used to determine survey
data appropriateness for factor analysis using the KMO test and Bartlett’s test of sphericity.
A 0.837 value was obtained for the KMO test, which exceeds the minimum value of 0.6,
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0.000 for Bartlett’s test of sphericity and <0.05 of the level of significant value recommended
for data suitable for an exploratory factor analysis [97,98].

Table 4. KMO and Bartlett’s Test.

KMO and Bartlett’s Test
Kaiser-Meyer—Olkin Measure of Sampling Adequacy. 0.837
Approx. Chi-Square 2802.900
Bartlett’s Test of Sphericity df 465
Sig. 0.000

4.3.2. Scree Plot

Figure 3 depicts the findings of the scree plot using the oblimin rotation method to
show the eigenvalue of the 31 identified barriers to applying cost-reduction techniques in
educational building delivery in HEIs within southwestern Nigeria. The graph indicates the
six components correlated above 1 eigenvalue before the break in the steep slope. The steep
slope represents the extraction of six significant components, while the gradual trailing
indicates the remaining variables < 1.0 eigenvalue [95].

Eigenvalue

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Component number
Figure 3. Scree plot.

4.3.3. Communalities

Table 5 presents the communalities for the 31 identified barriers to applying cost-
reduction techniques in HEBs. All variables have extraction values greater than 0.1, which
justifies data suitability for an exploratory factor analysis.

Table 5. Communalities for barriers to the application of cost-reduction techniques in HEBs.

Variables Initial Extraction
HEI's management lacks support and commitment 1.00 0.765
HEI's management lacks control 1.00 0.750
Fixed price imposition for contracts exceeding one year 1.00 0.701
Contractors” incorrect planning and scheduling 1.00 0.831
Disputes from enforcement of contract provisions 1.00 0.803
Deficiencies in cost estimates prepared by public agencies 1.00 0.891
Acceptance of meager bidding rates 1.00 0.447
High construction changes on HEB projects 1.00 0.657
High cost of building materials 1.00 0.690
Unrealistic contract requirements and duration 1.00 0.609
Variation order 1.00 0.654
Insufficient time for estimation 1.00 0.634

Continuous cycle of payment failure 1.00 0.658
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Table 5. Cont.

Variables Initial Extraction
Project team lacks technical competency 1.00 0.762
Lack of automation integration 1.00 0.690
Contractors lacking experience in project type 1.00 0.866
Ambiguity in contract documentation 1.00 0.803
Budget padding on educational projects 1.00 0.686
Cash inflow problems 1.00 0.731
Practices of assigning contracts to the lowest bidder 1.00 0.650
Inexperience of project stakeholders 1.00 0.673
Non-adherence to professionalism and ethical practice 1.00 0.721
Stakeholders’ corrupt practices 1.00 0.510
Materials shortage 1.00 0.608
Lack of communication among parties 1.00 0.491
Excessive design errors 1.00 0.493
Influence of political party in power in governance 1.00 0.812
Inaccurate estimates 1.00 0.847
Utilization of poor procurement strategies 1.00 0.811
High construction claims 1.00 0.766
Complexity of tertiary education projects 1.00 0.722

Extraction Method: Principal Component Analysis.

4.3.4. Total Variance Explained

Table 6 presents the latent root, or Kaiser’s criterion for retaining EFA factors greater
than 1.0 eigenvalues of the total variance that explained the 31 identified barriers to apply-
ing cost-reduction techniques in educational building delivery in HEIs within southwestern
Nigeria. The six components with eigenvalues > 1.0 were explored as 6.855, 5.924, 3.719,
2.302, 1.849, and 1.082, accounting for 22.113%, 19.110%, 11.997%, 7.456%, 5.963%, and
3.490%. These factors explained 70.099% of the variance, highlighting the significance of
the variables of the six components.

Table 6. Total variance explained.

=

g .

