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Abstract- Near-miss and hazard observation data have
emerged as critical sources of information for enhancing
industrial safety management, providing early indicators
of potential incidents before they escalate into accidents.
This systematic review examines the current state of
research on the collection, analysis, and utilization of
near-miss and hazard observation data across diverse
industrial sectors, including energy, manufacturing,
construction, and chemical processing. The review
identifies methodologies for capturing such data, ranging
from manual reporting and digital logging systems to
mobile and IoT-enabled platforms, and evaluates their
effectiveness in informing risk assessment, safety
interventions, and organizational learning. Findings
indicate that systematic use of near-miss data supports
predictive and preventive safety strategies, enabling
organizations to identify recurrent hazards, prioritize risk
mitigation efforts, and implement targeted operational
controls. Integration of hazard observation data into safety
management systems enhances situational awareness,
facilitates feedback loops, and strengthens safety culture
by promoting proactive reporting and continuous learning.
The review also highlights challenges associated with data
quality, underreporting, standardization, and integration
across multi-contractor environments, emphasizing the
need for robust governance structures and digital tools to
support reliable data capture, analysis, and decision-
making. Emerging trends include the application of data
analytics, machine learning, and visualization techniques
to transform near-miss data into actionable insights,
enabling scenario-based risk assessment and real-time
decision support. Cross-sector benchmarking and
standardized frameworks for data categorization, severity
scoring, and incident linkage further enhance the utility of
these datasets in reducing workplace accidents and
improving compliance. This review demonstrates that
systematic utilization of near-miss and hazard observation
data is a strategic enabler of proactive safety management,
contributing to reduced incident frequency, enhanced
operational reliability, and strengthened governance in
industrial operations. Recommendations for future
research include exploring predictive models, integrating
multi-source datasets, and developing industry-wide
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standards to optimize the value of near-miss data for safety
decision-making.
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L INTRODUCTION

Industrial operations are inherently complex and high-
risk, encompassing sectors such as manufacturing,
construction, energy, and chemical processing. In
these environments, occupational safety is critical not
only to protect workers but also to maintain
operational continuity, regulatory compliance, and
organizational reputation (Yeboah and Enow, 2018;
Ugwu-Oju et al., 2018). Traditional approaches to
safety management have often focused on reactive
measures, responding to incidents after they occur.
However, in recent decades, the reporting and analysis
of near-misses and hazard observations has emerged
as a pivotal component of proactive safety
management (Oshomegie, 2018; Badmus and
Olamide, 2018). Near-miss events—situations where
an accident was narrowly avoided and hazard
observations provide valuable insights into latent
system vulnerabilities, unsafe conditions, and process
inefficiencies before they result in harm (Seyi-Lande
et al., 2018; Olamide and Badmus, 2018).

The growing emphasis on proactive safety
management reflects a paradigm shift from reliance on
lagging indicators, such as injury frequency or lost-
time incidents, toward leading indicators that can
predict and prevent future accidents (Zurak, 2018;
Akhtar, 2018). Near-miss and hazard observation data
serve as early-warning signals, revealing patterns of
unsafe behavior, procedural deficiencies, equipment
vulnerabilities, and organizational weaknesses. These
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data enable safety managers to identify recurrent
hazards, prioritize interventions, and implement
corrective actions before incidents escalate, thereby
reducing both human and operational risk (Gnoni and
Saleh, 2017; Shi et al., 2017). The value of such data
lies in its capacity to illuminate systemic safety
weaknesses that are often invisible in traditional
incident-based reporting systems.

Despite the recognized importance of near-miss
reporting, these data remain underutilized in industrial
practice. Barriers include inconsistent reporting
mechanisms, lack of standardization in data collection,
organizational culture that discourages reporting, and
limited analytical capabilities for transforming raw
observations into actionable insights (Darveau and
Hannon, 2017; Callahan et al., 2017). Consequently,
many organizations fail to capitalize on the potential
of near-miss and hazard observation data for risk
reduction, continuous learning, and predictive safety
planning. Addressing this gap requires systematic
examination of how data are collected, analyzed, and
applied across different industrial contexts, as well as
identification of best practices and technological
enablers for effective utilization (Liao et al., 2017,
Mikalef et al., 2018).

