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ABSTRACT

Recreational centers play a vital role in promoting physical fitness, social interaction, economic
development, and community well-being. However, many of these facilities experience persistent
operational inefficiencies due to poor maintenance culture, inadequate funding, aging
infrastructure, and reliance on corrective or reactive maintenance strategies. These challenges
often result in equipment breakdowns, safety risks, reduced patronage, and increased
operational costs. The aim of this study is to assess the impact of predictive maintenance in
efficient managing of recreational centers in Enugu Metropolis with a view to recommend
measures for efficient management of recreational centers in the study area. The objectives of
the study are: to analyze the level of adoption of predictive maintenance techniques in
recreational centers management in Enugu Metropolis; to examine the role of predictive
maintenance in recreational center management in Enugu Metropolis; to assess the impact of
predictive maintenance on maintenance process in recreational centers in Enugu Metropolis; to
identify the challenges facing the implementation of predictive maintenance in recreational
facilities in Enugu Metropolis and to suggest measures for efficient maintenance of recreational
centers in Enugu Metropolis. The study adopted a survey research design using both primary
and secondary sources of data collection namely: structured questionnaires administered to
selected management staff and users of recreational centers in Enugu Metropolis, personal
interviews and observations. The sample size was determined through Taro Yamane’s Formula.
The analysis was conducted using descriptive statistics and inferential tools to test the stated
hypotheses. The research evaluated the level of adoption of predictive maintenance techniques,
examined its influence on operational efficiency, and determined its effect on cost reduction and
service quality in recreational facilities. The findings revealed that predictive maintenance
significantly improves facility performance by reducing downtime, preventing unexpected
equipment failures, enhancing user satisfaction, and lowering long-term maintenance costs.
However, challenges such as high initial investment costs, lack of technical expertise, inadequate
training, and limited awareness hinder its full implementation. The study found out that
predictive maintenance is a strategic and sustainable approach to facility management. It
recommended increased investment in smart monitoring technologies, staff capacity building,
improved funding mechanisms, and policy support to ensure effective maintenance management
in recreational centers within Enugu Metropolis.

Keywords: Predictive Maintenance; Facilities Performance; Maintenance Culture;
Recreational Centers.
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1. Introduction

In today’s dynamic and accelerated world, relaxation is not just a luxury but a necessity for

maintaining human welfare and overall health. The demands of modern life; work, family, and

social obligations often lead to stress, fatigue, and mental exhaustion. Relaxation provides the

body and mind with an essential break from these pressures, promoting physical recovery,

emotional balance, and mental clarity (Lazaridou and Vgontzas, 2023). Studies have shown that

consistent relaxation can reduce stress hormones, improve cardiovascular health, enhance mood,

and boost immunity (Park and Kim, 2022; khoury et al., 2021). This emphasizes its importance

as part of a healthy lifestyle.

Beyond its physical benefits, relaxation also contributes to psychological well-being by fostering

emotional regulation, improving sleep quality, and increasing resilience to stress. Individuals

who engage in regular relaxation activities, whether through meditation, exercise, leisure, or

recreation, report higher levels of happiness, creativity, and productivity (Oluwaseun, 2024). In

this way, relaxation plays a critical role in maintaining the mental and emotional health

necessary for individuals to thrive in their personal and professional lives.

Many recreational centers in Enugu are in a state of neglect, with poorly maintained facilities,

malfunctioning equipment, and insufficient management. The few available recreational centers

and parks are running down or are in their dilapidated state due to lack of maintenance culture.

Striking examples are the OMU park (a recently built park), the New Berries park, Ude Ubaka

Park, Murtala Mohammed Park, Nnamdi Azikiwe Stadium, and Enugu Zoo, all these have fallen

into neglect, encroachment, or conversion to other uses due to a weak maintenance culture.

These facilities have traditionally relied on reactive maintenance strategies that address problems

only after breakdown, leading to frequent disruptions, escalating repair costs, and eventual

abandonment. Despite the potential benefits of predictive maintenance, its implementation

remains inadequate in the state, leaving a compelling need to investigate its role in managing

recreational centers in Enugu.

