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ABSTRACT

Digital transformation in facilities management has gained global momentum; however,
implementation outcomes remain inconsistent across organizations and sectors. Despite
the widespread adoption of technologies such as BIM-FM, IoT, AI/ML, and Digital
Twins, many Digital Facilities management (DFM) initiatives fail to achieve their
intended value due to misalignment between technological capabilities and
organizational readiness. This study aims to systematically identify and quantify the
critical success factors (CSFs) that underpin successful DFM implementation. A
systematic literature review and meta-analysis were conducted in accordance with
PRISMA 2020 guidelines. Forty-seven empirical studies published between 1990 and
2025 were synthesized. Data extraction focused on implementation factors, contextual
conditions, and reported outcomes. A random-effects meta-analysis was applied to
estimate pooled odds ratios (OR) with 95% confidence intervals. The review identified
25 distinct CSFs, of which 15 were consistently reported across multiple studies.
Universal organizational enablers emerged as the strongest predictors of success,
including leadership support (OR = 29.6, 95% CI: 2.73-320.48), training programs
(OR =13.7, 95% CI: 2.27-82.73), and stakeholder engagement (OR = 9.3, 95% CI:
2.00—43.63). Technology-specific factors such as infrastructure readiness (OR = 5.8),
data quality management (OR = 4.8), and change management (OR = 4.1) also
demonstrated statistically significant effects. In contrast, context-specific factors—
including pilot testing, vendor support, and budget adequacy—showed weaker and
statistically non-significant contributions. The findings confirm that organizational
enablers play a more decisive role than technology alone in achieving successful DFM
implementation. This study contributes a statistically grounded CSF framework that
extends existing technology adoption theories within the facilities management context
and provides actionable guidance for practitioners, technology vendors, and
policymakers seeking to accelerate digital transformation in FM.
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1. Introduction

built environment. Traditionally, FM practices have relied

Facilities Management (FM) is widely recognized as an
interdisciplinary academic and professional field that integrates
human resources, physical assets, organizational strategies, and

technological systems to ensure the effective operation of the

heavily on reactive maintenance approaches and manual
processes, which have frequently resulted in inefficiencies,
increased operational costs, and misalignment with organizational
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objectives (Teicholz, 2013). Over recent decades, however, FM
has progressively transitioned toward digital innovation, driven
by rapid technological advancement, heightened user
expectations, and growing sustainability imperatives (Love et al.,
2014; Pishdad-Bozorgi et al., 2018).

Digital Facilities Management (DFM) refers to the integration of
digital technologies such as Building Information Modeling for
Facilities Management (BIM-FM), the Internet of Things (IoT),
Digital Twins, Computerized Maintenance Management Systems
(CMMS), Computer-Aided Facilities Management (CAFM), and
emerging applications of Artificial Intelligence and Machine
Learning (AI/ML). These technologies support a shift from
predominantly reactive or preventive maintenance models
toward more proactive, data-driven, and predictive operational
strategies (Kensek, 2014; Patacas et al., 2015). Through
improved data integration and advanced analytics, DFM has
demonstrated the potential to reduce operational costs by 15—
30%, improve energy efficiency by up to 40%, and enhance
maintenance productivity by nearly 50% (Naji et al., 2024;
Silverio-Fernandez et al., 2019).

Despite these benefits, the outcomes of DFM implementation
remain inconsistent across sectors and geographic contexts. Prior
studies report that approximately 40-60% of digital
transformation initiatives in FM fail to deliver their anticipated
value. Importantly, these failures are often attributed not solely
to technological limitations, but to insufficient organizational
readiness and misalignment between technological capabilities
and institutional needs (Oluleye et al., 2021; Ashworth &
Tucker, 2019). This underscores the fact that successful DFM
adoption depends on a complex interaction of technological,
organizational, human, and environmental factors. Without a
clear understanding of these determinants, FM organizations risk
underperforming digital investments and unrealized strategic
value.

