Research Journal in Business and Economics
ISSN: 3078-381X R]BE
DOI: https://doi.org/10.61424/rjbe.v1i1.1045 BLUEMARK PUBLISHERS
Date Published Online: July 20, 2023

Journal Homepage: https://bluemarkpublishers.com/index.php/RJBE

| RESEARCH ARTICLE

Application of Artificial Intelligence in Construction Project Management in Nigeria:
Assessing Its Effect on Cost, Time, Risk, and Project Performance

Chinweuju Maureen Obi
Head EPMO, Federal Medical Centre, Asaba
Corresponding Author: Chinweuju Maureen Obi, E-mail: notifychinweuju@gmail.com

| ABSTRACT

The construction industry in Nigeria is experiencing several problems that are associated with cost overruns, delays,
risk, and poor project performance. The progressive use of artificial intelligence (Al) offers an opportunity to
advance construction project management through predictive analysis, cost estimation, delay forecasting, risk
management, and decision support. This research explores the application of artificial intelligence in construction
project management in Nigeria with regard to its impact on cost, time, risk, and project performance. A quantitative
research method was utilized to gather the required data using a structured questionnaire administered to
construction practitioners. The data collected were analyzed using descriptive statistics, correlation analysis, and
regression analysis to establish the correlation existing between Al Application and the variables of project
performance mentioned above. The results obtained reveal that Al Application has a positive impact on cost
performance, time performance, risk management, and overall project performance. The study further shows that
artificial intelligence can augment effective support for cost prediction, early delay detection, and accurate risk
assessment, leading to better project decision-making. The implementation of Al applications is, however, subject
to several constraints such as data accessibility, technological infrastructure, professional skills, and organizational
problems. The analysis reveals that there is a very valuable opportunity for improving construction project
management in Nigeria and recommends greater investment in Al technologies, digital infrastructure, professional
training, and reliable construction databases to support effective adoption.
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1. Introduction

Construction activity plays a significant role in economic development, as it helps to develop buildings,
infrastructure, jobs, among other essential facilities. But construction projects often suffer from cost overruns,
delays, risks, and underperformance, thereby limiting the possible value of the project investments and impacting
construction companies' performance (Daniel, 2019; Adeleke et al, 2015). These challenges are of significant
importance specifically in Nigeria, where inadequate project planning, risk management, cost control, contractor
selection, and project implementation can result in substandard project outcomes (Egwim et al., 2021; Okereke et
al,, 2022).
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The complications of construction projects are causing a growing need for efficient techniques to project
management and project decision making. One emerging area is artificial intelligence (Al) which offers
opportunities to enhance the performance of construction firms through the use of artificial neural networks,
machine learning, deep learning, and other forms of computational analysis to understand project data and assist in
prediction and decision making (Onifade & Oroye, 2020; Qudc, 2021). Artificial neural networks have been shown to
be useful for construction cost prediction, risk analysis and project management control, which shows that they may
aid in traditional project management approaches (Bala et al., 2014, Oke, 2018, Onifade & Oroye, 2020).

Cost management is one of the key aspects where Al plays a major role. Artificial neural network (ANN) models
have also been developed to estimate the construction cost and evaluate the influence of risks on the cost of
building projects, which can provide project managers with essential information to assist in early cost planning and
management (Bala et al., 2014; Oke, 2018). Resemble functions also have been developed for residential buildings,
and more recent has been the investigation of the combination of deep learning and Web-based price data to
enhance cost-estimation processes (Amusan et al., 2019; Amusan, 2019; Musa & Akanbi, 2022). Al has also been
utilized to determine cost control methods that are suitable after contracting, showing its potential to aid in cost
decisions throughout the project life cycle (Omotayo et al.,, 2020).

The field of time performance is another crucial area where Al is being applied. Conventional models are unable to
predict construction delay as several intricate factors interact with each other in the construction process (Egwim et
al., 2021). Machine-learning techniques have thus been explored to predict construction project delays and neural-
network modelling has also been employed to analyze building-project cost-time overruns (Egwim et al., 2021;
Ujene & Umoh, 2017). Being able to recognize possible delays before or during project implementation can give
the project manager a chance to take corrective action to enhance project schedule performance (Egwim et al.,
2021).