The objective of this systematic review is to synthesize
current evidence on the utilization of near-miss and
hazard observation data in industrial safety
management. The review aims to assess methods for
data capture, analytical approaches, integration into
safety management systems, and the resulting impact
on organizational safety performance. Specific
research questions include: How are near-miss and
hazard observation data collected and standardized?
To what extent are these data integrated into predictive
and preventive safety strategies? What challenges and
opportunities exist for improving data utilization
across industries?

By addressing these questions, this review contributes
to both the academic and practical domains of
occupational safety. It provides evidence-based
insights into how organizations can leverage near-miss
and hazard observation data to enhance proactive risk
management, strengthen safety culture, and improve
operational reliability. The findings aim to guide
safety professionals, managers, and policymakers in
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designing more effective, data-driven approaches to
industrial safety management, ultimately reducing
incident frequency and mitigating risks in high-hazard
environments.

II. METHODOLOGY

Inclusion criteria were defined to select peer-reviewed
articles, conference proceedings, and industry reports
that addressed the collection, analysis, and utilization
of near-miss or hazard observation data in industrial
settings. Studies were included if they provided
empirical evidence, case studies, or conceptual
frameworks relevant to occupational safety and risk
management. Exclusion criteria removed publications
not focused on industrial applications, studies lacking
substantive methodological detail, and non-English
language articles.

The initial search identified 1,452 records. After
removing duplicates, 1,130 unique publications were
screened based on titles and abstracts. Studies not
directly related to near-miss or hazard observation
utilization were excluded, resulting in 214 articles for
full-text review. Full-text assessment applied the
inclusion and exclusion criteria rigorously, yielding 87
studies suitable for synthesis.

Data extraction was performed using a standardized
form, capturing information on study objectives,
industrial sector, data collection methods, analytical
approaches, risk management interventions, and
reported outcomes. The quality of each study was
assessed using a modified critical appraisal tool,
evaluating methodological rigor, relevance, and
transparency.

A narrative synthesis was employed to analyze
patterns across studies, emphasizing approaches for
near-miss and hazard observation data integration into
safety management systems, predictive and preventive
applications, and challenges such as underreporting,
standardization, and multi-contractor environments.
Emerging technological solutions, including digital
platforms and analytics, were also highlighted to
inform future research and practical implementation
strategies in industrial safety management.
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2.1 Conceptual and Theoretical Background

Near-miss and hazard observation reporting has
become a cornerstone of proactive industrial safety
management, reflecting a shift from reactive incident-
based strategies toward predictive and preventive
approaches. Understanding the conceptual and
theoretical foundations of near-miss utilization is
essential for designing effective safety systems that
leverage these data for continuous improvement
(Ahmed and Odejobi, 2018; Ugwu-Oju et al., 2018).
This explores the definitions and classifications of
near-misses, the theoretical frameworks underpinning
near-miss analysis, and the role of leading indicators
in enhancing organizational safety performance.

A near-miss is defined as an unplanned event that did
not result in injury, illness, or damage but had the
potential to do so wunder slightly different
circumstances. Near-misses are distinct from unsafe
acts, which are deviations from prescribed procedures
by personnel, and unsafe conditions, which are
environmental or equipment-related factors that
increase the risk of incidents. Hazards are sources of
potential harm that may or may not be immediately
apparent. Proper classification is critical, as it allows
safety professionals to distinguish between events,
conditions, and actions that require intervention,
enabling targeted risk control (Kumar et al., 2016;
Hollnagel, 2018).

An important aspect of near-misses is the
differentiation between severity potential and actual
outcome. A near-miss may have avoided severe
consequences by chance rather than by effective
control measures, highlighting latent vulnerabilities
within the system. This distinction emphasizes the
value of near-miss data as an early-warning
mechanism, providing insights into the potential for
serious incidents even in the absence of tangible harm
(Cooper, 2018; McFarlane et al., 2018).

Several theoretical models inform the interpretation
and application of near-miss data. Heinrich’s Safety
Pyramid posits that minor incidents and near-misses
far outnumber major accidents, suggesting that
reducing lower-severity events can prevent severe
outcomes. While influential, this model has been
critiqued for oversimplifying causal pathways and
assuming proportional relationships between incident
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types. Complementing this, Reason’s Swiss Cheese
Model emphasizes system-level vulnerabilities,
illustrating how latent failures, procedural gaps, and
active errors align to allow accidents to occur. Near-
miss reporting helps identify these latent failures
before alignment leads to harm.