Existing literature identifies numerous facilitators of successful
DFM implementation, including strong leadership commitment,
access to structured training programs, active stakeholder
engagement, and system interoperability (Kotter, 1995; Volk et
al., 2014). Conversely, commonly reported barriers include high
initial investment costs, limited technical expertise, concerns
regarding data security, and organizational resistance to change
(Venkatesh et al., 2003; Oreg, 2006). However, the existing
evidence base remains fragmented. Many studies focus on single
technologies such as BIM-FM or IoT, or are confined to specific
sectors including healthcare or education, limiting the
generalizability of findings across the broader FM landscape.

Another limitation of previous reviews is their tendency to
emphasize adoption trends or performance outcomes rather than
systematically identifying the underlying factors that determine
implementation success or failure (Ghansah, 2024; Shuhaimi et
al., 2024). Consequently, there remains no consolidated,
evidence-based synthesis of the critical success factors (CSFs)
governing DFM implementation. This gap has significant practical
implications, as FM practitioners, technology vendors, and

decision-makers often lack empirically grounded guidance to

support strategic planning, execution, and evaluation of digital
initiatives.

The importance of identifying CSFs is further amplified by global
developments such as rapid urbanization, the emergence of smart
cities, and increasing sustainability mandates. These trends place
growing pressure on FM organizations to deliver services that are
efficient, resilient, and user-centric (World Economic Forum,
2020). Simultaneously, regulatory bodies and governments are
promoting digital readiness and sustainability compliance through
initiatives such as national BIM mandates and frameworks aligned
with the European Green Deal (European Commission, 2020).
Within this context, understanding and prioritizing CSFs is
essential not only for operational improvement but also for long-
term competitiveness and regulatory compliance.

From a theoretical perspective, studies examining DFM adoption
frequently draw upon established frameworks such as the
Technology Acceptance Model (TAM), the Technology—
Organization—Environment (TOE) framework, and the Diffusion
of Innovation (DOI) theory (Davis, 1989; Tornatzky & Fleischer,
1990; Rogers, 2003). While these models offer valuable insights
into user behavior, organizational readiness, and environmental
influences, they remain largely generic and do not fully capture
the multidisciplinary, asset-intensive nature of facilities
management. As such, there is a need for a synthesis that
contextualizes these frameworks within FM practice, where
successful implementation often depends on cross-functional

collaboration and long-term asset stewardship.

Collectively, these gaps highlight the need for a structured and
empirically grounded evidence base capable of systematically
identifying, categorizing, and quantifying the CSFs that support
successful DFM implementation. A systematic literature review
supported by meta-analysis offers a rigorous and replicable
approach to address this need, enabling comparison across
regions, sectors, and technologies, while assessing the relative
significance and consistency of identified success factors.

Accordingly, this study conducts a systematic review of forty-
seven empirical studies published between 1990 and 2025,
following PRISMA 2020 guidelines. The analysis synthesizes
universal, technology-specific, and context-dependent CSFs and
proposes a structured framework to support DFM
implementation. By situating these findings within established
adoption theories and FM practice, the study contributes both
theoretical refinement and practical guidance for stakeholders
seeking to advance digital transformation in facilities

managcmcnt.

2. Methods

2.1 Review Protocol

This study strictly adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA 2020)
guidelines (Page et al., 2021). A review protocol was established
beforehand to guarantee transparency, delineating the research
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questions, inclusion and exclusion criteria, and analytical
methodologies.

2.2.  Eligibility Criteria

The review focused on studies that examined digital facilities
management technologies such as Building Information
Modelling applied to FM, Internet of Things applications, Digital
Twins, computerized maintenance management systems,
computer-aided facilities management platforms, and artificial
intelligence or machine learning solutions. Eligible studies were
required to present empirical findings related to implementation,
including success factors, barriers, or enablers. Only peer-
reviewed journal articles, high-quality conference proceedings,
and doctoral theses published in English between 1990 and 2025
were considered. Studies were excluded if they reported only
performance outcomes without an implementation context, if
they were outside the FM domain, if they were non-empirical
such as opinion papers, or if they lacked sufficient methodological
detail.

2.3.  Data Sources and Search Strategy

The literature search was carried out across a wide range of
databases to maximize coverage. These included multidisciplinary
databases such as Scopus, Web of Science, and Google Scholar,
alongside domain-specific repositories like IEEE Xplore and the
ACM Digital Library for engineering and computing, as well as
PubMed for health-related studies. Open-access sources such as
ArXiv and ResearchGate were included as supplementary sources
to identify additional relevant studies, together with publisher
databases such as Emerald Insight, Taylor & Francis Online, and
the ASCE Library. To ensure completeness, reference lists of the
included studies were screened manually for additional

publications.