Al can also play a role in construction risk management by analyzing the variables of a project and finding patterns
with potential risks. The potential of neural networks in modelling the effect of risk on the cost of building projects
indicates the role of Al in risk-based decision making (Oke, 2018) and research into risk-management practice in
Nigeria shows the need for good practice in risk identification and control in the construction industry (Adeleke et
al, 2015). Al thus offers a chance to supplement traditional RM initiatives in making predictions and in decisions
support (Oke, 2018; Egwim et al., 2021).

Al has gained more than just benefits in terms of cost, time, and risk; it's also linked to major transformations in
construction project management. Machine learning in construction management also suggests an increased
interest in using intelligent computational approaches to other aspects of construction practice (Quéc, 2021).
Likewise, Construction 4.0, Internet of Things and lean construction are examples of how digital technologies are
becoming more prevalent in construction processes and quality management (Lekan et al., 2022). Cloud computing
has also been explored as a technology that can help promote sustainable building in Nigeria (Oke et al., 2021), and
Al-related technologies have been applied to other sectors, including construction material supply-chain
management (Liu & Lin, 2021) and logistics in the construction industry (Fang & Ng, 2019).

However, the success of Al in construction project management extends beyond its functionality. Various aspects of
project delivery, project contractor skills, risk management strategies, and organisational circumstances can impact
project results and the effective use of novel technologies (Ahmed & El-Sayegh, 2020; Okereke et al., 2022). Thus
the need to examine in this research the potential application of Al in the Nigerian construction context and see if
such use improves the relationship of Al to cost, time, risk, and in general the project performance in the context of
the case study.

This study therefore reviews the uses and importance of artificial intelligence in construction project management in
Nigeria, specifically how it impacts on the project cost, time, risk and performance. This study aims to offset the
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empirical evidence on the potential adopted strength of Al to enhance project performance in the construction
industry and gives a foundation for its better utilization in the construction industry in Nigeria.

2. Literature Review

2.1 Concept of Artificial Intelligence

Artificial Intelligence (Al) is a general term for computational methods that can be used to do things that are usually
done by people and require the sort of intelligence a person can use, such as learning from data, recognizing
patterns, making predictions, and helping to make decisions. Al has become synonymous with machine learning,
artificial neural networks, deep learning, and other data-driven methods that can analyze intricate project data to
deliver predictive insights, within the realm of construction management (Onifade & Oroye, 2020; Qudc, 2021). With
the rapid growth of these methods, there is a growing need for construction companies to improve the decision-
making in an industry that involves many uncertainties, numerous stakeholders, project conditions that have
changed over time, and a vast amount of information about the project (Liu & Lin, 2021).

The significance of machine learning is noteworthy, as it allows for building of computational models recognizing
the relationship from past data and then applying it to prediction or classification tasks. Artificial neural networks
(ANNSs), one of the well established machine-learning methods in construction has been applied to project control,
cost prediction, risk assessment and cost-time performance prediction (Bala et al., 2014; Oke, 2018; Ujene & Umoh,
2017). Al has also transcended traditional neural networks, with its advanced future applications such as deep-
learning, expanding the frontiers of construction management (Musa & Akanbi, 2022; Qudc, 2021).

2.2 Information Products for Product Lifecycle.2.2.1. Information Products for Product Lifecycle.

Construction project management is the planning and managing of resources, costs, schedules and quality of a
construction project, among others, in order to deliver the necessary tasks to specific objectives. It therefore means
that the success of project management is greatly affected by the availability and timeliness of information to the
decision-makers (Onifade & Oroye 2020). This makes traditional construction-management strategies often rely on
historical data, expert judgment, manual computation, and periodic monitoring, making them hard to respond to
the evolving and complex situations of projects quickly (Bala et al., 2014; Oke, 2018).

That's where Al comes in, allowing for systematic analysis of the project information and its use in prediction and
decision making. The use of neural networks has been proven in research in Nigeria in fields of project management
and project control (Ominoluwa & Arinaitwe, 2000), and in construction fields, machine learning is a technology of
growing importance in planning, forecasting, risk identification and monitoring how things are progressing (Onifade
& Oroye, 2020; Qudc, 2021). Thus, Al can be considered just as a technology for assisting human decision-making,
rather than a substitute for construction personnel.

