KEY PERFORMANCE INDICATORS FOR BUILDING MAINTENANCE ASSESSMENT IN NIGERIA: A SYSTEMATIC REVIEW WITH A FOCUS ON LAGOS STATE

Abstract
Building maintenance in Nigeria is widely characterised as reactive and under-resourced, and Lagos State records the highest incidence of building failure in the country, which makes the assessment of maintenance performance a matter of life safety as well as asset economics. This review establishes which key performance indicators (KPIs) are available for assessing building maintenance and how they can be consolidated for the Lagos context. A systematic literature review was conducted and reported against the PRISMA 2020 statement. Recognised standards, peer-reviewed Nigerian studies, and current sectoral data published mainly between 2005 and 2026 were retrieved from Scopus, Web of Science, Google Scholar, institutional repositories, and standards bodies, screened against pre-specified criteria, and synthesised thematically. Twenty-one sources met the inclusion criteria. Three findings dominate. First, the international literature organises maintenance KPIs into technical, economic, and organisational families, anchored by reliability metrics such as mean time between failures and mean time to repair. Second, the Nigerian and Lagos evidence relies almost entirely on perception-based factor rankings, with absence of preventive maintenance ranked the most influential factor across independent studies (relative importance index = 0.84; relative severity index = 0.685). Third, quantitative reliability and cost indicators are effectively absent from the Nigerian record. The review consolidates fragmented evidence into a proposed four-tier KPI framework (technical, economic, organisational, and service) adapted to Lagos building stock, and it identifies the measurement gaps that primary research must close.
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1.0 Introduction
In Lagos State, the failure to maintain buildings has become a recurrent cause of death rather than just a cause of depreciation. A peer-reviewed satellite study of the city recorded more than 200 casualties across 152 building failures since 2005 and linked many of these failures to a combination of differential ground subsidence, substandard materials, and weak maintenance of the affected structures (Ohenhen & Shirzaei, 2022). Industry monitoring tells the same story in a different register: by early 2025, Lagos accounted for 351 of 635 documented building collapses nationally, roughly 55 percent, and led every recent annual tally, including 13 of the 47 collapses recorded across the country in 2024 (Daily Trust, 2025). When a building stock fails at this scale, the question of how its maintenance is assessed ceases to be an administrative detail and becomes a public-safety priority.
Internationally, maintenance management has moved from a corrective posture toward planned, preventive, and condition-based regimes, and the measurement of maintenance performance has been formalised in dedicated standards. BS EN 15341 classifies maintenance KPIs into economic, technical, and organisational groups and offers guidance for selecting indicators that appraise effectiveness, efficiency, and sustainability across physical assets, including civil buildings (British Standards Institution, 2022). Reliability engineering supplies the technical core of this measurement through indicators such as mean time between failures and mean time to repair, which together diagnose whether failures are infrequent and recovery is fast (Oxmaint, 2025). Facilities-management standards extend the same logic beyond engineering reliability to service quality and occupant satisfaction (International Organization for Standardization, 2018).
Nigerian scholarship, by contrast, has concentrated on the factors that impair maintenance rather than on the indicators that measure it. A strategic, preventive approach to public-building maintenance in Lagos was argued for early in the literature (Adenuga & Iyagba, 2005). Subsequent studies ranked the factors affecting maintenance using relative importance and severity indices (Fateye et al., 2022; Waziri & Vanduhe, 2013), assessed the operational state of particular building types such as public hospitals (Adenuga et al., 2007), examined tertiary-institution buildings (Aghimien et al., 2019; Osuya et al., 2023), and identified the critical success factors of maintenance projects (Abisuga et al., 2017). A complementary strand proposed value-based and alternative maintenance-management models for public institutions, drawing on comparative work in Malaysia (Lateef et al., 2010; Olanrewaju, 2010, 2012).
Three gaps persist across this body of work. The first is a synthesis gap: the factors that degrade maintenance have been catalogued repeatedly, yet they have not been consolidated into a coherent set of indicators that can be used to assess performance. The second is a methodological gap: the Nigerian record is dominated by cross-sectional perception surveys, which leaves quantitative reliability and cost indicators almost entirely unmeasured. The third is a contextual gap: although Lagos is the national epicentre of building failure, no validated KPI instrument exists for assessing maintenance performance in its building stock.
The present review addresses these gaps. Adopting a systematic review design reported against PRISMA 2020 (Page et al., 2021), it pursues three questions: which KPIs and assessment criteria are established in the international standards and methodological literature (RQ1); which factors, indicators, and condition outcomes the Nigerian and Lagos empirical literature uses to assess building maintenance (RQ2); and how these can be consolidated into a coherent KPI framework suited to Lagos, together with the gaps that remain (RQ3). The method is set out next, followed by the synthesis and a proposed four-tier KPI framework, before the implications for practice and research are discussed.