The search strategy applied combinations of keywords relating to
digital facilities management, implementation, and success
factors. Terms such as “digital FM,” “smart facilities
management,” “BIM for FM,” “IoT in FM,” “digital twin for FM,”
and “computerized maintenance management” were combined
with expressions including “critical success factor,” “enabler,”
“barrier,” and “best practice.” The use of multiple terms ensured
that variations in terminology across different disciplines and
publication venues were captured.

2.4. Data Extraction

Data were extracted using a standardized template covering
bibliographic ~ information,  study  design,  participant
characteristics, technology type, implementation factors,
outcomes, and quality indicators. Extraction was conducted

independently by two reviewers to minimize bias.

2.5.  Risk of Bias Assessment

The methodological quality of included studies was appraised
using an adapted ROBINS-I framework (Sterne et al., 2016).
Seven domains of bias were assessed: confounding, participant
selection, intervention classification, deviations from intended
interventions, missing data, outcome measurement, and selective
reporting. Studies were rated as low, moderate, or serious risk of
bias.

2.6. Data Synthesis and Analysis

A thematic synthesis was conducted to identify recurring critical
success factors (CSFs) and implementation barriers. This study
applied a random-effects meta-analysis to perform quantitative
synthesis, in accordance with Cochrane guidelines (Higgins &
Green, 2008). Odds ratios and prevalence rates were pooled, and
heterogeneity across studies was assessed using the 12 statistic and
Cochran’s Q test. Subgroup analyses were performed based on
technology type, geographic region, and sector. Potential
publication bias was evaluated using funnel plots and Egger’s
regression test (Egger et al., 1997).

3. Results

This section presents the results of the systematic literature
review and synthesis of empirical studies examining the
implementation of DEM. The results are organised into six main
components: study selection, study characteristics, risk of bias
assessment, identification of critical success factors (CSFs),
analysis of implementation barriers, and subgroup analysis. Each
set of findings is supported by visual evidence presented in the
corresponding figures.

3.1. Study Selection

The database search initially identified 1,247 records. After the
removal of 312 duplicates, 935 articles remained for title and
abstract screening. Of these, 846 records were excluded as they
fell outside the scope of digital facilities management
implementation. A total of 89 articles underwent full-text
review, of which 42 were excluded due to insufficient
methodological detail or lack of relevance to the FM domain.
Ultimately, 47 studies were included in the final analysis.

The selection process is depicted in the PRISMA flow diagram
(Figure 1). This figure demonstrates that the review followed a
systematic and transparent process consistent with PRISMA 2020
guidelines. By presenting each stage of screening, from
identification to inclusion, the figure confirms that only high-
quality and relevant studies were retained. The structured
selection process also highlights the rigor of the review, assuring
readers that the dataset is both comprehensive and

methodologically sound.
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Identification

Records identified from databases (n=1247)
Duplicates removed (n=312)

Screening

Records screened (n =935)
Records excluded (n = 846)

NS

Eligibility

Full-text articles assessed (n = 89)
Full-text articles excluded (n = 42)

Included

Studies included in review (n = 47)

Figure 1. PRISMA Flow Diagram of study selection process

3.2.  Study Characteristics

The included 47 studies span the years 2018 to 2024, with the
majority clustered between 2022 and 2023, reflecting the
growing global momentum of DFM adoption in recent years.
Although the literature search covered the period from 1990 to
2025, empirical studies that met the inclusion criteria were

predominantly published after 2018, corresponding to the

Studies by Geographic Region (n=47)

Studies by Industry Sector
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relatively recent maturity and widespread application of digital
technologies in facilities management. Geographically, Asia-
Pacific accounted for the highest proportion (32%), followed by
Africa (26%), Europe (17%), North America (13%), the Middle
East (9%), and South America (4%). This distribution is

illustrated in Figure 2.