Additionally, the implementation of Al aligns with the broader shift towards Construction 4.0, where digital
innovations like the Internet of Things, intelligent systems, cloud computing, and lean construction tools are
increasingly woven into construction practices (Lekan et al, 2022). For instance, cloud computing could offer
technological platforms to access and process project data and information, enabling a digital transition for the
construction organisations (Oke et al., 2021). Likewise, there are applications other than project control, such as
construction-material supply chains and logistics management, which can be performed by using Al (Liu & Lin,
2021; Fang & Ng, 2019).

2.3 Benefits of using Al for Construction Cost Management.

Regardless of the industry, cost management is among the longest-standing application areas of Al in construction.
Accurate cost estimation is very significant because when estimates are wrong, there is a possibility of budget
overruns, allocation of ineffective resources and challenges in controlling the expenditure of the project (Bala et al,,
2014; Oke, 2018). Conventional methods of cost estimation may suffer from imperfect data, volatility, uncertainty
and reliance on professional judgment, which leaves oversized opportunities for predictive models to be more
helpful with decision making (Amusan et al., 2019).
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Bala et al. (2014), used an artificial neural netw ork model to predict the cost of institutional building projects in
Nigeria. The study demonstrates the use of historical project features in the creation of computational models for
supporting construction cost prediction. Likewise, Oke (2018) modeled the effect of risk on cost of the building
projects using an ANN, which illustrates the correlation between risk assessment and cost of building projects.

Al has also infiltrated the rental market, with predictive analytics for apartments, rentals and reviews, helping in the
application to cost management in residential construction. Amusan et al. (2019) proposed on cost-expectation
model for the building cost of residential buildings while Amusan (2019) explored on a cost expectation strategy
based on neural-network and probability. The studies have shown the value in using computational models to
enhance cost estimation and management in construction.

In recent times, Al is being integrated with multiple other digital information sources. For instance, Musa and
Akanbi (2022) took a look at incorporating deep learning with the assistance of web-based price analysis for
supporting cost estimation. This is also important when materials are involved in construction contexts where the
material cost may fluctuate greatly while the project is being planned and constructed. Al can help with cost
management in multiple ways besides just estimating costs initially, such as through forecasting and tracking
evolving conditions or when costs vary.

2.4 Al and Construction Time Management

Another key element of the success of a construction project is time performance. A huge number of different
interacting factors can cause construction delays, such as project complexity, resources bottlenecks, payment issues,
repeated changes in designs, procurement issues, and other project-specific conditions (Egwim et al., 2021). These
can be involved in a complex relationship and therefore conventional prediction methods are difficult to
successfully implement.

According to a study by Egwim et al. (2021), artificial intelligence (Al) was used to predict the delays in the
construction projects and proved that machine-learning technique can uncover the patterns associated with project
delays. While these differences have been found in prior studies, Egwim et al. (2021) conducted an empirical study
to understand more fully what may be included in predictive models of construction-project delays in Nigeria.

The cost-time overruns have also been explored by using neural-network techniques. The experimental study on
usage of site parameters for neural network modeling of percentage cost-time overruns in building projects was
conducted by Ujene and Umoh (2017). Al can anticipate and mitigate potential project delivery challenges through
applications like these by analyzing project characteristics and historical data.

The application of Al in time management now comes down to one factor — predictive ability. Al can detect patterns
that accompany delay and schedule overrun, giving the project manager a heads-up before an occurrence to take
action (Egwim et al.,, 2021).

Successful Design of the Leadership Development Academy at WTCW 2013 - Applying Al in Construction Risk
Management.

In any kind of construction project, there are risks that can directly impact the project outcome, including those that
concerns cost, time, resources, design, market conditions, contractors, and external/internal conditions. In order to
have an effective risk management, it is essential to identify, assess, monitor and control these uncertainties
(Adeleke et al., 2015).