Resilience Engineering and Safety-II perspectives
expand the focus from preventing failures to
understanding how systems succeed under variable
conditions. Near-misses are analyzed not only as
precursors to accidents but also as indicators of system
resilience, revealing how processes adapt and recover
under stress. Similarly, High Reliability Organization
(HRO) principles highlight the importance of
preoccupation with failure, sensitivity to operations,
and learning from small deviations, aligning closely
with near-miss utilization to prevent escalation into
major accidents (Seyi-Lande et al., 2018; Ugwu-Oju
etal., 2018).

Near-misses are considered leading indicators,
contrasting with lagging indicators such as injury
rates, lost-time incidents, or property damage. While
lagging indicators reflect past failures, leading
indicators provide predictive insight into emerging
risks. The predictive value of near-miss data lies in its
ability to reveal systemic weaknesses, unsafe
behaviors, and latent hazards before adverse outcomes
occur. By analyzing trends, frequency, and patterns of
near-miss events, organizations can anticipate
potential failures and implement preventive measures.

Moreover, near-miss and hazard observation reporting
facilitates organizational learning and weak signal
detection. Aggregated and analyzed systematically,
these data highlight subtle deviations, recurring
patterns, or contextual factors that may not be evident
through conventional reporting (Rao et al., 2017;
Brown et al., 2018). This continuous learning process
strengthens safety culture, enhances proactive risk
mitigation, and supports adaptive decision-making
across operational and managerial levels.

The conceptual and theoretical foundations of near-
miss and hazard observation reporting underscore its
central role in modern industrial safety management.
Clear definitions, distinctions between hazards, unsafe
acts, and near-misses, and the differentiation between
severity potential and actual outcomes provide a
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structured basis for data collection and analysis.
Theoretical ~ frameworks including  Heinrich’s
Pyramid, Reason’s Swiss Cheese Model, Resilience
Engineering, and HRO principles inform how near-
misses are interpreted and applied to risk management.
As leading indicators, near-misses enable predictive
insights, weak signal detection, and continuous
organizational learning, moving safety management
from a reactive to a proactive paradigm (Casey ef al.,
2017; Pariés and Wreathall, 2017). Together, these
concepts and theories provide a robust foundation for
integrating near-miss and hazard observation data into
evidence-based, resilient, and adaptive safety
management practices across industrial environments.

2.2 Data Extraction and Synthesis Approach

The systematic review of near-miss and hazard
observation data in industrial safety management
relied on a structured data extraction and synthesis
approach to ensure that insights were robust,
comprehensive, and applicable across diverse
operational contexts. This process involved collating
study characteristics, analyzing the types of near-miss
and hazard data collected, evaluating how data were
utilized, and assessing reported safety performance
outcomes (Badmus and Olamide, 2018; Ugwu-Oju et
al., 2018). Both qualitative and quantitative synthesis
techniques were employed to integrate findings across
studies, providing a holistic understanding of near-
miss utilization in industrial safety systems.

The review encompassed a range of studies spanning
multiple industrial sectors, including construction,
energy production, chemical processing,
manufacturing, and mining. Studies were selected
based on relevance to near-miss and hazard
observation data  utilization, methodological
transparency, and evidence of application in
operational safety management. Characteristics
extracted included publication year, country or
regional context, industrial setting, sample size, data
collection methods, and the type of safety
management system implemented (Shi et al., 2017;
Cornelissen et al., 2017). This contextual information
facilitated understanding of how sector-specific
hazards, workforce composition, and regulatory
environments influence near-miss reporting practices
and data utilization.
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The studies reported diverse types of data, ranging
from incident-adjacent near-misses, unsafe acts, and
unsafe conditions to more formal hazard observations.
Some studies focused on behavioral deviations, such
as non-compliance with safety procedures, while
others analyzed environmental or equipment-related
hazards, including defective machinery or unsafe site
conditions. Several studies combined these categories,
capturing both human and systemic contributors to
potential incidents. Data sources included manual
reporting forms, digital logbooks, mobile applications,
and loT-enabled monitoring platforms, reflecting
increasing adoption of technology-enhanced data
capture in modern industrial environments (Zhang et
al., 2018; El-Sappagh et al., 2018).