§ Initial Eigenvalues Extraction Sums of Squared Loadings ;{;1::10‘;1501;?;(;
=t

8 Total % of Variance =~ Cumulative % Total % of Variance =~ Cumulative % Total
1 6.855 22.113 22.113 6.855 22.113 22.113 6.280
2 5.924 19.110 41.223 5.924 19.110 41.223 4716
3 3.719 11.997 53.219 3.719 11.997 53.219 4.539
4 2.302 7.426 60.646 2.302 7.426 60.646 2.532
5 1.849 5.963 66.609 1.849 5.963 66.609 4.305
6 1.082 3.490 70.099 1.082 3.490 70.099 2.814
7 0.908 2.929 73.028

8 0.805 2.597 75.625

9 0.741 2.392 78.017

10 0.723 2.333 80.350

11 0.604 1.948 82.299

12 0.546 1.761 84.060

13 0.520 1.679 85.739

14 0.431 1.391 87.129

15 0.382 1.232 88.362

16 0.360 1.161 89.522

17 0.352 1.137 90.659

18 0.341 1.100 91.759

19 0.316 1.018 92.778

20 0.304 0.980 93.758
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Table 6. Cont.

c
g .
§ Initial Eigenvalues Extraction Sums of Squared Loadings g;z:;:oilfoi?fn;fs
=
8 Total % of Variance ~ Cumulative % Total % of Variance =~ Cumulative % Total
21 0.277 0.893 94.651
22 0.235 0.758 95.408
23 0.229 0.740 96.148
24 0.200 0.644 96.793
25 0.187 0.603 97.395
26 0.173 0.560 97.955
27 0.172 0.554 98.509
28 0.152 0.490 98.999
29 0.126 0.405 99.404
30 0.106 0.343 99.747
31 0.078 0.253 100.000
4.3.5. Pattern Matrix
Table 7 presents the pattern matrix of how the six components clustered the barriers
to applying cost-reduction techniques in HEBs. The naming and interpretation of the
components were according to the correlation between the factors that are loaded in each
component. Therefore, in line with the recommendation of [99,100], a common name was
assigned to each of the six components of the EFA thus: Component 1 was named “ambi-
guity in HEBs contracts awards and project executions”; Component 2 was named “lack of
control from the HEIs management over HEB project delivery”; Component 3 was named;
“perceived political influence in HEB procurement”; Component 4 was named “unrealistic
contract requirements and change orders”; Component 5 was named “non-prioritized
automation integration in HEB delivery”, and Component 6 was named “deficiencies in
contract documents and costing”. Likewise, as informed by [94], a 0.40 loading cut-off was
adopted as the minimum criteria for keeping the loading value and variables critical for
the EFA factors.
Table 7. Pattern matrix.
Component
1 2 3 4 5 6
Ambiguity in contract documentation 0.869
Cash inflow problems 0.850
Non-adherence to professionalism and ethical practice 0.844
Budget padding on educational projects 0.821
Inexperience of project stakeholders 0.817
Practices of assigning contracts to the lowest bidder 0.784
Materials shortage 0.739
Stakeholders’ corrupt practices 0.671
Excessive design errors 0.655
Lack of communication among parties 0.606
Disputes from enforcement of contract provisions 0.889
Contractors’ incorrect planning and scheduling 0.888
HEI's management lacks support and commitment 0.867
HEI's management lacks control 0.852
Fixed price imposition for contracts exceeding one year 0.812
Inaccurate estimates 0.909
Influence of political party in power in governance 0.899
Utilization of poor procurement strategies 0.892
High construction claims 0.866

Complexity of tertiary education projects 0.832
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Component
1 2 3 4 5 6

High cost of building materials 0.802

High construction changes on HEB projects 0.800

Unrealistic contract requirements and duration 0.711

Acceptance of meager bidding rates 0.613

Project team lacks technical competency 0.868
Continuous cycle of payment failure 0.807

Lack of automation integration 0.804

Variation order 0.791
Insufficient time for estimation 0.746
Deficiencies in cost estimates prepared by public agencies 0.921
Contractors lacking experience in project type 0.902

4.3.6. Component Correlation Matrix and Reliability of the Factors

As presented in Table 8, the relationship between the variables group of the six-
component correlation matrix shows the relationship within these clustered variables with
a value of around 0.300. The study findings collaborate with [99,101], who confirm that
a correlation matrix value of 0.300 shows highly correlated variables and relationship
dependence among these variables in the components. As indicated in Table 8, the findings
of the reliability test of the six components using Cronbach alpha coefficient obtained
values ranging from 0.728 to 0.930. The findings align with [98,99], indicating that the
Cronbach alpha coefficient greater than 0.6 for each of the six components is valid and
reliable, affirming the reliability of the data collection instrument used in this study.

Table 8. Component correlation matrix and reliability of the factors.