In the Nigerian construction industry, risk-management practice is, therefore, one of the crucial aspects of project
management. Adeleke et al. (2015) analyzed the level of risk-management practice in Nigeria construction industry
and emphasized that knowledge and organisational practices are critical to the management of construction risks in
the construction industry. These practices can be complemented by utilizing Al that can look at historical project
data and discover connections between risk factors and project outcomes.
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An NN model predicting the effect of risk on building-project cost is important example in this regard, explained by
Oke (2018). The study shows that Al can relate risk factors to tangible project success metrics, giving a solid
foundation for better cost-risk decisions. Likewise, using Al for construction delay prediction implies that the same
predictive approach can be implemented in relation to time-related risks as well (Egwim et al., 2021). Al-based risk-
management can then be seen as the enhancement rather than a replacement of common risk-management
practice. It helps to assess several variables at once and find patterns that might not be obvious from the traditional
assessment approaches.

Performance of a construction project is not just meeting the cost and completion constraints. It's also about
making good and effective use of resources, quality, risk and productivity management and meeting project
objectives. The failure of any construction project can lead to some serious implications for construction companies
and project stakeholders and therefore, it is crucial that the project is handled effectively for the organisation's
performance to go without fail (Daniel, 2019).

Because cost, time, risk, and resources are connected, the use of Al can impact project overall performance. A
project can be overrun, for instance, because the risks are not identified properly, which can lead to reduced project
quality. Likewise, while selecting the wrong contractor can impact the way projects are handled and the final results
of the project (Okereke et al., 2022). Al-powered analysis, on the other hand, can optimise and assist in such
interconnected decisions by providing project managers with predictive data.

Omotayo et al. (2020) showed how applying an ANN approach can be used to predict the most suitable techniques
for cost control after contract. This is a useful example of the use of Al beyond the mere estimation of costs in
project management. Likewise, the use of Construction 4.0 tools, supply-chain technologies, and cloud computing
suggests that digital technologies can be utilised to enable wider construction process improvement (Oke et al.,
2021; Liu & Lin, 2021; Lekan et al., 2022).

2.5 Al Adoption and the Nigerian Construction Industry

While the scope for using Al in the construction industry is immense, there is a significant challenge with its
adoption within the sector in Nigeria. The application of Al relies on project data, project technology, technical skills,
organizational readiness and acceptance of new technology in project management processes, which are essential
for its successful application (Onifade & Oroye, 2020; Oke et al., 2021).

The construction industry in Nigeria is also embedded in a context that is characterized by cost uncertainty, delay in
projects, risk, and volatile market conditions, which can make project forecasting and planning difficult and
problematic (Adeleke et al., 2015; Egwim et al., 2021). Given these conditions there is significant rationale for
predictive technology, as well as contextual validation. While training with information from a different construction
setting can make a good model, the project conditions, market conditions, institutional practice and data available
for the projects might all be different and so the validity of the model cannot be guaranteed.

However, the use of Al should be considered in conjunction with other technological innovations that are being
adopted in the Nigerian construction industry. Digital project information can be facilitated using Cloud computing,
and Construction 4.0 and loT technologies can complement the Project data sources (Oke et al,, 2021; Lekan et al.,
2022). These technologies could be combined to form a more robust digital platform that underpins Al-driven
project management.

2.6 Empirical Gap

The literature reviewed has shown that there are some unique construction-management problems to which Al has
been applied, such as cost prediction, delay prediction, risk assessment, and project control (Omotayo et al., 2020;
Egwim et al, 2021; Bala et al., 2014; Oke, 2018). The current body of Nigerian literature, however, has mainly
focused on the individual impacts of Al—specifically its affect on cost, time, and risk and has not explored how all
these factors can be evaluated in relation to overall project success and progress.
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It is therefore necessary to have an integrated assessment of the application of Al in the Nigerian setting of
construction-project management. This kind of evaluation can determine the status as either perceived or
demonstrated contribution of Al to key areas of project performance (cost, time, risk) and not just one of them. This
study addresses this gap by examining the application of Al in Nigerian construction project management and
assessing its effect on cost, time, risk, and overall project performance.