Digital FM Research: Temporal Trends Analysis
Digital FM Research Publication Trends (2018-2024)

Number of Studies by Technology Type

& “ &
ol A #

Figure 2. Distribution of included studies by technology type and region

The figure shows not only the geographic spread but also the
concentration of research in emerging economies where digital
adoption in FM is gaining traction. For instance, Asia-Pacific and
often  highlighted

infrastructure readiness, while European studies emphasized

African  studies cost-effectiveness  and
regulatory compliance and sustainability. North American
publications were fewer in number but tended to focus on
innovation and scalability. This variation suggests that contextual

drivers strongly shape research priorities in different regions.

From a technological perspective, IoT and smart building systems
dominated (26%), followed by data analytics (19%), BIM-FM
(17%), AI/ML (13%), Digital Twins (11%), CMMS/CAFM
(9%), and energy management systems (6%). As seen in Figure
2, 10T has become the leading research domain because of its real-
time monitoring capabilities and applicability across multiple
sectors. In contrast, Al/ML and Digital Twin technologies, while
less frequent, reflect cutting-edge innovations that may represent
the future trajectory of FM research.
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3.3.  Risk of Bias Assessment

The methodological quality of the included studies was evaluated
using an adapted ROBINS-I framework. As shown in Figure 3,

17% of the studies were categorized as low risk of bias, 66% as
moderate, and 17% as serious.

Study Quality Assessment Summary

Overall Study Quality (ROBINS-I Adapted)

Low Risk
(17%)

Serious Risk
(17%)

Moderate Risk
(66%)

Number of Studies

40

30
20
10

0

Risk of Bias by Domain

-
= Risk
- sk

f&"

éco“

&
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Figure 3. Risk of bias assessment across included studies

The chart
methodologically

that while most studies

acceptable,

indicates were

concerns remain regarding
selection bias and reliance on self-reported data. For example,
many surveys in FM contexts used convenience sampling, raising
questions about representativeness. Similarly, studies relying on
practitioner perceptions rather than objective performance data
may have introduced subjectivity. Nevertheless, the dominance
of “moderate risk” rather than “serious risk” suggests that the
evidence base, while not without limitations, is adequate to
support synthesis.

3.4.  Critical Success Factors (CSFs)

The review identified 25 distinct CSFs. Of these, 15 were
consistently reported across multiple studies. These factors were
organized into three tiers: universal, technology-specific, and
context-specific.

Forest Plot: Critical Success Factors (Meta-Analysis Results)

Leadership Support ——
Training & Education —_—
Stakeholder Engagement —_—
Technical Infrastructure -
Data Quality ———r——
System Interoperability T
Implementation Strategy —
Financial Investment —_—
Vendor Partnership -
Pilot Project P
Performance Measurement|f —————&———
Change
Regulatory Ali
30 40 50 60 70 80 90

Prevalence (%)

Figure 4 illustrates the percentage of studies reporting each
critical success factor across the 47 reviewed articles. Universal
factors such as leadership support (89%), training and education
(83%), and stakeholder engagement (77%) were most frequently
identified, indicating their central role in successful digital
facilities management implementation. Technology-specific
factors, including technical infrastructure, interoperability, and
data quality management, were reported in approximately 60—
70% of studies, reflecting their importance in BIM-FM, IoT, and
digital twin contexts. In contrast, context-specific factors such as
vendor partnerships, pilot projects, regulatory alignment, and
budget adequacy were less frequently cited, suggesting that their
influence is more dependent on organisational or regional

conditions.

Critical Success Factors Hierarchy

TIER 1: Universal Success Factors (>75% prevalence)

75% prevalence)

TIER 3: Context-Specific Factors (20-40% prevalence)

Vendor Panmership (51%) « Poc Projects (494%) « Periomance Memics {3436)
Change Management (35%) » Reguiatory Aligrment (38%)

IMPLEMENTATION GUIDANCE

Figure 4. Prevalence of critical success factors (CSFs) in DFM implementation.
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Figure 5 presents the pooled odds ratios and corresponding 95%
confidence intervals for each critical success factor included in the
meta-analysis. Universal factors, including leadership support,
training programs, and stakeholder engagement, exhibit the
highest effect sizes and are statistically significant, with odds ratios
0f 29.6,13.7, and 9.3, respectively. Technology-specific factors,
including technical infrastructure, data quality management, and
change management, are also statistically significant but

demonstrate lower effect sizes, with odds ratios ranging from 4.1

Forest Plot of Critical Success Factors (CSFs)