2.0 Method
2.1 Protocol and Review Type
This review was not registered in a public protocol registry; its conduct nonetheless followed the principles of the PRISMA 2020 statement for systematic reviews, and the search and selection are reported in full to permit replication (Page et al., 2021). Due to the fact that the governing question is broad and the literature is heterogeneous, the question was framed with the Population, Concept, Context (PCC) device rather than the narrower PICO frame. The population comprised public, institutional, and commercial buildings together with the organisations that maintain them; the concept was key performance indicators for maintenance assessment; and the context was Lagos State within Nigeria.
2.2 Search Strategy
Literature was identified through structured searching of Scopus, Web of Science, and Google Scholar for breadth, supplemented by the repositories and journal platforms that host Nigerian construction-management scholarship, including ResearchGate, the University of Lagos institutional repository, and the Journal of Construction Business and Management. Current figures on building failure were drawn from recognised standards bodies and documented sectoral reports, because this category of data is rarely captured in the peer-reviewed corpus. Search strings combined three concept blocks with the Boolean operator AND, linked synonyms within each block using OR, and applied truncation to capture morphological variants. The blocks covered maintenance terms, performance and assessment terms, and context terms. The full strings appear in Appendix A.
2.3 Eligibility Criteria
Sources were included when they addressed building maintenance performance, factors, or condition within Nigeria, or when they supplied the standards and comparator evidence needed to construct the conceptual framework. Table 1 sets out the criteria and the justification for each.


Table 1: Inclusion and Exclusion Criteria for the Review
	Criterion
	Specification
	Justification

	Timeframe
	January 2000 to June 2026 (with earlier foundational works permitted)
	Captures the period in which formal maintenance-performance measurement and Nigerian maintenance scholarship matured; earlier foundational theses admitted through citation chaining

	Document type
	Peer-reviewed articles, recognised standards, doctoral theses, and substantiated sectoral reports
	Balances methodological rigour with the need for current failure data not found in journals; editorials and opinion pieces excluded

	Language
	English
	Reflects the language of Nigerian academic and policy publishing; acknowledged as a limitation

	Population, Concept, Context
	Buildings and maintenance organisations; maintenance KPIs, factors, or condition; Nigeria, with emphasis on Lagos
	Keeps screening decisions consistent and auditable against the PCC frame

	Relevance
	Nigerian studies prioritised; international standards and comparator studies retained for the framework
	Grounds the synthesis in the case context while anchoring it in recognised measurement theory


Note: Inclusion and exclusion criteria developed by the author for this review; date limits follow the maturation of the maintenance-performance literature.
2.4 Selection Process
Selection proceeded through identification, screening, eligibility, and inclusion, mirrored by the flow in Figure 1. Of 334 records identified, 47 duplicates were removed, leaving 287 for title and abstract screening. Screening excluded 198 records that did not address maintenance assessment, that reported construction defects without a maintenance dimension, or that fell outside the PCC scope. Full texts of 89 records were assessed, and 68 were excluded with reasons recorded, leaving 21 sources for synthesis. Figure 1 describe the screening and the 21 included sources are detailed in Appendix B.
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Figure 1: Flow of Records through the Review (PRISMA 2020)
Note: Counts denote records at each screening stage of this review; the included sources are shown in Appendix B.
2.5 Quality Appraisal and Synthesis
Included empirical studies were appraised for methodological transparency, specifically whether the sampling frame, instrument, and analysis were reported clearly enough to interpret the results; standards and sectoral sources were appraised for authority and currency. Synthesis was thematic, and findings were coded across the corpus, grouped into descriptive themes, and then developed into the analytical themes that answer the research questions and inform the proposed framework. A thematic matrix, presented as Table 2, maps the themes to their representative sources.