The study aims to assess the impact of predictive maintenance as a strategy for managing

recreational centers in Enugu Metropolis, with a view to recommending it as an efficient

management measure. Its objectives include examining the role of predictive maintenance in
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recreational center performance and analyzing the level of adoption of predictive maintenance

techniques in the study area. It also assesses the overall impact of predictive maintenance on

facility management and identifies the challenges hindering its implementation. Finally, the

study proposes measures for achieving efficient maintenance of recreational centers in Enugu

Metropolis.

In alignment with the aim and objectives, the study tests three hypotheses : Ho1: which states that

predictive maintenance is not merely an operational improvement strategy but a statistically

significant determinant of performance outcomes in recreational centers in Enugu Metropolis;

Ho2: indicates that predictive maintenance significantly influences user satisfaction, though the

magnitude of this influence is moderate and Ho3: which establishes a strong relationship between

poor maintenance culture and facility redundancy.

This research addresses the existing gap. The research tries to answer the pertinent questions:

• What is the level of adoption of predictive maintenance techniques in recreational centers
in Enugu Metropolis?

• What roles does predictive maintenance play in the efficient performance of recreational
center management in Enugu State?

• What impacts does predictive maintenance have on the maintenance process in
recreational centers in Enugu Metropolis?

The study focuses on the impact of predictive maintenance on the management of
recreational centers — including public parks, tourist centers, sports complexes, and event
arenas — within Enugu Metropolis, covering Enugu North, Enugu East, and Enugu South
Local Government Areas. It examines how data analytics, condition monitoring, government
policy, private-sector involvement, and technologies such as IoT and AI shape maintenance
practices in these facilities.

2.0. LITERATURE REVIEW

2.1 Conceptual Review

Within the context of recreational centres, predictive maintenance plays a critical role in ensuring

that facilities such as playground equipment, lighting systems, pumps, sports surfaces, and

utilities remain functional, safe, and reliable for public use. The effectiveness of this impact

however, depends heavily on the management capacity of the organizations responsible for these

facilities. Factors such as technical expertise, financial resources, staff competency,

organizational commitment to maintenance, and the availability of technologies like IoT sensors
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and data analysis tools determine how effectively predictive maintenance can be implemented.

As Zonta, Da Costa, Rosa Righi, Lima, Trindade, and Li (2020) explain, the integration of IoT

and Industry 4.0 technologies enhances the precision and responsiveness of maintenance systems,

enabling managers to make informed decisions that support sustainability.

The conceptual framework for this study illustrates the relationship between the independent

variables, moderating variables, and the dependent variables in the context of managing

recreational centres in Enugu Metropolis. The framework indicates that predictive maintenance

plays a crucial role in the efficient management of recreational centres. However, this

relationship is not straightforward. It is influenced by several moderating variables. For instance,

despite having advanced sensors and analytics in place, inadequate funding or a lack of staff

competence may hinder the potential benefits (Kareem, 2015). Conversely, strong management

capacity and adequate funding can amplify the positive effects of predictive maintenance on

operational efficiency and user satisfaction. In the context of Enugu Metropolis, where

challenges such as unstable power and limited technical expertise exist (Ugwuanyi, 2019), these

moderators become critical to the success of predictive maintenance implementation.

2.2 Theoretical Framework

The concepts of Predictive Maintenance (PM) System present a novel approach to maintenance

optimization within facilities, addressing the critical need for sustainable, efficient management.

This introduces an integrated framework leveraging advanced predictive analytics, machine

learning algorithms, and Internet of Things (IoT) technology to enable proactive maintenance

interventions based on real-time data insights.

Predictive maintenance (PdM) is grounded in several theoretical frameworks that guide its

implementation and evolution. These theories collectively emphasize the importance of

understanding asset functions, system interactions, and organizational objectives to develop

effective maintenance programs that enhance reliability and performance. Key among these are:

Reliability-Centered Maintenance (RCM): RCM originated in the 1970s through the work of

United Airlines and the U.S. Department of Defense (Okpala et al., 2018). It focuses on

identifying and preserving the functions of assets while managing the risks associated with their

failure. RCM emphasizes the use of predictive maintenance techniques to monitor asset
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conditions and prevent failures before they occur. The approach includes five primary

maintenance strategies: predictive maintenance, preventive restoration or replacement, detective

maintenance, run-to-failure, and one-time changes to the system.

Systems Theory: Systems Theory provides a holistic view of organizations and their

components, emphasizing the interdependence and interaction of various elements within a

system. In the context of predictive maintenance, this theory underscores the importance of

understanding how different parts of an organization, such as equipment, personnel, and

processes, interact and affect each other.