The extracted studies demonstrated multiple
approaches to utilizing near-miss and hazard
observation data. Common applications included
aggregation and trend analysis to identify recurrent
hazards, prioritization of safety interventions based on
severity potential, and integration into risk assessment
frameworks (Favaro and Saleh, 2016; Erbis et al.,
2016). Predictive analytics were employed in some
studies to forecast high-risk operations or worker
groups, enabling preemptive mitigation measures.
Other studies emphasized feedback loops, where near-
miss data informed training programs, policy
refinement, and continuous improvement initiatives.
The integration of data into occupational health and
safety management systems (OHSMS) was
highlighted as a key mechanism to ensure structured
reporting, accountability, and escalation pathways for
hazard mitigation.

Across the studies, near-miss and hazard observation
data were associated with measurable improvements
in safety performance. Outcomes included reductions
in injury rates, lost-time incidents, and accident
severity, as well as enhanced compliance with safety
procedures. Several studies noted improvements in
organizational learning, demonstrated by increased
reporting rates, identification of latent hazards, and
iterative refinement of preventive measures (Edwards,
2017, Stemn et al., 2018). The findings also
underscored the value of near-miss data in supporting
leading indicators of safety, enabling proactive
interventions and risk prioritization before adverse
events occur. While quantitative outcomes were
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reported in terms of frequency reduction or incident
avoidance, qualitative benefits included heightened
safety culture, workforce engagement, and managerial
situational awareness.

The review employed a mixed-method synthesis
approach to integrate findings. Quantitative data, such
as near-miss frequency, incident reduction
percentages, and risk scores, were tabulated, compared
across studies, and analyzed to identify trends and
patterns. Where statistical analyses were available,
effect sizes and correlations between near-miss
reporting and safety outcomes were noted. Qualitative
data were synthesized thematically, capturing
organizational practices, barriers to reporting,
technology adoption, and behavioral aspects
influencing near-miss utilization. The combination of
qualitative and quantitative synthesis allowed for a
comprehensive understanding of both measurable
outcomes and contextual factors influencing
effectiveness, providing actionable insights for safety
managers, policymakers, and researchers (Schick-
Makaroff et al., 2016; Tricco et al., 2016).

The data extraction and synthesis approach facilitated
a systematic evaluation of near-miss and hazard
observation  utilization in industrial safety
management. By examining study characteristics,
categorizing data types, analyzing methods of
utilization, and assessing safety performance
outcomes, the review provided a nuanced
understanding of the role these data play in proactive
risk management. The integration of qualitative and
quantitative synthesis methods enabled identification
of patterns, effectiveness trends, and contextual
challenges, reinforcing the value of near-miss
reporting as a strategic tool for continuous
improvement, predictive safety management, and
organizational learning in complex industrial
environments.

2.3 Classification of Near-Miss and Hazard Data
Utilization

The effective utilization of near-miss and hazard
observation data in industrial safety management
requires a multi-tiered approach, encompassing
operational, tactical, and strategic dimensions. Such a
classification ensures that safety interventions are
responsive, informed, and aligned with organizational
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objectives across all levels of decision-making
(Pilbeam et al., 2016; Scholl et al., 2018). By
systematically categorizing the ways in which these
data are applied, organizations can optimize their
predictive and preventive value, strengthen safety
culture, and enhance both workforce and operational
outcomes.

At the operational level, near-miss and hazard
observation data are leveraged to guide immediate
corrective actions, ensuring that risks identified in real
time are mitigated before escalation. For example,
when a near-miss is reported on a construction site due
to a loose scaffold or unsafe tool handling, frontline
supervisors can enact corrective measures, such as
equipment repair, hazard isolation, or temporary
suspension of tasks. This level of utilization
emphasizes task and process redesign, where recurring
near-misses may prompt modifications to workflow,
sequencing, or operational procedures to reduce
exposure to hazards.

Frontline supervision and work planning also benefit
from operational-level data. By integrating near-miss
reports into daily or weekly planning, supervisors can
adjust team assignments, allocate personnel with
appropriate  skills, and implement enhanced
monitoring for high-risk activities (Landon et a., 2016;
Bevilacqua and Ciarapica, 2018). This ensures that
safety considerations are embedded in real-time
operational decisions and that interventions are both
targeted and timely, reducing immediate exposure and
preventing potential incidents.

At the tactical and program level, near-miss and
hazard data are aggregated to identify trends, patterns,
and safety hotspots across sites, processes, or
departments. Trend analysis allows organizations to
detect recurring unsafe conditions or high-risk tasks,
enabling prioritization of interventions where they are
most needed. Tactical utilization often informs safety
campaigns, such as targeted awareness initiatives
focused on observed deficiencies or common
behaviors that contribute to near-misses.