3.0 Results
3.1 Characteristics of the evidence base
The 21 included sources cluster in time, geography, and method. Nearly half (10 of 21) were published from 2018 onward, which indicates an accelerating research interest that tracks the rising public salience of building collapse in Lagos. Geographically, the empirical studies concentrate in Lagos and the wider south-western region, with comparative material drawn from Malaysian university campuses. Methodologically, the Nigerian empirical studies are overwhelmingly cross-sectional questionnaire surveys analysed with descriptive indices such as the relative importance index, the relative severity index, and the weighted mean score, and with non-parametric tests including the Kruskal-Wallis and Mann-Whitney procedures, alongside occasional factor analysis. Not one of the Nigerian empirical studies drew on routinely recorded reliability or cost data. The building types examined span hospitals, offices, banks, tertiary-institution buildings, and public and residential housing. Full characteristics appear in Appendix B.
Table 2: Thematic Synthesis Matrix
	Theme
	Core Finding
	Sources

	International KPI architecture
	Maintenance performance is measured through economic, technical, and organisational KPI families, anchored by reliability metrics and extended by FM standards to service quality.
	BSI (2022); ISO (2018); Oxmaint (2025)

	Preventive-maintenance deficit
	Across independent samples and two indices, the absence of preventive maintenance is the single most influential impairment of building condition.
	Waziri & Vanduhe (2013); Fateye et al. (2022)

	The strategy paradox
	Corrective and emergency strategies dominate practice although preventive maintenance is recognised as most effective.
	Fateye et al. (2022); Adenuga & Iyagba (2005); Adenuga et al. (2007)

	Funding as binding constraint
	Insufficient and misaligned maintenance funding recurs as a primary cause of poor building condition.
	Adenuga et al. (2007); Aghimien et al. (2019)

	Perception-based condition
	Condition is judged through user and officer perception and varies by sector and funding model rather than by a standardised index.
	Adenuga et al. (2007); Osuya et al. (2023)

	Project-level success factors
	Maintenance-project outcomes hinge on team integration, planning and control, communication, and quality and risk control.
	Abisuga et al. (2017); Adebayo (1991); Zubairu (2000)

	The measurement gap
	Quantitative reliability and cost indicators and CMMS data are absent from the Nigerian record.
	Author synthesis; contrast with BSI (2022)

	Life-safety stakes
	Lagos concentrates national building failure; poor maintenance culture is implicated alongside subsidence and material defects.
	Ohenhen & Shirzaei (2022); Ede (2010); Daily Trust (2025); This Day (2024); Adetunji et al. (2018)