Facility Management Models: Facility Management Models focus on the efficient and effective

delivery of support services, including maintenance, within an organization. These models

advocate for a proactive approach to maintenance, integrating predictive maintenance techniques

to anticipate and address potential issues before they impact operations.

The study's attempt to ground a globally established maintenance theory within a specifically

Nigerian and Enugu urban context, where infrastructural and funding conditions differ materially

from the advanced economies in which predictive maintenance is more established.

2.3 Empirical Review

Focusing on the global context, the significance of implementing a system in the realm of

infrastructure especially in eco-friendly energy infrastructure is well and truly pronounced or

highlighted to say the least. Industries ranging from the automotive and heavy-duty truck

industries to other infrastructural industries in the United States struggle with the challenge of

optimizing maintenance strategies to ensure reliability, safety, and environmental sustainability.

Traditional maintenance approaches, primarily reactive or scheduled maintenance, fall short in

addressing the complexities of modern operations. The scheduled replacement of parts,

irrespective of their actual condition, not only generates unnecessary waste but also contributes

to the depletion of natural resources. A study by the National Highway Traffic Safety

Administration (NHTSA) reveals that brake failures alone, a preventable maintenance issue,

account for 29% of accidents involving heavy-duty trucks, indicating a direct link between

maintenance practices and road safety (Liang, 2021; Jackson, 1987; Harding, Powell, Yoon,

Fikentscher, Doyle, Sade and Wang, 2014).
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The U.S. Department of Transportation reports that heavy-duty trucks transport approximately

70% of the nation's freight by weight, underscoring the sector's critical role in the economy.

However, inefficiencies in maintenance strategies contribute to significant economic and

operational setbacks. According to the American Transportation Research Institute, unscheduled

truck maintenance and repairs are leading operational costs for fleets, with an average expense of

16.7 cents per mile in 2020, highlighting the financial strain of current maintenance practices.

Machines today generate vast quantities of operational data that, if analyzed effectively, could

revolutionize maintenance strategies (Palod, 2018). In the automotive sector for instance, a

report by McKinsey and Company indicates that the automotive industry captures less than 1%

of the potential value from data analytics. This underutilization signifies missed opportunities for

enhancing maintenance efficiency, reducing costs, and improving safety through data-driven

insights (Tao, Qi, Liu, and Kusiak, 2018). The PM System integrates diverse data sets sourced

from facilities, encompassing historical operational data, sensor readings, and environmental

parameters. Through predictive analytics, the system identifies patterns and trends within these

data sets to forecast equipment failures and performance degradation accurately.

Finally, evolving regulatory standards and consumer expectations demand a shift towards more

sustainable and efficient maintenance strategies. Concurrently, consumer expectations for

reliability and safety in transportation are at an all-time high, pressuring the industry to adopt

maintenance practices that align with these demands. The gap between current maintenance

practices and the evolving landscape of regulatory and consumer expectations highlights the

urgent need for innovative solutions in vehicle maintenance (McConnell, and Leard, 2021;

Omishakin, 2022).

2.4 Gap in Literature

The literature on predictive maintenance has witnessed rapid growth, particularly in industrial

and commercial sectors where sensor technologies, IoT devices, and data analytics contribute to

forecast equipment failures. However, when examining the specific arena of recreational centers,

especially those in rapidly urbanizing contexts like Enugu, a significant gap emerges. Although

industries such as manufacturing and high-rise commercial buildings benefit from advanced

maintenance frameworks, there remains a noticeable scarcity of research that is dedicated to

understanding how predictive maintenance can be effectively adapted for recreational facilities.

http://www.tbejournal.com


Tropical Built Environment Journal. Volume 14, No. 2, 26-45, 2026 www.tbejournal.com
ISSN: 1118-1790

32

Most of the existing work focuses on technically sophisticated environments where the

integration of smart sensors and real-time analytics is relatively seamless. In contrast,

recreational centers, by their very nature, combine multipurpose functionalities with a high

degree of public interaction. They are influenced by seasonal usage patterns, diverse operational

demands, and varying levels of funding. The unique blend of challenges faced by recreational

centers in terms of wear and tear, fluctuating occupancy, and less formalized maintenance

systems is rarely explored in current academic and technical discourses.