Component 1 2 3 4 5 6 Croggzggcsiglltpha
1 1.000 0.020 0.164 0.115 0.055 0.219 0.923
2 0.020 1.000 0.096 0.080 0.305 0.200 0.923
3 0.164 0.096 1.000 0.002 0.139 0.209 0.930
4 —0.115 0.080 0.002 1.000 0.137 0.038 0.728
5 0.055 0.305 0.139 0.137 1.000 0.167 0.875
6 0.219 0.200 0.209 0.038 0.167 1.000 0.919

Extraction Method: Principal Component Analysis. Rotation Method: Oblimin with Kaiser Normalization.

4.4. Discussion of Extracted Factors

Component 1: Ambiguity in HEBs contracts awards and project executions.

As indicated in Table 7, ambiguity in HEB’s contracts awards and project executions
clustered 22.113% of the variance explained with the highest loading factors of 10 variables.
These factors include ambiguity in contract documentation (87%), cash inflow problems
(85%), non-adherence to professionalism and ethical practice (84%), budget padding on
educational projects (82%), the inexperience of project stakeholders (81%), practices of
assigning contracts to the lowest bidder (87%), materials shortage (74%), stakeholders’
corrupt practices (67%), excessive design errors (66%), and lack of communication among
parties (61%). The variables in this component explain various ambiguities in HEB’s con-
tract awards and project executions, which prevented the application of cost-reduction
techniques in delivering educational buildings in Nigeria. The study findings align with
the conclusion of [51], which admitted that the delivery of educational buildings is char-
acterized by ambiguity in contract documentation, lack of adequate funds and budgetary
allocation, various corruption practices, and non-release of government white papers
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on abandoned projects that compromise the integrity of the project’s delivery. Various
contributing barriers to the non-application of cost-reduction techniques in educational
building delivery in HEIs are ambiguities in contract awards and project delivery. These
are due to practices of assigning contracts to the lowest bidder, excessive design errors,
cash inflow problems, and non-adherence to professionalism and ethical practices. The
study findings align with the submissions by [47] that the non-availability of finance, eq-
uity, efficiency, equality, and governance has frequently slowed down the infrastructural
development of HEIs in developing countries, particularly in the Nigerian education sector.
These factors negatively affect the funding of educational buildings and their infrastructural
facilities by government intervention, private donors, and internally generated revenue
(IGR). In addition to the findings of [33,35,49], these barriers led to infrastructure deficit,
delay, cost and time overrun, and abandonment in delivering education institutions in
Nigeria. The study findings are also in line with [66,68], who noted that excessive errors,
inconsistencies at the design stage, practices of assigning contracts to the lowest bidder, and
communication hurdles affected the application of cost-reduction techniques in educational
building delivery.

Component 2: Lack of control from the HEIs management over HEB project delivery.

In all, 19.110% of the total variance was clustered in the second component, as indi-
cated in Table 7. The underlying variables correlation in this component was named lack
of control from the HEI's management over educational building project delivery with
five variables, loaded as follows: disputes from enforcement of contract provisions (89%),
contractors’ incorrect planning and scheduling (89%), HEl's management lacks support
and commitment (87%), HEI's management lacks control (85%), and fixed price imposition
for contracts exceeding one year (81%). This component’s name informs us about the
HEI’s management’s lack of control over HEB project delivery. The study findings are in
collaboration with [62,63], who attributed barriers to applying cost-reduction techniques
in delivering educational buildings to HEl's management lacking control, support, and
commitment over the project delivery and the project team lacking technical competency.
Nonetheless, the process and procedures in the awarding of contracts and project delivery
should be able to balance HEI's management project consultant inclusiveness. The find-
ings are consistent with the studies of [64], who reported that more than 80% of higher
education institutions’ funding comes from the federal government, making it difficult for
each institution to control the cost of delivering educational building projects in Nigeria.
Likewise, in agreement with [61], the study findings emphasized the imposition of unreal-
istic contract duration and requirements and fixed price contracts for contracts exceeding
one year, often escalating the educational building projects’ final cost. Therefore, the HEI's
management consultant team, having control over the delivery of educational buildings
and establishing a project monitoring team involving independent consultants, is needed
to oversee stakeholders’ activities in delivery quality within the cost estimate.

Component 3: Perceived political influence in HEB procurement.