Data also guide training and competency
development. Analysis of near-miss incidents can
highlight knowledge gaps, skill deficiencies, or
procedural misunderstandings among workers.
Training programs can then be tailored to address
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these specific risks, ensuring that employees are better
equipped to identify hazards, comply with protocols,
and respond effectively in high-risk situations. By
applying near-miss data at this level, organizations
move beyond reactive interventions toward systematic
improvement of workforce competence and
operational reliability (Thoroman et al., 2018; Anioke
and Atima, 2018).

At the strategic and governance level, near-miss and
hazard observation data inform policy refinement and
safety management system updates. Insights from
aggregated data may drive revisions to safety
protocols, regulatory compliance measures, and
corporate  risk  frameworks, ensuring that
organizational practices evolve with emerging
hazards. Risk prioritization and resource allocation are
also informed by these data, enabling executives to
invest in high-impact safety initiatives, engineering
controls, or staffing adjustments where the greatest
risk is identified.

Furthermore, near-miss data are increasingly
integrated into executive dashboards and leading Key
Performance Indicators (KPIs), providing decision-
makers with real-time visibility into safety trends,
emerging risks, and operational compliance. This
strategic utilization fosters a culture of data-driven
governance, enhancing accountability, transparency,
and proactive risk management at the highest
organizational levels. By embedding leading
indicators into corporate oversight, executives can
guide safety strategy, benchmark performance, and
align safety objectives with broader operational and
business goals (Gerbec and Konti¢, 2017; Moffatt-
Bruce et al., 2018).

The classification of near-miss and hazard observation
data utilization into operational, tactical, and strategic
levels provides a structured framework for applying
these insights effectively across industrial
organizations.  Operational-level use  enables
immediate corrective actions, task redesign, and
frontline supervision, addressing hazards in real time.
Tactical-level applications support trend analysis,
safety campaigns, and targeted training, enhancing
workforce competence and medium-term safety
performance. Strategic-level utilization informs policy
updates, resource allocation, and executive oversight,
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embedding predictive insights into organizational
governance and long-term risk management.
Collectively, this multi-level framework maximizes
the preventive, predictive, and strategic value of near-
miss and hazard data, reinforcing a proactive safety
culture, reducing incident rates, and supporting
resilient and efficient industrial operations.

2.4 Analytical Methods Applied to Near-Miss Data

The effective utilization of near-miss and hazard
observation data in industrial safety management
relies heavily on robust analytical methods that
transform raw reports into actionable insights. By
systematically analyzing near-miss data, organizations
can identify patterns of risk, uncover latent system
vulnerabilities, and implement targeted interventions
to prevent accidents. Analytical methods applied to
near-miss data can be broadly classified into
descriptive and statistical approaches, qualitative and
human factors analysis, and advanced data-driven
techniques, each offering unique insights into
operational, organizational, and systemic safety
challenges (Niedner, 2016; Gillespie and Reader,
2018).

Descriptive and statistical analyses are the most
widely used methods for evaluating near-miss data.
Frequency analysis involves counting the occurrence
of near-miss events over defined periods, across sites,
or within specific operational tasks. This provides an
initial understanding of hazard prevalence and
highlights areas requiring immediate attention.
Alongside frequency, severity potential assessments
classify near-misses according to the magnitude of
harm that could have occurred, providing a prioritized
view of critical risks. Trend analysis over time allows
safety managers to detect recurring hazards, emerging
risk patterns, and improvements or deteriorations in
safety performance.

Statistical methods further enhance the interpretive
value of near-miss data. Correlations between near-
miss events and actual incidents or injuries can be
calculated to assess predictive validity, revealing
whether certain types of near-misses reliably indicate
higher accident risk. Regression analyses may identify
contributing  factors, such as environmental
conditions, task complexity, or worker characteristics,
allowing for data-driven prioritization of interventions
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(Li et al., 2017; Tuli et al., 2018). These approaches
transform near-miss records into quantifiable metrics
that inform operational planning, resource allocation,
and strategic safety initiatives.

While quantitative analysis captures patterns and
trends, qualitative methods provide contextual
understanding of causal factors. Root cause analysis
(RCA) is a standard approach for examining
individual near-miss events, identifying underlying
causes rather than surface-level symptoms. RCA often
uncovers technical failures, procedural gaps, or
deviations in behavior that may otherwise remain
hidden.