Leadership Support

Training Programs
Stakeholder Engagement
Technical Infrastructure
Data Quality Management

Change Management

to 5.8. In contrast, context-specific factors such as pilot testing,
vendor support, budget adequacy, and performance metrics show
odds ratios between 1.8 and 2.4, with confidence intervals
crossing the null value (OR = 1), indicating a lack of statistical
significance. The vertical dashed line at OR = 1 represents the
point of no effect.

Success Factor SuccessRate | SuccessRate | OddsRatio 95%Cl pvalue | Significant
(With Factor) | (Without Factor) (Lower-Upper)

Leadership Support 88.10% 20.00% 296 [2.73, 320.48] 0.0032 Yes
Training Programs 82.10% 25.00% 1371 [2.27,62.73) 00033 Yes
77.80% 27.30% 9.33 [2.00, 43.63) 0.0036 Yes

Technical Infrastructure 74.30% 33.30% 5.78 [1.40, 23.89] 0.0165 Yes
Data Quality Management 72.70% 35.70% 438 [1.26,18.24) 00241 Yes
Change 71.00% 37.50% 4.07 [1.14, 14.58] 0.0339 Yes
Pilot Testing 66.70% 45.00% 2.44 [0.74,8.04) 0.2324 No
Vendor Support 65.50% 44.40% 237 [0.71,7.92] 0.2264 No
Budget Adequacy 65.20% 50.00% 188 [0.58, 6.06] 0.3801 No
Metrics 64.00% 50.00% 178 [0.55,5.72] 0.386 No

Pilot Testing —_——
Vendor Support —t——
Budget Adequacy ——————
Performance Metricsfp ———&——
10° 10* 10°

QOdds Ratio (log scale)

Figure 5. Odds ratio of critical success factors (CSFs) in DFM implementation

3.5. Implementation Barriers

Barriers were categorized into primary and secondary levels. As
illustrated in Figure 6, the three most common barriers were high
implementation cost (85%), lack of technical expertise (79%),
and resistance to change (74%). These barriers consistently
appeared across all regions and technology types, suggesting they
represent global challenges in DFM transformation. Secondary
barriers included integration complexity (66%), data security
concerns (62%), inadequate infrastructure (57%), vendor lock-

in (53%), poor data quality (51%), and unclear ROI (49%). The
figure shows a clear hierarchy: financial and human capacity issues
dominate at the top, while technical and contextual challenges
follow.

Importantly, Figure 6 demonstrates that while cost remains the
most immediate obstacle, cultural resistance to change and
technical expertise shortages are equally decisive in determining
project outcomes. This finding reinforces the notion that digital
transformation in FM is not only a technological exercise but also
a socio—organizational Change process.
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Digital FM Implementation Barriers Analysis
Primary implementation Barriers (% Prevalence)

Barrier Impact by Technology Type

i

[

Barriers - Meta-Analysis Results
Infrastiucture | @ | 57% (47-66)
Security | & 62% (52-71)
Integration [} @ { 66 (56-75)
Resistance ; o { 74% (65-82)
Expertise Gap | ——— 79% (71-85)
High Costs e 85% (78-90)
40 50 60 80 %0 100

70
Prevalence (%) with 95% C1

Figure 6. Reported barriers to DFM implementation

3.6.  Subgroup Analysis

Figure 6 highlights the subgroup variations across both technology

type and geographic region.

Technology-specific findings:

®  BIM-FM: interoperability and stakeholder engagement were
essential due to the need to link design data with operational
systems.

®  [oT: infrastructure readiness and cybersecurity emerged as
critical, reflecting dependence on real-time connectivity.

®  AI/ML: data quality and technical expertise were dominant,
emphasizing the need for robust datasets and analytical
capacity.

®  Digital Twins: required clear use case definition and financial
justification, reflecting their high development and
integration costs.

Regional variations:

®  Asia-Pacific: prioritized cost-effectiveness and government-
driven adoption.

®  Europe: emphasized regulatory compliance and sustainability
targets.