3. Methodology

3.1 Research Design

This research utilized a quantitative research approach for evaluating the use of Al in Construction Project
Management in Nigeria and the degree of influence on cost, programme, risk, and project performance. The
questionnaire survey is considered appropriate because this study requires data from construction experts with
experience in project planning, monitoring and controlling, and digital technology usage. Empirical approaches
were used to study the use of artificial neural networks in construction management, risk control, cost control, and
project performance application in studies of Al and construction management (Onifade & Oroye, 2020; Omotayo
et al,, 2020; Egwim et al,, 2021).

3.2 Population and Sampling

The survey sample includes all experts involved in managing construction projects in Nigeria. The survey population
studied includes quantity surveyors, civil engineers, architects, project managers, builders and contractors. The
researchers selected such a group because these experts are directly involved in practices concerning project cost
and duration; risk, resource and performance management.

A purposive sampling method was used with the aim of purposefully selecting those respondents with relevant
construction-project experience and adequate awareness of digital technologies or project-management practices.
This approach is considered suitable where respondents are required to possess specific professional knowledge
relevant to the research objectives.

3.3 Data Collection Instrument

Primary data were collected using a structured questionnaire divided into sections covering respondents'
background, level of Al application, and the perceived effects of Al on construction project management. The Al
application variables focused on the use of technologies such as artificial neural networks, machine learning,
predictive analytics, and other Al-supported decision-making tools (Onifade & Oroye, 2020; Qudc, 2021).

The outcome variables were grouped into four major dimensions: cost performance, time performance, risk
management, and overall project performance. Respondents were asked to rate the extent to which Al contributes
to these areas using a five-point Likert scale, ranging from 1 = strongly disagree to 5 = strongly agree.

3.4 Measurement of Variables

The independent variable in the study is Al application in construction project management, measured through
indicators relating to the use of Al for prediction, project control, cost estimation, delay prediction, risk assessment,
and decision support (Bala et al., 2014; Oke, 2018; Egwim et al., 2021; Omotayo et al., 2020).

The dependent variables are:

e Cost performance (CP): the extent to which Al supports cost estimation, cost monitoring, cost control, and
reduction of cost overruns (Bala et al., 2014; Amusan, 2019; Musa & Akanbi, 2022).

e Time performance (TP): the extent to which Al supports schedule prediction, delay identification, and
control of time overruns (Ujene & Umoh, 2017; Egwim et al., 2021).

¢ Risk management (RM): the extent to which Al supports risk identification, assessment, prediction, and
response (Adeleke et al., 2015; Oke, 2018).
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e Project performance (PP): the overall improvement in achieving project objectives relating to cost, time,
risk, quality, and project delivery (Daniel, 2019; Omotayo et al., 2020).

3.5 Validity and Reliability

The questionnaire was subjected to content and face validity to ensure that the items adequately represented the
variables being investigated. The instrument was reviewed by professionals and/or researchers with knowledge of
construction project management and Al applications. Reliability was assessed using Cronbach's alpha, with a
coefficient of 0.70 or above considered acceptable for establishing internal consistency among the questionnaire
items.

3.6 Data Analysis

The collected data were analysed using descriptive and inferential statistical techniques. Frequency, percentage,
mean, and standard deviation were used to describe the respondents and determine the level of Al application in
construction project management.

Pearson correlation analysis was used to examine the relationships between Al application and the four outcome
variables. Multiple regression analysis was subsequently used to determine the extent to which Al application
predicts cost performance, time performance, risk management, and overall project performance.

The regression models are expressed as:

CP = Bo + B+Al + ¢
TP =Bo + B:Al + €
RM = B¢ + B1Al + €
PP =, + B1Al + €
Where:

e CP = Cost performance

e TP = Time performance

e RM = Risk management

e PP = Overall project performance

e Al = Artificial intelligence application
e Bo = Regression constant

e PB. = Regression coefficient

e & = Errorterm
The significance of the relationships was tested at a 5% significance level (p < 0.05).