Human factors frameworks, particularly the Human
Factors Analysis and Classification System (HFACS),
are widely applied to categorize near-misses according
to organizational, supervisory, and individual-level
factors. HFACS identifies active failures, latent
conditions, and unsafe acts, linking human
performance issues to systemic weaknesses. By
applying human factors analysis to near-miss reports,
organizations gain insight into behavioral and
organizational contributors to risk, enabling
interventions such as training programs, procedural
redesigns, or changes in supervision practices (Dillon
et al.,2016; Thoroman et al., 2018).

Recent advances in data-driven analytics have
expanded the scope of near-miss analysis, enabling
predictive, automated, and network-based approaches.
Predictive analytics and machine learning models can
analyze large datasets of near-miss events,
environmental conditions, and operational parameters
to forecast high-risk situations or vulnerable worker
populations. Algorithms can identify subtle patterns
and interactions that traditional statistical methods
may overlook, allowing proactive mitigation before
incidents occur.

Text mining and natural language processing (NLP)
techniques are increasingly applied to unstructured
near-miss reports, extracting key information from
free-text descriptions of events. NLP enables
categorization, sentiment analysis, and identification
of recurrent themes or hazards, enhancing both the
accuracy and completeness of analysis. Additionally,
network and systems-based analysis treats near-misses
as interconnected events within socio-technical
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systems, mapping relationships between tasks,
equipment, personnel, and environmental factors
(Goode et al., 2016; Sahay et al., 2017). Such network
modeling can reveal systemic vulnerabilities, failure
propagation pathways, and high-leverage points for
intervention.

A comprehensive near-miss data analysis strategy
often combines descriptive, qualitative, and advanced
techniques. Frequency and trend analyses identify
hotspots and priority areas, RCA and HFACS uncover
causal factors and human-system interactions, and
predictive or network-based methods anticipate future
risks and optimize preventive measures. This multi-
method approach ensures that near-miss data are not
merely recorded but systematically transformed into
actionable  knowledge that enhances safety
performance, organizational learning, and operational
resilience.

Analytical methods applied to near-miss and hazard
observation data are critical for transforming raw
safety reports into strategic insights. Descriptive and
statistical analyses provide
understanding of event frequency, severity potential,
and correlations with incidents. Qualitative and human
factors approaches, including RCA and HFACS,
elucidate underlying causes and organizational
contributors. Advanced techniques, such as machine
learning, NLP, and network analysis, extend
predictive and systemic capabilities, enabling
proactive risk management (Gonugunta and Leo,

foundational

2018; Parimi, 2018). By integrating these analytical
approaches, industrial organizations can leverage
near-miss data to anticipate hazards, strengthen safety
culture, and implement targeted, evidence-based
interventions, ultimately reducing accident rates and
enhancing operational reliability.

2.5 Organizational and Cultural Factors Influencing
Utilization

The successful utilization of near-miss and hazard
observation data in industrial safety management is
not solely dependent on the availability of data or
analytical methods; it is also profoundly shaped by
organizational and cultural factors. These elements
influence whether near-misses are reported accurately,
analyzed effectively, and integrated into actionable
safety interventions. Key factors include reporting
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culture and psychological safety, incentive structures,
leadership engagement, and data quality and
standardization challenges. Understanding these
dimensions is essential for maximizing the value of
near-miss data as leading indicators of system
vulnerability.

A robust reporting culture is fundamental to near-miss
utilization. Employees must perceive that reporting
hazards or near-misses is safe, valued, and impactful.
Psychological safety—the belief that one can voice
concerns or disclose errors without fear of
retaliation—is critical to fostering this environment. In
organizations where  workers fear  punitive
consequences, underreporting is common, and near-
miss data remain incomplete or biased. Conversely,
organizations that promote openness, trust, and shared
accountability encourage proactive identification of
hazards, enabling early intervention. Training,
communication campaigns, and visible
acknowledgment of reported near-misses reinforce a
culture of safety, ensuring that frontline personnel
view reporting as a core responsibility rather than a
discretionary task (Hart, 2016; Bive and Enbom,
2017).