This component’s name was based on the perceived political influence in HEB pro-
curement, which negatively affects the application of cost-reduction techniques. The five
variables clustered in this component accounted for 11.997% of the total variance explained.
They include inaccurate estimates (91%), the influence of the political party in power (90%),
utilization of poor procurement strategies (89%), high construction claims (87%), and com-
plexity of tertiary education projects (82%). The study results show that the perceived
political influence in HEB procurement processes limits the application of cost-reduction
techniques in delivering educational buildings, particularly in southwestern Nigeria. These
findings collaborated with the barriers identified by [65,66], who noted that barriers to
applying cost-reduction techniques in educational buildings are due to communication
gaps among contract parties, resulting in cost underestimation and excessive change orders.
Likewise, Love et al. [65] maintained that stakeholders involved in delivering educational
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buildings purposefully break established rules to obtain payment documentation, even
when specific qualities in the condition of the contract are not met. Nonetheless, politicizing
educational buildings” procurement processes is a significant barrier to controlling final
costs, often giving contracting firms a strong backup for excessive claims for variation
orders. Hence, the contract must be awarded on merit and not politicized to improve
the delivery of educational building projects and other infrastructure needed in public
tertiary institutions.

Component 4: Unrealistic contract requirements and change orders.

The four variables loaded in this fourth component include the high cost of building
materials (80%), high construction changes on HEB projects (80%), unrealistic contract
requirements and duration (71%), and acceptance of meager bidding rates (61%). This
fourth component gathered 7.456% of the total variance. Generally, unrealistic contract
requirements and change orders are dominant when addressing barriers to applying cost-
reduction techniques in educational building delivery. As noted in this study’s results, [71]
affirms that barriers to applying cost-reduction techniques in the HEBs could be attributed
to high construction changes on educational building projects and change orders to alter or
modify the original design or scope of work throughout construction. Likewise, aligning
the study findings with [73-76], the fluctuation in the price of building materials, the
high cost of building materials, payment challenges, and materials shortage have negative
consequences on the final construction sum. Hatoum et al. [12], also agree that changes
in design, and fluctuations in prices of raw materials were significant problems in HEB
projects. As indicated in the study findings, inaccuracies estimated during the pre-contract
stage led to the acceptance of meager bidding rates, which often led to misinformation
about construction project funding and constituted a significant source of cost overruns
for clients and contractors [66]. Hence, standardizing contract requirements in delivering
educational buildings is essential in attracting qualified contractors to reduce excessive
change orders. Furthermore, contract requirements in providing educational buildings will
also help solve the escalation of the final contract sum.

Component 5: Non-prioritized automation integration in HEB delivery.

The fifth component was named non-prioritized automation integration in HEB de-
livery based on the five loading variables in this component. The variables include the
project team’s lack of technical competency (87%), continuous cycle of payment failure
(81%), lack of automation integration (80%), variation order (79%), and insufficient time for
estimation (75%). This factor amounted to 5.963% of the total variance, directly influencing
the application of cost-reduction techniques in educational building delivery in Nigeria.
The non-prioritized automation integration gives room for excessive foul play from the
design phase to the delivery phase in the delivery of educational buildings in Nigeria.
In Refs. [25-27], the authors mentioned various automation technologies that can be em-
ployed in the construction industry throughout the project’s lifecycle to improve delivery.
However, [98] submits that the digital twin method offers a comprehensive and integrated
utilization of these technologies. The findings agree with [20,82], who maintained that
barriers such as lack of automation integration in the construction process of delivery
educational buildings are attributed to barriers influencing the adoption of cost-reduction
techniques in Nigeria. In addition, this study’s findings align with [67] that the continuous
cycle of payment failure, uncertainties surrounding payment for work performed, and
lack of enforcement of contract provisions by all parties significantly affect the adoption
of cost-reduction techniques in Nigerian HEB delivery. Furthermore, Alsuliman et al. [71]
further establishes that barriers to applying cost-reduction techniques in educational build-
ing delivery could be attributed to high construction changes and change orders to modify
the original design or scope of work throughout construction. Therefore, delivering ed-
ucational buildings using cost-reduction techniques will require prioritizing automation
integration in all processes.
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Component 6: Deficiencies in contract documents and costing.

The two variables in the sixth component have the least loading factors, with 3.490%
of the variance explained. Deficiencies in cost estimates prepared by public agencies (92%)
and contractors lacking experience in project type (92%). Deficiencies in contract documents
and costing prepared by public agencies often affect cost control in educational building
projects. This is in line with the findings of [51], who noted that deficiencies in contract
documents in contract documentation affect delivery. Also, the findings support [62,63]
submission on barriers to applying cost-reduction techniques in HEB delivery due to the
project team’s lack of technical competency.