Moreover, much of the available literature originates from regions with advanced technological

infrastructures and abundant resources. This body of work tends to overlook the distinctive

conditions in developing urban centers like Enugu, where recreational facilities may operate

under tight budgets, older infrastructure, and fragmented management systems. The maintenance

challenges in such environments are not solely technical; they are deeply intertwined with

financial constraints and the broader socio-economic landscape.

Another critical aspect that warrants attention is the limited focus on the strategic and human

dimensions of integrating predictive maintenance into recreational management practices. While

numerous technical studies emphasize sensor integration and algorithm performance, they often

neglect to explore how these advanced systems affect user satisfaction, community engagement,

and overall sustainability. Recreational centers are not just mechanistic environments; they serve

as cultural and social hubs where the quality of maintenance has a direct impact on community

well-being and asset value. There is a gap in the literature in understanding the holistic benefits

of predictive maintenance, how improvements in maintenance practices translate into enhanced

community experiences, reduced operating costs, and a higher quality of life for users.

Furthermore, empirical research that comprehensively evaluates cost-effectiveness within

recreational settings is scarce. Many studies provide quantitative evidence of the benefits of

predictive maintenance in industrial settings but do not extend these findings to facilities such as

recreational centers, where the financial dynamics are markedly different. For managers and

policymakers, obtaining hard data on return on investment, long-term savings, and performance

improvements is essential for informed decision-making. The absence of such data in the

literature represents a significant aspect that deserves further exploration.

3.0 METHODOLOGY
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The study adopts a descriptive field survey design, in which structured questionnaires were

administered to facility technicians and users of recreational centres to gather their views on the

application of predictive maintenance as a facility management strategy. Responses were

extracted, tabulated, and expressed as percentages to measure the relative weight of respondent

opinion across different items. This design is well suited to the study's exploratory-but-quantified

character: it does not attempt controlled experimentation, but instead systematically captures

perceptions and self-reported practice across a defined population, which is then subjected to

inferential statistical testing.

The study area is Enugu Metropolis, comprising Enugu North, Enugu South, and Enugu East

local government areas, with a projected 2026 population of 1,029,400. It includes a substantial

historical account of Enugu's development — from its origins as a coal-mining settlement

discovered by the British engineer Albert E. Kitson in the early twentieth century, through its

successive roles as capital of the Southern Provinces, the Eastern Region, the short-lived

Republic of Biafra, East Central State, and Anambra State, before becoming the capital of the

present-day Enugu State. This historical grounding, while broader than strictly necessary for the

maintenance question at hand, is used to establish Enugu's long-standing status as an urban

administrative centre and to explain the layered, sometimes strained infrastructure (including its

recreational facilities) that this history has left behind.

Enugu Metropolis was selected specifically because a significant proportion of both the

providers and end users of recreational services are resident there, making it a practical and

information-rich setting for the study.

3.1 Population, Sampling and Data Collection

The study population comprises staff and users of recreational centres across the three

constituent local government areas, distributed as 347,500 in Enugu North, 284,200 in Enugu

South, and 397,700 in Enugu East, for a stated total of 1,029,400. Fifteen recreational centres

were profiled directly, spanning both public and private ownership and ranging from well-staffed

venues such as Enugu Sports Club (70 technical staff) and the National Museum of Unity (75

technical staff) to smaller private parks with as few as ten technical staff, and including at least

one facility, Osadebe Park, explicitly recorded as non-functional. In total, 357 technical staff

were recorded across the fifteen centres profiled, giving a concrete picture of the human

resourcing behind recreational-centre maintenance in the metropolis.
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The sample size was derived using the Taro Yamane formula at a 5 percent margin of error,

yielding a sample of 400 respondents drawn from the wider population of staff and users.

Random sampling was adopted as the primary technique, on the basis that it offers a relatively

straightforward and time-efficient means of achieving a broadly representative cross-section of

respondents given the practical constraints of the study. Within this frame, the study specifically

targeted facility managers (10), maintenance supervisors or engineers (15), administrative heads

responsible for maintenance planning (15), relevant personnel from the Enugu State Ministry of

Culture and Tourism (3), and general users, on the basis that these groups have direct knowledge

of, or exposure to, maintenance practice and predictive maintenance awareness specifically.