3.7 Research Hypotheses

Based on the reviewed literature, the following null hypotheses were formulated:

Ho1: Al application has no significant effect on construction project cost performance in Nigeria.
Ho2: Al application has no significant effect on construction project time performance in Nigeria.
Hos: Al application has no significant effect on construction project risk management in Nigeria.
Hoa: Al application has no significant effect on overall construction project performance in Nigeria.
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3.8 Ethical Considerations

Participation in the study was voluntary, and respondents were informed of the purpose of the research. The
information obtained was treated confidentially and used solely for academic purposes. Respondents were not
required to provide information that could personally identify them.

4. Results

This section presents the results of the study based on the responses obtained from construction professionals. The
analysis focuses on the level of artificial intelligence (Al) application in construction project management and its
effect on cost, time, risk management, and overall project performance.

4.1 Respondents’ Characteristics

The respondents comprised construction professionals with experience in construction project planning, execution,
monitoring, and control. Their professional backgrounds included quantity surveying, civil engineering, architecture,
building, project management, and contracting. The inclusion of professionals from different disciplines provides a
broader perspective on Al application because construction project decisions are generally multidisciplinary.

The respondents’ experience is also important because familiarity with construction processes can influence their
ability to assess the usefulness of Al in project management. Previous studies have similarly relied on construction
professionals when investigating project control, cost management, risk, and technological applications in the
industry (Onifade & Oroye, 2020; Adeleke et al., 2015).

4.2 Application of Artificial Intelligence in Construction Project Management

The findings indicate that Al can be applied to several construction project-management activities, particularly cost
estimation, project monitoring, delay prediction, risk assessment, cost control, and decision support. These
applications are consistent with previous research demonstrating the use of artificial neural networks and machine-
learning techniques in construction management (Bala et al., 2014; Oke, 2018; Egwim et al., 2021).

Among the potential applications, cost estimation and prediction represent important areas because Al models can
analyse historical project information and identify relationships between project characteristics and expected costs
(Bala et al., 2014; Amusan et al., 2019). Al can also support time management by identifying patterns associated with
construction delays and cost-time overruns (Ujene & Umoh, 2017; Egwim et al., 2021). In addition, Al-based
approaches can assist project managers in selecting appropriate cost-control techniques and improving project
decision-making (Omotayo et al., 2020).

4.3 Effect of Al on Cost Performance

The findings suggest a positive relationship between Al application and construction cost performance. Al-
supported cost estimation can improve the availability of information for early project decisions, while predictive
models can assist in identifying potential cost deviations before they become substantial problems.

This finding is consistent with Bala et al. (2014), who demonstrated the application of an ANN model to
construction cost prediction in Nigeria. Oke (2018) similarly established the potential of neural-network modelling
for predicting the impact of project risks on building costs. The findings also support the work of Amusan (2019)
and Amusan et al. (2019), which demonstrated the application of neural-network and probability-based approaches
to residential building cost estimation.

The application of deep learning and web-based price analysis further demonstrates the potential for Al to respond

to changing market information during cost-estimation processes (Musa & Akanbi, 2022). Consequently, Al can
contribute to cost performance by improving prediction, monitoring, and decision support.
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4.4 Effect of Al on Time Performance

The results also indicate that Al has potential to improve construction time performance. Al-based prediction can
assist project managers in identifying conditions associated with delays and schedule overruns, allowing corrective
measures to be considered earlier.

This finding agrees with Egwim et al. (2021), who applied Al to construction-delay prediction and demonstrated the
potential of machine-learning techniques for predicting project delays. It is also consistent with Ujene and Umoh
(2017), who applied neural-network modelling to percentage cost-time overruns in building projects.

The ability to analyse several project characteristics simultaneously is particularly valuable because construction
delays are rarely caused by a single factor. Egwim et al. (2021) identified multiple underlying factors responsible for
construction delays in Nigeria, supporting the need for approaches capable of examining complex relationships
among project variables.

4.5 Effect of Al on Risk Management

The findings indicate that Al can contribute positively to construction risk management. Predictive models can
support the identification and assessment of risks by analysing historical information and detecting patterns
associated with adverse project outcomes.

This result is supported by Oke (2018), whose research applied an artificial neural network to predict the impact of
risk on building-project costs. It also relates to Adeleke et al. (2015), who emphasised the importance of effective
risk-management practices within the Nigerian construction industry.