Organizational practices around incentives and blame
significantly influence reporting behavior. Systems
that tie rewards solely to zero-incident performance
may inadvertently discourage near-miss reporting, as
employees may fear that reporting could reflect poorly
on individual or team performance. Similarly, blame-
oriented cultures amplify underreporting, eroding the
reliability of hazard observation data. Balanced
approaches, such as non-punitive reporting policies,
positive reinforcement for proactive safety behavior,
and recognition of near-miss contributions, have been
shown to increase reporting rates and data
completeness. Understanding these dynamics allows
organizations to design incentive structures that align
personal, team, and organizational safety goals,
thereby enhancing both participation and the
predictive value of collected data.

Leadership plays a pivotal role in translating near-miss
reporting into actionable outcomes. Engagement at all
management levels demonstrates commitment to
safety and reinforces organizational priorities. Leaders
who review reported near-misses, provide timely
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feedback, and implement visible corrective actions
create a feedback loop that validates reporting efforts
and strengthens trust. Supervisory engagement
ensures that frontline personnel perceive their
observations as meaningful and integrated into
operational decision-making. Feedback mechanisms,
including dashboards, safety meetings, and real-time
alerts, further reinforce a continuous learning
environment, where employees see tangible outcomes
from their contributions to safety data (Glowa and
Goodell, 2016; Buttigieg et al., 2017).

Even in organizations with strong reporting cultures,
the utility of near-miss data depends on data quality
and standardization. Inconsistent categorization of
hazards, incomplete descriptions, or varying severity
assessments reduce the reliability and comparability of
data across sites, departments, or projects. Developing
standardized taxonomies for near-misses, hazards, and
contributing factors is essential to support aggregation,
trend analysis, and cross-organizational
benchmarking. Data quality initiatives including
training on accurate reporting, validation of entries,
and integration with digital platforms enhance the
analytical and predictive potential of near-miss
datasets. Standardization also facilitates incorporation
of human factors frameworks, automated analytics,
and predictive modeling, enabling organizations to
translate observations into targeted interventions and
risk mitigation strategies (Oliff ez al., 2018; Tuli et al.,
2018).

Organizational and cultural factors are critical
determinants of near-miss and hazard observation data
utilization. A culture that prioritizes psychological
safety and encourages transparent reporting ensures
that potential hazards are captured comprehensively.
Balanced incentive structures and non-punitive
policies mitigate underreporting and reinforce
proactive safety behavior. Leadership engagement and
timely feedback create accountability, validate
reporting, and drive continuous learning across
organizational levels. Finally, robust data quality,
standardization, and taxonomy practices are essential
to transform reported observations into actionable
insights. Collectively, these organizational and
cultural factors maximize the predictive and
preventive value of near-miss data, enabling
organizations to anticipate risks, strengthen safety
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culture, and improve operational reliability
(Kontogiannis et al., 2017; Shufutinsky and Long,
2017). By integrating these dimensions into safety
management strategies, industrial organizations can
move toward proactive, data-driven, and resilient
safety systems that protect workers while enhancing
performance and compliance.

2.6 Effectiveness of Near-Miss Data Utilization

The utilization of near-miss and hazard observation
data has emerged as a critical strategy for proactive
safety management across industrial sectors. By
providing early indicators of latent hazards and
systemic vulnerabilities, near-miss reporting enables
organizations to intervene before incidents escalate
into accidents (Clarke, 2016; Bitar et al., 2018). This
evaluates the effectiveness of near-miss data
utilization by reviewing evidence linking data use to
incident reduction, its impact on safety awareness and
risk perception, the limitations of existing empirical
research, and observed sectoral differences in
effectiveness.

Empirical studies consistently demonstrate that
systematic analysis and use of near-miss data are
associated with reductions in occupational incidents
and injuries. Aggregated near-miss reporting allows
safety professionals to identify recurring hazards,
prioritize high-risk tasks, and implement targeted
preventive measures. For instance, organizations that
integrate near-miss analysis into daily operational
planning and task scheduling often report lower rates
of lost-time incidents and accidents compared to peers
relying solely on lagging indicators. Predictive
applications, including trend analysis and risk scoring,
enable organizations to anticipate high-risk scenarios
and adjust workflows, work-rest cycles, or
engineering controls accordingly. While causality is
challenging to establish definitively due to
confounding operational variables, multiple case
studies across construction, chemical, and energy
sectors indicate that proactive near-miss management
contributes measurably to improved safety outcomes
(Beach and Pedersen, 2016; Goertz, 2017).