®  North America: highlighted scalability, innovation, and
competitive advantage.

The visual comparison in Figure 6 makes clear that while some

CSFs and barriers are universal, contextual differences

significantly influence adoption strategies. For example,

infrastructure readiness is more critical in developing regions,

while regulatory compliance dominates in Europe. These

differences suggest that implementation frameworks must be

tailored, rather than applying a one-size-fits-all model.

4. Discussion

This chapter interprets the findings of the systematic review and
meta-analysis, connecting them with broader literature and
theoretical frameworks. The discussion emphasizes three main
strands: principal results, technology-specific patterns, and
geographic or cultural differences. It also reflects on the practical
implications for facility management practitioners, vendors, and
policymakers, while outlining the theoretical contributions to
technology adoption research.

4.1. Principal Findings

This systematic review synthesizes evidence from forty-seven
studies and establishes a hierarchical structure of critical success
factors (CSFs) grouped into universal drivers, technology-specific
enablers, and context-related conditions. At the universal level,
three factors were consistently the most influential. Leadership
support, cited in 89 percent of studies, increased the likelihood
of successful implementation almost thirty times (OR = 29.6,
95% CI: 2.73-320.48, p < 0.01).

Training and education initiatives, reported in 83 percent of
cases, improved the odds by more than thirteenfold (OR = 13.7,
95% CI: 2.27-82.73, p < 0.01). Stakeholder engagement,
highlighted in 77 percent of studies, raised the probability of
success more than ninefold (OR = 9.3, 95% CI: 2.00-43.63, p
<0.01).

The relatively wide confidence intervals observed for some high-
effect CSFs reflect heterogeneity in study designs, organizational
contexts, and technological applications, which is common in
meta-analyses of emerging and multidisciplinary research

domains such as digital facilities management.
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Critical Success Factors Hierarchy

TIER 1: Universal Success Factors (>75% prevalence)

Leadership Support (89%) » Training Programs (83%) » Stakeholder Engagement (77%)

TIER 2: Technology-Specific Factors (40-75% prevalence)

Technical Infrastre

Impleme

« Interoperability (60%)
nning (55%)

TIER 3: Context-Specific Factors (20-40% prevalence)

Veendor Partnership (51%) + Pilot Projects (49%) * Performance Metrics (34%)
Change Management (36%) « Regulatory Alignment (38%)

IMPLEMENTATION GUIDANCE

Tier 1; Essential for all implementations = Tier 2: Technology-dependent priorities

Tier 3: Adapt based on organizational context and sector requirements

Figure 7. Hierarchical structure of CSF.

Technology-related ~ determinants were also statistically
significant. Infrastructure readiness (OR = 5.78, 95% CI: 1.40—
23.89, p < 0.05), data quality management (OR = 4.80, 95%
CL: 1.26-18.24, p < 0.05), and change management (OR =
4.07, 95% CI: 1.14-14.58, p < 0.05) all showed robust
contributions. In contrast, context-specific conditions such as
pilot projects (OR = 2.44, 95% CI: 0.74—8.04), vendor support
(OR =2.37,95% CI: 0.71-7.92), budget adequacy (OR = 1.88,
95% CI: 0.58-6.06), and performance metrics (OR = 1.78, 95%
CI: 0.55-5.72) did not achieve statistical significance, despite
being referenced in several studies.

Collectively, the results confirm that organizational enablers,
namely leadership, training, and stakeholder involvement,
remain the strongest predictors of success. Technology factors
provide additional support, while contextual factors exert weaker
influence. The hierarchical grouping of these critical success
factors is illustrated in Figure 7, which presents a structured
framework comprising universal, technology-specific, and
context-related enablers. Technology-Specific Insights

The analysis of individual technologies reveals further
distinctions. In BIM for FM implementations, collaboration and
interoperability were most critical. Odds ratio analysis confirmed
that stakeholder engagement increased the likelihood of success
by more than ninefold (OR = 9.33, 95% CI: 2.00-43.63, p <
0.01). For IoT systems, infrastructure readiness and data security
were decisive. Infrastructure readiness was highlighted in 92
percent of IoT studies and proved statistically significant (OR =
5.78,95% CI: 1.40-23.89, p < 0.05).