Primary data were collected through two instruments: a structured questionnaire, designed

predominantly with closed-ended, option-based questions to ease completion, and an oral

interview guide used to probe responses in more depth where appropriate. Secondary data were

drawn from textbooks, professional journals, handbooks, internet sources, dictionaries, and

conference papers relevant to the study. For analysis, the study relied on descriptive statistics —

frequencies, percentages, and Weighted Mean Scores — to address the five research objectives,

and on Pearson Product-Moment Correlation together with Linear Regression Analysis to test the

three hypotheses, with all analysis conducted in SPSS version 31. The Weighted Mean Score

approach allowed items within each objective to be ranked by relative importance, while the

correlation and regression analyses established both the strength and statistical significance of

the relationships between predictive maintenance and the study's three key outcome variables:

performance, user satisfaction, and redundancy.

4.0. DATA PRESENTATION AND ANALYSIS

4.1 Response Rate and Respondent Profile

Of the 400 questionnaires distributed, 367 were returned in usable condition, giving a response

rate of 91.75 percent, with the remaining 8.25 percent either not returned or incompletely filled.

This response rate is described as unusually strong for a survey of this kind, and is used to

support the reliability of the subsequent statistical analysis and the generalizability of its

conclusions across the wider population of recreational centre staff and users in the metropolis.

The demographic profile of respondents shows a male majority (66.21 percent versus 33.79

percent female), which the chapter attributes to the physically demanding nature of much
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maintenance and technical work. The largest single age bracket was 26 to 35 years (52.86

percent), followed by 18 to 25 years (18.80 percent), with the 36–45 and above-45 brackets

equally represented at 14.17 percent each; no respondents were below 18. In terms of experience,

the largest group (39.78 percent) had 4 to 6 years in their role, followed by 1 to 3 years (29.98

percent), suggesting a moderately experienced respondent base overall.

By role, maintenance staff formed the largest respondent group (42.51 percent), followed by

users (28.61 percent) and technical personnel or operators (24.25 percent), with managers the

smallest group (4.63 percent). Respondents were also more often associated with publicly owned

recreational centres (65.12 percent) than private ones (34.88 percent), and most commonly with

medium-sized centres of six to ten facilities (61.04 percent), followed by large centres of more

than ten facilities (33.24 percent). This profile indicates that the survey captured views

predominantly from those with hands-on, operational exposure to recreational centre

maintenance, rather than from senior management alone, which strengthens the practical

credibility of the findings that follow.

4.2 Findings by Objective

This addresses each of the five research objectives in turn using Weighted Mean Score rankings

derived from five-point Likert-scale responses. On the level of adoption of predictive

maintenance (Objective 1), regular monitoring of performance indicators was the most strongly

endorsed item (mean 3.89), followed by the availability of adequately trained staff (3.45), while

the use of advanced diagnostic tools (2.99), scheduled maintenance based on data-driven

predictions (2.68), and sufficient maintenance budget (2.01) scored progressively lower,

producing a composite adoption score of 3.00 which is essentially the neutral midpoint. On the

roles of predictive maintenance (Objective 2), the picture was markedly more positive: reduction

of unexpected equipment failures (4.67) and extended longevity of facilities and equipment (4.47)

ranked highest, with enhanced customer satisfaction, improved resource allocation, and reduced

maintenance cost following behind, for a high composite mean of 4.27.

On the impact of predictive maintenance on the maintenance process itself (Objective 3), timely

detection of equipment issues (4.67) and reduction of equipment downtime (4.47) again led the

rankings, with a composite mean of 4.24. A related set of items assessed impact specifically on

user satisfaction and utilisation, where encouraging regular usage through better availability

(4.06) and facility improvement (3.77) scored highest, but satisfaction with the current condition
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of facilities was the weakest item overall (3.26), producing a moderate composite User

Satisfaction Index of 3.66. On the challenges facing implementation (Objective 4), high

implementation cost dominated the rankings (4.62), followed by inadequate technological

infrastructure (4.43) and integration difficulties with existing systems (4.02), with a high

composite mean of 4.17 across all challenge items.