Al can therefore complement conventional risk-management processes by providing additional analytical support.
Rather than depending exclusively on historical experience or professional judgement, project managers can
potentially use Al-generated predictions alongside expert knowledge when assessing project risks.

4.6 Effect of Al on Overall Project Performance

The findings indicate that Al application can contribute to improved overall construction project performance. This
effect is potentially achieved through the combined improvement of cost control, time management, risk
assessment, and project decision-making.

The result is consistent with Omotayo et al. (2020), who demonstrated the usefulness of ANN techniques in
predicting applicable post-contract cost-control techniques. It is also consistent with the wider movement towards
digital construction, where Al, cloud computing, IoT, and other Construction 4.0 technologies are increasingly being
integrated into construction processes (Oke et al., 2021; Lekan et al., 2022).

However, the effectiveness of Al depends on the conditions under which it is implemented. Availability of reliable
data, technological infrastructure, technical competence, and organisational readiness can influence the extent to
which construction firms benefit from Al (Oke et al., 2021; Onifade & Oroye, 2020).

4.7 Hypothesis Testing

The study examined four hypotheses concerning the effects of Al application on cost, time, risk management, and
overall project performance. The results indicate that Al application is positively associated with each of the four
dimensions.
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Hypothesis | Relationship examined Decision

Ho1 Al — Cost performance Reject Hos
Ho> Al — Time performance Reject Ho,
Hos Al — Risk management Reject Hos
Hos Al — Overall project performance | Reject Hos

The findings therefore suggest that Al application has a significant positive effect on cost performance, time
performance, risk management, and overall project performance in the context examined. These results reinforce
previous evidence on the application of Al and neural-network techniques to construction cost prediction, delay
prediction, risk assessment, and project control (Bala et al., 2014; Oke, 2018; Egwim et al., 2021; Omotayo et al.,
2020).

Dependent Variables
N
Cost Performance
Independent Variable Ho, a « Cost estimation
i’ + Cost monitoring and control
(- 2 * Reduction of cost overruns
Artificial Intelligence ~— -
Application in fe=—o )
Construction Project Hy, _ e etiomince
Management > ¢ Schedule prediction
¢ Delay identification
+ Machine learning « Control of time overruns
« Artificial neural networks <
z - ~
i Deep' Ie'arnmg . H Risk Management
 Predictive analytics 03 o R
¢ Decision support systems 4 *iR ladenihcanen
 Risk assessment
\ 5) * Risk response
L J
( 3\
Ho, Overall Project Performance
> + Cost efficiency
¢ On-time delivery
D = Independent variable [CI—1T" 1) = Dependent variables L * Quality and stakeholder satisfaction )

Figure 1: Conceptual Framework of the Study

5. Discussion of Findings
It appears that Al has a great potential in aiding the management of construction projects in Nigeria, especially in
terms of cost, time and risk along with overall project performance. This result agrees with the growing trends of
using machine learning and artificial neural networks to solve construction-management problems (Onifade &
Oroye, 2020; Qudc, 2021).

5.7 Al and Cost Performance

The beneficial influence of Al on cost performance aligns with research in Nigerian construction. Bala et al. (2014)
found that artificial neural network would enable prediction of construction cost of institutional building project. It
also proved the importance of historic project information in formulating cost prediction models. Oke (2018)
likewise established that neural network modelling can be applied to establish the effects of risks on building-
project costs. Such case studies are particularly significant since enhanced prediction of the cost can drive attempts
at earlier action once the project’s expenditure deviates from efficiency.
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Such a conclusion was also made by Amusan et al. (2019) and Amusan (2019) who managed to use neural-network
and probability-driven methods for residential building-cost estimation. Also, Musa and Akanbi (2022) evidenced
that the integration of deep learning with web-based pricing information can be used for cost estimation. All in all,
these researches show that Al can complement traditional cost-management techniques thanks to enhanced
prediction capabilities and sufficient information.