Al and ML adoption presented a different pattern. Data quality
was emphasized in every Al and ML study (100 percent) and
showed a significant effect (OR = 4.80, 95% CI: 1.26-18.24, p
< 0.05). This confirms that high-quality datasets are

indispensable for reliable predictions and insights. In Digital Twin
implementations, the literature stressed the importance of clear
use case definition (100 percent) and financial justification (80
percent). However, statistical analysis showed that pilot testing
(OR = 2.44, 95% CI: 0.74-8.04) and budget adequacy (OR =
1.88, 95% CI: 0.58—6.06) were not significant. These findings
suggest that while contextual elements guide early adoption, they
are not decisive for long-term outcomes.

4.2.  Geographic and Cultural Considerations

The synthesis also identified regional differences in adoption
priorities. In Asia-Pacific, cost effectiveness and government
support were often the strongest motivators (Oluleye et al.,
2021). In Europe, regulatory compliance and sustainability
pressures shaped adoption strategies (European Commission,
2020). North American studies emphasized scalability,
innovation, and competitive advantage (Brynjolfsson & Hitt,
2000). Despite these contextual variations, the odds ratio
evidence demonstrated that universal CSFs retained their
statistical strength across regions. Leadership (OR = 29.6, p <
0.01), training (OR = 13.7, p < 0.01), and stakeholder
engagement (OR = 9.3, p < 0.01) remained decisive predictors
of success regardless of location.

4.3. Implementation Barriers and Risk Management

Barriers to adoption were consistently identified. The most
prominent were high implementation costs (85 percent),
shortage of technical expertise (79 percent), and resistance to
change (74 percent). Secondary obstacles included system
integration complexity (66 percent), data security concerns (62
percent), inadequate infrastructure (57 percent), vendor lock-in
(53 percent), poor data quality (51 percent), and unclear return
on investment (49 percent). These results highlight that
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organizational capacity and financial constraints remain dominant
challenges, while technical and contextual barriers play
supporting roles. Importantly, the evidence shows that digital
transformation in facilities management should not be regarded
purely as a technological exercise but as a socio-organizational
process requiring effective risk management, phased rollouts, and
strong business cases. These findings are summarized in Figure 8,
which provides a comparative visualization of primary and
secondary barriers, highlighting the predominance of financial
and human capacity issues over technical or contextual obstacles.

4.4. Implications for Practice

In operational terms, the results highlight several priorities for
facilities management practice. Leadership support, cited in 89
percent of studies and linked to a twenty-nine-fold increase in
implementation success (OR = 29.6, 95% CI: 2.73-320.48, p <
0.01), underscores the importance of visible executive
sponsorship for digital initiatives. Training initiatives, reported in
83 percent of the evidence base and associated with a thirteen-
fold improvement in outcomes (OR = 13.7, 95% CI: 2.27—
82.73, p < 0.01), confirm that systematic investment in human
capital is decisive. Stakeholder engagement, emphasized in 77
percent of studies and enhancing the likelihood of success more
than ninefold (OR = 9.3, 95% CI: 2.00—43.63, p < 0.01),
further demonstrates that collaborative strategies across
organizational boundaries are essential for sustaining DFM
adoption.

Digital FM Implementation Barriers Analysis
Primary Implementation Barriers (% Prevalence)

Poor Infrastructure

Security Concerns

System Integration

Resistance to Change

Technical Expertise Gap

High Costs

Prevalence (%)

Figure 8. DFM Implementation Barriers Analysis

Technology-related  elements  also  warrant  attention.
Infrastructure readiness (OR = 5.78, 95% CI: 1.40-23.89, p <
0.05), data quality management (OR = 4.80, 95% CI: 1.26—
18.24, p < 0.05), and change management (OR =4.07, 95% CI:
1.14-14.58, p < 0.05) emerged as statistically significant
contributors. These results indicate that investment in technical
platforms should be complemented by effective information
governance and organisational adaptability. Accordingly,
practitioners are advised to design implementation programmes
that combine strong technical foundations with executive
sponsorship,  sustained training investment, and active
stakeholder participation.