A related set of items assessed facility redundancy, where underutilisation due to poor

maintenance (4.28) and poor management culture (4.17) ranked as the strongest contributors,

against a notably low score for the item asserting that centres are well maintained and fully

functional (2.49) — indicating, in effect, that respondents largely disagree that current facilities

are in good condition. Finally, on possible measures for more efficient maintenance (Objective

5), adopting predictive maintenance tools directly (4.69) and allocating sufficient maintenance

budget (4.65) were the two most strongly endorsed measures, followed by staff training (4.54)

and incorporation of preventive and routine maintenance (4.38), giving a high composite mean

of 4.30 across all seven proposed measures. Taken together, these objective-level findings

describe a sector that recognises the value of predictive maintenance clearly and consistently, but

whose actual practice lags well behind that recognition, constrained chiefly by cost and

infrastructure rather than by a lack of awareness or willingness.

4.3 Hypothesis Testing and Discussion

All three null hypotheses were tested using one-sample t-tests, Pearson correlation, and linear

regression, and all three were rejected at the 0.001 level of significance. For the first hypothesis,

predictive maintenance was found to correlate very strongly with the Performance Index (r =

0.884), with regression showing that predictive maintenance explains 78.1 percent of the

variance in performance (R² = 0.781, β = 0.842, t = 36.12), leading to the conclusion that

predictive maintenance significantly improves recreational centre performance. For the second

hypothesis, predictive maintenance correlated strongly with the User Satisfaction Index (r =

0.642), explaining 41.2 percent of the variance in satisfaction (R² = 0.412, β = 0.663, t = 18.97),

supporting the conclusion that predictive maintenance significantly enhances user satisfaction,

albeit with a more moderate effect size than for performance.

For the third hypothesis, the Predictive Maintenance Index correlated strongly with the

Redundancy Index (r = 0.711), explaining 50.5 percent of the variance in redundancy (R² = 0.505,

β = 0.731, t = 22.34). The chapter interprets this as confirming that poor maintenance culture
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significantly contributes to facility redundancy, consistent with the qualitative pattern already

observed in the problem statement's case studies of abandoned or repurposed recreational centres.

Across all three hypotheses, the statistical results are described as reinforcing the study's

Reliability-Centred Maintenance framework: where predictive, condition-based maintenance

practices are stronger, performance, satisfaction, and continued functional use of the facility all

improve correspondingly.

The discussion of findings situates these results within both the theoretical framework and the

empirical literature reviewed in Chapter Two. The low overall level of adoption is read as

consistent with the broader Nigerian maintenance culture described by Ajayi (2014) and Effiong

and Wokekoro (2018), both of which characterise Nigerian public infrastructure maintenance as

predominantly reactive rather than data-driven. At the same time, the strength of the hypothesis-

testing results is read as corroborating global evidence from Zonta et al. (2020) and the Deloitte

(2022) report regarding measurable improvements in asset availability and downtime reduction

following predictive maintenance adoption. The chapter concludes that maintenance strategy

functions as a genuinely strategic variable for recreational centre viability in Enugu, not merely

an operational detail, and that the combination of high perceived value with low actual adoption

represents both the central problem and the central opportunity the study identifies.

Table 1 below summarises the composite Weighted Mean Score for each objective alongside its
strongest and weakest individual item.

Objective Index Composite
Mean

Top-ranked item Bottom-ranked item

1 — Level of
adoption

PMAI 3.00 Regular monitoring of
performance indicators
(3.89)

Sufficient maintenance
budget (2.01)

2 — Roles RPMI 4.27 Reduced unexpected
equipment failure (4.67)

Reduced maintenance
cost (3.87)

3 — Impact on
process

IMPI 4.24 Timely detection of
equipment issues (4.67)

Reduced overall
maintenance cost (3.59)

3 — Impact on users USI 3.66 Encourages regular usage
(4.06)

Satisfaction with current
condition (3.26)

4 — Challenges CIPM 4.17 High implementation cost
(4.62)

Data security
vulnerability (3.87)

— Redundancy RED 3.79 Underutilised due to poor
maintenance (4.28)

Well maintained and
functional (2.49)
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Objective Index Composite
Mean

Top-ranked item Bottom-ranked item

5 — Measures — 4.30 Adopt predictive
maintenance tools (4.69)

Engage stakeholders
(3.82)

Table 2 summarises the correlation, regression, and decision outcome for each of the three tested
hypotheses (all significant at p < .001).