5. Conclusions and Recommendations

This study examines barriers to applying cost-reduction techniques in educational
buildings in southwestern Nigeria. A quantitative questionnaire was designed to explore
the barriers to applying cost-reduction techniques in educational buildings, and a pur-
posive sampling method was used to identify and select participating stakeholders in
educational building delivery in southwestern Nigeria from 2012 to 2022. A Kruskal-Wallis
non-parametric test compares the construction shareholders” perspectives, indicating a
significant difference in about 18 out of the 31 identified barriers to the application of
cost-reduction techniques. The barriers included HEIs management lack of support and
commitment, excessive design errors, disputes from enforcement of contract provisions,
HEI's management lack of control, fixed price imposition for contracts exceeding one
year, lack of communication among parties, non-adherence to professionalism and ethical
practice, lack of communication among parties, ambiguity in contract documentation, and
influence of the political party in power in governance, cash inflow problems, utilization
of poor procurement strategies, stakeholders’ corrupt practices, materials shortage, high
construction claims, continuous cycle of payment failure, variation order, high construction
changes on HEBs projects, and unrealistic contract requirements and duration. Likewise,
the factors identified by the exploratory factor analysis explained the barriers to applying
cost-reduction techniques in educational buildings in six components as follows: ambiguity
in HEB contracts awards and project executions, lack of control from the HEIs management
over HEB project delivery, perceived political influence in HEB procurement, unrealistic
contract requirements and change orders, non-prioritized automation integration in HEB
delivery, and deficiencies in contract documents and costing. The six components obtained
from the study EFA findings on the 31 identified barriers are consistently supported by
a theoretical review of barriers to the application of cost-reduction techniques in higher
education building delivery in southwestern Nigeria. Therefore, the management of HEIs
and construction stakeholders involved in the construction of the educational buildings
industry must understand the barriers associated with deficiencies in cost estimates pre-
pared by public agencies, contractors lacking experience in project type, excessive design
errors, contractors’ incorrect planning and scheduling, and disputes from enforcement of
contract provisions.

The findings from this study provide theoretical and practical implications supporting
the knowledge gaps of cost-reduction techniques application in educational building deliv-
ery. Empirically, this study established barriers to cost-reduction techniques in educational
building delivery in six components in HEIs. Theoretically, the study findings further
advance knowledge and provide additional literature on the barriers to cost-reduction
techniques in educational building delivery, as indicated in the six components obtained
from the EFA. Additionally, the practical implication of the study findings could provide a
relevant understanding of barriers to cost-reduction techniques in educational building
delivery to solve the problems of project cost and time overrun, project abandonment, and
delay in HEIs. These six identified components from the EFA could assist policymakers,
construction stakeholders, and management in higher education institutions in developing
strategies to bridge the gaps in infrastructure facilities” demand delivered via government
intervention, private donors, and internally generated revenue (IGR).



Buildings 2024, 14, 2551 18 of 22

In conclusion, this study identified barriers to the application of cost-reduction tech-
niques among construction stakeholders to understand improvement strategies for de-
livering educational building projects within the estimated budget and schedule. It will
also accelerate the efforts of government funds, private donors, and internally generated
revenue (IGR) to improve infrastructure facilities” demand of Nigerian HEIs. This study
recommends that the six identified components explaining barriers to the application of
cost-reduction techniques will encourage stakeholders to improve educational building
delivered via government intervention, private donors, and internally generated revenue
(IGR). Similarly, the study recommends various strategies for applying cost-reduction
techniques in educational building projects, such as establishing a project monitoring
team involving independent consultants from project inception to reduce excessive errors,
practices of assigning contracts to the lowest bidder, and excessive claims for variation
orders that escalate the project’s final sum. The findings of this study are limited to selected
participating construction stakeholders in educational building delivery in southwestern
Nigeria from 2012 to 2022, which enhances the generalization of the study findings for
HEIs in Nigeria. However, it is essential to establish that the participating construction
stakeholders in this study fairly represent key stakeholders in the Nigerian construction
industry. Hence, further study is recommended to explore a larger population involving
professionals in the construction industry to assess the impact of cost-reduction techniques
on project performance.
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