Note: Compiled by author from the 21 included sources.
3.2 The International Architecture of Maintenance KPIs
The standards literature offers a settled answer to the first research question. Maintenance performance is measured through three indicator families. Economic indicators capture the cost and value consequences of maintenance; technical indicators capture the physical reliability and condition of assets; and organisational indicators capture the maturity of the maintenance process (British Standards Institution, 2022). Within the technical family, two reliability metrics recur as near-universal: mean time between failures, which expresses how long an asset runs before failing, and mean time to repair, which expresses how quickly service is restored. Read together, a high mean time between failures with a low mean time to repair signals a healthy regime, while the reverse signals a deteriorating one (Oxmaint, 2025). Mature programmes balance reactive, proactive, and predictive indicators rather than optimising a single number, and facilities-management standards add a service dimension, extending assessment to occupant satisfaction and the quality of the maintenance service itself (International Organization for Standardization, 2018). This architecture supplies the scaffolding against which the Nigerian evidence can be read.
3.3 How Lagos Assesses Maintenance in Practice
Against that scaffolding, the Nigerian and Lagos evidence answers the second research question in a strikingly narrow register. Assessment is conducted almost entirely through perception, and the perceptions converge. The single most consistent finding across the corpus is that the absence of preventive maintenance is the dominant impairment of building condition. In a users-perspective study, lack of preventive maintenance ranked first with a relative importance index of 0.84, ahead of faulty workmanship (0.80), design resolution (0.79), and substandard materials (0.76) (Waziri & Vanduhe, 2013). In an independent Lagos office-building study analysing the responses of 216 estate-management professionals, the same factor ranked first on a relative severity index at 0.685, ahead of vandalism (0.677) and shifting values and modernisation (0.662), with shortage of skilled professionals ranked least at 0.46 (Fateye et al., 2022). That two separate samples, using two different indices, place the same factor at the top is the firmest single result in the literature.
A paradox sits beneath this convergence. Although preventive maintenance is recognised as the most effective strategy, the strategies actually practised are predominantly corrective and emergency in nature, and facilities-management practice in Lagos is described as constrained by top-management, human-resource, and technical problems (Adenuga & Iyagba, 2005). Funding is the binding constraint that sustains the paradox: insufficiency of funds for the maintenance programme ranked among the most significant factors in an assessment of Lagos public hospital buildings, whose operational state was rated only average by both maintenance officers and users (Adenuga et al., 2007), and chronic budget shortfalls recur in studies of tertiary-institution buildings (Aghimien et al., 2019; Osuya et al., 2023). Where assessment moves beyond factors to project outcomes, the determinants are organisational rather than physical: maintenance-project success in Lagos was found to rest on team integration and knowledge transfer, planning and control, communication among stakeholders, and quality and risk control (Abisuga et al., 2017). Across these studies, condition is judged through human perception and varies with sector and funding model rather than through any standardised technical index.
3.4 The Measurement Gap
The contrast between the international architecture and the Lagos practice exposes the central deficiency. The reliability and cost indicators that anchor the standards, namely mean time between failures, mean time to repair, availability, planned-to-emergency cost ratios, and condition indices, are effectively absent from the Nigerian record, and computerised maintenance management systems that would generate such data are not reported in the reviewed studies. Maintenance in Lagos is therefore assessed through lagging, perception-based judgements made after deterioration is already visible, rather than through leading indicators capable of anticipating failure. In a city where failure can be fatal, this is not a stylistic preference but a structural weakness in how maintenance is governed (Ede, 2010; Ohenhen & Shirzaei, 2022).
3.5 KPI Framework for Lagos
Answering the third research question requires consolidating the validated local factors with the international indicator families into a single instrument. The review proposes a four-tier framework, set out in Table 3, that maps each tier of indicators to what it assesses and to the evidence that grounds it. The technical tier converts the perception-ranked physical factors into measurable form through a building condition index, element-level defect frequencies, reliability metrics for critical services such as lifts and electrical and water systems, service availability, and structural-audit compliance. The economic tier renders the funding constraint measurable through maintenance spend as a share of asset value, the ratio of planned to emergency expenditure, and the alignment of budget with assessed need. The organisational tier operationalises the success factors and the strategy paradox through the preventive-to-corrective work ratio, work-order response and completion times, backlog, the proportion of work executed by qualified professionals, and the presence of an implemented maintenance policy. The service tier captures the occupant experience through satisfaction, complaint resolution, and first-time-fix rates. Read together, the four tiers turn a literature of diagnosed problems into a programme of measurable assessment.
Table 3: Proposed Four-Tier KPI Framework for Building Maintenance Assessment in Lagos
	KPI Tier
	Representative Indicators
	What It Assesses
	Grounding

	Technical / condition
	Building condition index; defect frequency by element (electrical, joinery, ceilings, roofing); mean time between failures and mean time to repair for critical services; service availability; structural-audit compliance
	Physical state and reliability of the building and its services
	BSI (2022); Waziri & Vanduhe (2013); Ohenhen & Shirzaei (2022); Ede (2010)

	Economic / financial
	Maintenance spend as a percentage of asset replacement value; planned-to-emergency cost ratio; budget-to-requirement ratio; life-cycle maintenance cost per square metre
	Efficiency and adequacy of maintenance funding
	BSI (2022); Adenuga et al. (2007)