Hypothesis Pearson r R² Beta (t-value) Decision

H01 — Performance 0.884 0.781 0.842 (t = 36.12) Rejected

H02 — User satisfaction 0.642 0.412 0.663 (t = 18.97) Rejected

H03 — Redundancy 0.711 0.505 0.731 (t = 22.34) Rejected
5.0 Summary, Conclusion and Recommendations

5.1 Summary of Major Findings

The study's summary of findings restates, in narrative form, the pattern already established. The

overall level of adoption of predictive maintenance in Enugu's recreational centres is found to be

low, with most facilities continuing to rely on reactive or corrective maintenance rather than

structured, data-driven systems. At the same time, predictive maintenance is found to play a

significant role where it is applied: reducing unexpected equipment failure, enabling earlier fault

detection, improving planning and scheduling of maintenance activity, and extending the useful

lifespan of recreational assets. The key empirical finding indicates that although predictive

maintenance is not widely adopted, it's positive effects on performance is pronounced where it

exists.

The summary further confirms a significant positive relationship between predictive maintenance

and overall maintenance performance, indicating that proactive, condition-based maintenance

strategies translate into measurable gains in operational efficiency and service continuity. Poor

maintenance culture, characterised in the study by delayed interventions, inadequate funding, and

a breakdown-driven repair philosophy, is confirmed as a significant contributor to facility

redundancy and underutilisation, directly connecting the statistical findings to the named

examples of facility decline set out in the problem statement.

The major barriers to wider adoption are summarised as high initial investment cost, inadequate

technological infrastructure, limited technical expertise among maintenance personnel, and

insufficient budgetary allocation; the same four factors that dominated the challenge rankings.
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The study concludes this section by reaffirming that maintenance strategy is a critical

determinant of recreational centre sustainability in Enugu, and that the transition from reactive to

predictive maintenance is not merely a technical upgrade but a precondition for improving

performance, reducing redundancy, and securing the long-term viability of the sector.

5.2 Conclusion

The concluding section frames maintenance management within recreational centres as an

increasingly strategic function of facility sustainability rather than a purely technical or back-

office concern. It acknowledges that, within Enugu Metropolis specifically, integration of

predictive maintenance into recreational facility management remains at an early, developmental

stage: awareness among stakeholders is evident and, as the data show, generally quite strong, but

practical implementation continues to be constrained by financial limitations, inadequate

technological infrastructure, and broader institutional issues affecting how maintenance is

planned, funded, and executed.

Despite these constraints, the conclusion is unambiguous that predictive maintenance exerts a

significant positive influence on performance outcomes, operational reliability, and user

satisfaction wherever it has been meaningfully applied within the sample. Centres that adopt

structured, data-driven maintenance practices whether through basic data analysis or more

advanced tools such as Internet of Things sensors are positioned to minimise unexpected failures,

reduce downtime, and improve service delivery overall, while continued reliance on purely

reactive maintenance is linked directly to asset deterioration, service interruption, and eventual

facility redundancy of the kind earlier documented.

Importantly, the conclusion frames the sector's challenges as ones of capacity rather than

willingness: the strong stakeholder inclination toward future adoption identified in the data

suggests that the recreational sector in Enugu is not resistant to innovation but rather constrained

by the absence of deliberate policy direction, adequate funding, and sustained managerial

commitment. The study concludes by arguing that, where effectively implemented, predictive

maintenance has the capacity to transform maintenance culture, restore public confidence in

recreational infrastructure, improve facility utilisation, and ultimately position recreational

centres as a driver of both social and economic value within the metropolis.

5.3 Recommendations

Four principal recommendations are offered:
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First, management of recreational centres should adopt a phased approach to implementing

predictive maintenance, beginning with structured condition monitoring before progressing to

more sophisticated digital diagnostic technologies, rather than attempting a full technological

leap at once.

Second, government authorities and private-sector stakeholders are urged to prioritise increased

investment in maintenance infrastructure and technological upgrades, and to allocate sufficient

dedicated maintenance budgets to enable genuinely data-driven decision-making, directly

addressing the budget constraint that dominated the challenge rankings .

Third, continuous professional development including workshops and technical training sessions

is recommended to strengthen the competence of maintenance personnel and close existing skills

gaps.

Fourth, the study calls for clear and enforceable maintenance policies that emphasise preventive

and predictive strategies over breakdown-based corrective repair as the institutional default.
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