4.5.  Theoretical Implications

The findings conceptually enhance established models of
technology adoption by integrating them into the realm of
facilities management. The Technology Acceptance Model
(TAM), the Technology—Organization—Environment framework

(TOE), and the Diffusion of Innovation theory (DOI) all
emphasize the role of user perceptions, organizational structures,
and external pressures. This review enriches those frameworks
with empirical evidence showing that organizational enablers
carry the strongest statistical weight. Leadership support (OR =
29.6), training (OR = 13.7), and stakeholder engagement (OR
= 9.3) not only confirm change management theories (Kotter,
1995, 2012) but also highlight the distinctiveness of FM as a
multidisciplinary, asset-intensive field.

Technology-specific determinants, particularly infrastructure
readiness (OR = 5.8) and data quality (OR = 4.8), reinforce
socio-technical perspectives and align with prior research on IoT
and digital twin adoption. By contrast, the weaker significance of
context-related factors such as pilot testing and budget adequacy
suggests that financial and procedural enablers function more as
supportive conditions rather than decisive predictors. These
insights refine existing theories by demonstrating that, in FM
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contexts, organizational and technical foundations outweigh
contextual considerations in driving digital transformation.

This study extends established technology adoption frameworks
such as the Technology Acceptance Model (TAM), the
Technology—Organization—Environment (TOE) framework, and
Diffusion of Innovation (DOI) theory by operationalising them
within the asset-intensive and multidisciplinary context of
facilities management. While these models emphasise user
perceptions, organisational ~readiness, and environmental
pressures, the hierarchical CSF structure derived from this meta-
analysis demonstrates that organisational enablers, particularly
leadership support, training, and stakeholder engagement, exert
substantially greater influence on digital facilities management
implementation outcomes than technological factors alone. By
empirically quantifying these relationships, the study provides a
context-specific refinement of adoption theory that reflects the
long-term, cross-functional, and operationally embedded nature
of facilities management practice

5. Conclusions

This systematic review and meta-analysis synthesized evidence
from 47 studies to identify critical success factors (CSFs) for DFM
implementation. The findings demonstrate that organizational
enablers, particularly leadership support (OR = 29.6), training
programs (OR = 13.7), and stakeholder engagement (OR =
9.3), are the most decisive predictors of success. Technology-
specific factors, including infrastructure readiness, data quality,
and change management, were also statistically significant,
whereas context-specific factors such as pilot testing, vendor
support, and budget adequacy showed weaker or non-significant
effects. Taken together, the results emphasize that DFM
transformation cannot be achieved through technology
investment alone; it also requires strong leadership commitment,
continuous skill development, and active collaboration among
stakeholders.

From a practical standpoint, these findings provide a clear
roadmap for adoption. Practitioners are encouraged to secure
executive sponsorship, allocate sufficient resources for training,
and strengthen data governance practices. Vendors should
prioritize interoperability and embed both training and change
management into their solutions. At the policy level,
governments can facilitate adoption by investing in infrastructure,
broadening professional education, and introducing incentive
schemes.

This study has several limitations that should be acknowledged
when interpreting the findings. From a methodological
perspective, the meta-analysis relied on aggregated, study-level
data rather than project-level or organisational-level datasets. As
such, the estimated odds ratios reflect overall trends across
studies and may not capture fine-grained variations in
implementation practices within individual organisations or
projects. In addition, although a random-effects model was
applied to account for heterogeneity, differences in study design,
measurement approaches, and contextual settings may have
contributed to variability in effect sizes.

From a literature-driven perspective, the available evidence base
remains constrained by the nature of existing research in digital
facilities management. Most empirical studies are cross-sectional
and rely heavily on self-reported perceptions, with limited
availability ~ of  longitudinal  investigations  that  track
implementation outcomes over time. Furthermore, the synthesis
was restricted to peer-reviewed publications in English, which
may have excluded relevant industry reports or non-English
studies. These limitations highlight the need for future research
to incorporate longitudinal case studies, richer project-level data,
and mixed-method approaches to further validate and extend the

proposed CSF framework.

Taken together, the findings of this review establish a statistically
grounded framework for DFM implementation. The study
extends existing technology adoption models by situating them
within the facilities management domain and contributes both
theoretical enrichment and practical guidance for stakeholders
working to advance digital transformation.
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