	Organisational / process
	Preventive-to-corrective work ratio; work-order response and completion time; maintenance backlog; proportion of work by qualified professionals; implemented maintenance policy
	Maturity and discipline of the maintenance process
	Fateye et al. (2022); Abisuga et al. (2017)

	Service / user
	User-satisfaction index; complaint-resolution rate; first-time-fix rate
	Quality of service as experienced by occupants
	ISO (2018); Osuya et al. (2023)


Note: Proposed by the author, mapping the maintenance KPI families of the British Standards Institution (2022) to factors validated in the Nigerian literature (Adenuga et al., 2007; Fateye et al., 2022; Waziri & Vanduhe, 2013).
4.0 Discussion
4.1 Principal Findings
This review set out to establish how building maintenance is assessed in Lagos and how that assessment could be strengthened. Three conclusions answer the research questions directly. First, the international literature already provides a coherent KPI architecture organised into technical, economic, and organisational families and anchored by reliability metrics (British Standards Institution, 2022; Oxmaint, 2025). Second, the Lagos evidence assesses maintenance almost exclusively through perception-based factor rankings, which converge on the absence of preventive maintenance as the dominant impairment and on inadequate funding as its sustaining cause (Adenuga et al., 2007; Fateye et al., 2022; Waziri & Vanduhe, 2013). Third, the quantitative indicators that would permit proactive assessment are absent from the Nigerian record, leaving a measurement gap that the proposed four-tier framework is designed to close.
4.2 Theoretical Contribution
The contribution is to reframe Nigerian maintenance scholarship from the identification of factors to the construction of indicators. The proposed framework extends the generic three-family taxonomy of BS EN 15341 into a developing-country, life-safety setting by binding it to factors that have been empirically validated in Lagos, and it elevates preventive-maintenance compliance from a recurrently lamented absence into a keystone indicator that links the perception-based local literature to the reliability-based international literature (British Standards Institution, 2022; Fateye et al., 2022). In doing so it positions maintenance assessment not as a downstream facilities task but as a component of structural-safety governance, a positioning justified by the demonstrated concentration of building failure in the same city (Ohenhen & Shirzaei, 2022).
4.3 Implications for Practice and Policy
For facilities managers, the evidence indicates that the immediate priority is the capture of data: adopting a computerised maintenance management system and tracking mean time between failures, mean time to repair, and the preventive-to-corrective ratio would convert assessment from after-the-fact judgement into early warning. For regulators such as the Lagos State Building Control Agency, the framework suggests embedding periodic condition indices and structural-audit compliance into the existing inspection regime, so that maintenance performance is monitored continuously rather than investigated only after collapse. For those who fund public buildings, the budget-to-requirement ratio offers a single, auditable indicator that exposes the funding shortfalls repeatedly documented in the literature (Adenuga et al., 2007; Aghimien et al., 2019).
4.4 Limitations and Future Research
Several limitations qualify these conclusions and point to future work. The review was restricted to English-language sources, which reflects the language of Nigerian academic publishing but may omit relevant grey literature. The Nigerian evidence base is itself dominated by cross-sectional perception studies, so the synthesis inherits that methodological narrowness and cannot report pooled effects. The proposed framework is, at this stage, a conceptual instrument derived from the literature rather than an empirically tested one. Three lines of future research follow directly. The framework should be piloted with primary data from a sample of Lagos buildings to test the feasibility of each indicator. The relative weight of the indicators should be established through an expert-consensus method such as the Delphi technique or the analytic hierarchy process. And the integration of building information modelling and computerised maintenance management systems should be examined as the data infrastructure on which any reliable KPI regime in Lagos will ultimately depend.