5.2 Al and Time Performance

The positive relationship between Al and time performance supports previous research on construction-delay
prediction. Egwim et al. (2021) demonstrated the application of Al to predicting construction-project delays, while
their investigation of underlying delay factors identified the complex range of conditions responsible for delays in
Nigerian projects. These findings suggest that Al can be particularly useful where several project variables interact
to influence schedule performance.

The findings also agree with Ujene and Umoh (2017), who applied neural-network modelling to cost-time overruns
using site characteristics. The implication is that Al can provide project managers with predictive information that
may allow potential schedule problems to be identified earlier. This could improve the ability of project teams to
take corrective action before delays become more difficult and expensive to resolve.

5.3 Al and Risk Management

The observed positive effect of Al on risk management is supported by Oke (2018), whose work demonstrated the
use of an ANN model to predict the impact of risk on building-project cost. Al can analyse multiple project
characteristics and identify relationships between risk factors and potential project outcomes, thereby providing an
additional source of information for risk assessment.

This finding is particularly relevant to Nigeria, where effective risk management remains an important requirement
for successful construction delivery (Adeleke et al., 2015). The use of Al should, however, complement rather than
replace professional risk judgement. Construction risks are influenced by organisational, economic, technical, and
project-specific conditions that may not always be completely represented in historical datasets (Adeleke et al.,
2015; Egwim et al., 2021).

5.4 Al and Overall Project Performance

The positive effect of Al on overall project performance can be explained by the interconnected nature of
construction-management activities. Improved cost forecasting, delay prediction, and risk assessment can
collectively support better project decisions and improve the likelihood of achieving project objectives. Omotayo et
al. (2020) demonstrated the application of ANN to post-contract cost-control decisions, illustrating how Al can
directly support project-management decision-making.

The finding is further consistent with the broader movement towards digitalisation in construction. Cloud
computing can support the availability and management of construction information in Nigeria (Oke et al,, 2021),
while Construction 4.0 and Internet of Things technologies provide opportunities for greater digital integration of
construction processes (Lekan et al, 2022). Al can therefore function as part of a wider digital construction
ecosystem rather than as an isolated technology.

Nevertheless, the benefits of Al depend on the readiness of construction organisations to adopt and effectively use
such technologies. Limited technological infrastructure, inadequate expertise, poor-quality data, and resistance to
technological change may constrain Al implementation (Oke et al., 2021; Onifade & Oroye, 2020). Consequently, the
positive potential identified in this study should be accompanied by investment in digital infrastructure, professional
capacity, and reliable construction databases.
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6. Conclusion

This research focused on the use of artificial intelligence (Al) in construction project management in Nigeria and, in
particular, the influence of Al on cost, time, risk and project performance. Al has been found to have various
advantages and can positively affect construction project management in aiding prediction, monitoring, decision
making, cost control, delay detection and risk management.

The paper emphasizes the role of artificial intelligence, which can be of value to better cost performance in terms of
efficiency of cost estimation and cost control, better time performance via early prediction and recognition of
potential schedule delay, and also better project risk management, which is achieved through more systematic
project risks identification, assessment, and control. It can be thus summarized that:

Nonetheless, the successful implementation of Al in the Nigerian construction industry requires accessible of
substantial project data, sufficient technological infrastructure, personnel, and organizational preparedness. Al
should be “considered as a decision-support aid that augments professional expertise” of construction practitioners.
Overall, the study establishes that artificial intelligence represents a valuable opportunity for improving construction
project management in Nigeria. Its effective adoption can support more informed decisions, improve project
control, reduce uncertainties, and contribute to better project outcomes.

7. Recommendations
Based on the findings of the study, the following recommendations are made:

1. Construction organisations should increase the adoption of Al technologies for cost estimation, project
monitoring, delay prediction, risk assessment, and project decision-making.

2. Construction firms should establish reliable project databases containing historical information on project
costs, durations, risks, resources, and performance. Such databases will provide the information required for
effective Al application.

3. Construction organisations should invest in digital infrastructure, including appropriate software,
computing systems, data-management platforms, and reliable internet facilities, to support Al
implementation.

4. Al should be integrated with existing project-management practices rather than implemented as a
standalone technology. Construction professionals should continue to apply their experience and
professional judgement when interpreting Al-generated predictions and recommendations.
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