5.0 Conclusion
Building maintenance in Lagos is currently assessed by counting failures rather than by measuring performance. The international standards literature shows that maintenance can be governed through a balanced set of technical, economic, organisational, and service indicators, yet the Nigerian evidence, for all its careful cataloguing of the factors that degrade buildings, has not translated those factors into indicators that anticipate failure. The synthesis offered here closes that distance by consolidating the validated local factors and the recognised international families into a single four-tier framework, and by naming preventive-maintenance compliance as its keystone. The field now has, in one place, both a diagnosis of why Lagos buildings are poorly maintained and a structured proposal for measuring whether that is changing. Turning the proposal into a tested instrument is the task that the safety of the city's building stock now makes urgent.
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APPENDIX
Appendix A: Search Strings
The following strings shows the searches run in each source group. Strings were adapted to the syntax of each database. Block A captured maintenance terms, Block B captured performance and assessment terms, and Block C captured context terms.
Block A (maintenance): ("building maintenance" OR "facilities management" OR "facility management" OR upkeep OR "maintenance management")
Block B (performance and assessment): ("key performance indicator*" OR KPI OR "performance measurement" OR "performance assessment" OR "condition assessment" OR "maintenance performance")
Block C (context): (Nigeria OR Lagos)
Combined string: Block A AND Block B AND Block C, with a date filter of 2000 to 2026 applied where the database allowed.
Supplementary searches: ("building collapse" AND Lagos); ("maintenance KPI" OR "EN 15341" OR "ISO 41001").

Appendix B: Characteristics of Included Sources
	Source
	Year
	Design
	Focus
	Finding

	Abisuga et al.
	2017
	Survey + factor analysis (Lagos)
	Maintenance project success factors
	Six critical success factors, incl. team integration, planning, communication

	Adenuga et al.
	2007
	Survey, descriptive + inferential (Lagos)
	Public hospital building maintenance
	Operational state "average"; insufficient funds a top factor

	Adenuga & Iyagba
	2005
	Conceptual (Lagos)
	Strategic preventive approach
	Advocacy of preventive FM at the strategic level

	Adebayo
	1991
	Doctoral thesis (Nigeria)
	Maintenance management of public buildings
	Foundational study of maintenance management

	Adetunji et al.
	2018
	Survey (Lagos Island)
	Building collapse assessment
	Change of use and material quality as causes

	Aghimien et al.
	2019
	Survey (Nigeria)
	Barriers in private tertiary institutions
	Funding and policy barriers to maintenance

	British Standards Institution
	2022
	Standard
	Maintenance KPI taxonomy
	Economic, technical, organisational KPI families

	Daily Trust
	2025
	Sectoral report
	National collapse tally
	Lagos = 351 of 635 (~55%); 13 of 47 in 2024

	Ede
	2010
	Survey (Nigeria)
	Collapse casualty trend 2000–2010
	Rising casualties decade on decade

	Fateye et al.
	2022
	Survey, WMS / RSI / Kruskal-Wallis (Lagos)
	Office-building operation and maintenance
	Lack of preventive maintenance RSI = 0.685 (top)

	Int. Org. for Standardization
	2018
	Standard
	FM management systems
	Service-quality and satisfaction dimension

	Lateef et al.
	2010
	Case study (Malaysia)
	Campus maintenance management
	Comparator FM management model

	Ohenhen & Shirzaei
	2022
	Remote sensing / InSAR (Lagos)
	Subsidence and collapse risk
	152 failures, 200+ casualties since 2005

	Olanrewaju
	2010
	Quantitative analysis (Malaysia)
	University maintenance criteria
	Criteria weighting for maintenance value

	Olanrewaju
	2012
	Doctoral thesis (Malaysia)
	Value-based maintenance framework
	Value-based maintenance management model

	Osuya et al.
	2023
	Survey (Nigeria)
	Government tertiary-institution maintenance
	Perception-based condition; practice gaps

	Oxmaint
	2025
	Practitioner synthesis
	Reliability benchmarking
	MTBF, MTTR, balanced KPI sets

	Page et al.
	2021
	Methodological guideline
	PRISMA 2020
	Reporting standard for the review

	This Day
	2024
	Sectoral report
	Lagos collapse overview
	60.71% south-west predominance; 132 deaths

	Waziri & Vanduhe
	2013
	Survey, RII (Nigeria)
	Residential maintenance factors
	Lack of preventive maintenance RII = 0.84 (top)

	Zubairu
	2000
	Doctoral thesis (Nigeria)
	POE of government office buildings
	Foundational post-occupancy evaluation approach
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