Beyond quantitative reductions in incidents, near-miss
data utilization positively influences safety awareness,
risk perception, and organizational culture. Regular
reporting and feedback mechanisms reinforce
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attentiveness to hazards, encourage behavioral
compliance, and foster shared accountability among
workers and supervisors. Employees exposed to
structured near-miss programs develop heightened
sensitivity to unsafe acts, unsafe conditions, and
procedural deviations, improving both individual
vigilance and collective situational awareness. By
emphasizing leading indicators rather than post-
incident responses, organizations cultivate a mindset
of prevention, where personnel are empowered to
recognize early warning signals and engage in timely
risk mitigation (Deppa and Saltzberg, 2016; Tarlow,
2018).

Despite growing recognition of near-miss utility, the
empirical evidence base remains limited in several
respects (Quillivan et al., 2016; Leaver and Reader,
2016). First, many studies rely on self-reported data,
which may be biased due to wunderreporting,
overreporting, or inconsistent classification of events.
Second, most research is observational, making it
difficult to isolate the direct effect of near-miss
utilization from other safety interventions, such as
training programs or engineering controls. Third,
standardization of metrics and reporting taxonomies is
lacking, impeding cross-study comparability. Finally,
longitudinal studies evaluating sustained impact over
extended periods are sparse, limiting understanding of
long-term efficacy and organizational learning
dynamics. These gaps highlight the need for more
rigorous, controlled, and standardized research
designs to quantify the causal relationship between
near-miss data utilization and safety performance
outcomes.

Effectiveness of near-miss data utilization varies by
industry context and operational complexity. High-
hazard sectors such as oil and gas, chemical
processing, and mining often demonstrate stronger
correlations between systematic near-miss reporting
and incident reduction, due to the formalization of
safety management systems, regulatory oversight, and
high reporting compliance. Conversely, sectors with
less structured safety practices, such as small-scale
manufacturing or dispersed construction sites, may
experience limited benefits, as underreporting,
inconsistent data quality, and fragmented governance
reduce the predictive value of near-miss observations.
Organizational size, workforce training, technological
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adoption, and leadership engagement further influence
the effectiveness of utilization, underscoring that
contextual factors must be considered when
implementing and evaluating near-miss programs
(Dong et al., 2017; Cresswell et al., 2017).

Near-miss and hazard observation data represent
powerful tools for enhancing industrial safety,
providing leading indicators that support preventive
action, improved situational awareness, and proactive
risk management. Evidence indicates that systematic
utilization can reduce incident rates, enhance safety
awareness, and promote a culture of continuous
learning. However, limitations in empirical research—
such as reliance on self-reports, lack of
standardization, and scarce longitudinal studies—
highlight areas for future investigation. Effectiveness
also varies across sectors, with high-hazard industries
generally achieving greater benefits due to robust
reporting systems and governance structures.
Optimizing near-miss utilization requires not only
methodological rigor in data collection and analysis
but also strong organizational culture, leadership
engagement, and tailored interventions (Loeppke et
al., 2017; Lazzerini et al., 2018). Collectively, these
factors enable near-miss programs to evolve from a
compliance-oriented reporting mechanism into a
strategic driver of safety performance, operational
resilience, and workforce protection across industrial
environments.

2.7 Barriers and Enablers Identified in the Literature

The effective utilization of near-miss and hazard
observation data in industrial safety management is
contingent upon organizational structures,
technological capacity, and cultural factors. While
near-miss reporting offers substantial opportunities for
proactive safety management, the literature identifies
numerous barriers that limit its predictive and
preventive potential, as well as enablers that enhance
the effectiveness of data-driven safety programs.
Understanding these barriers and enablers is essential
for organizations seeking to maximize the value of
near-miss information and integrate it into operational,
tactical, and strategic safety decision-making.

One of the most frequently cited barriers is data
overload and poor signal-to-noise ratio. In large-scale
industrial environments, thousands of near-miss
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reports may be submitted across multiple sites,
contractors, and shifts. Without effective filtering,
prioritization, and categorization, this volume of data
can overwhelm safety teams, making it difficult to
distinguish critical hazards from minor or low-
probability events. The accumulation of unstructured
or inconsistently reported data exacerbates this
challenge, resulting in reduced analytical clarity and
delayed interventions (Polnaszek et al., 2016; Derera
and Bank, 2016).

A second major barrier is the lack of analytical
capability. Many organizations collect near-miss data
but lack the resources, expertise, or software tools to
perform meaningful analysis. Traditional spreadsheet-
based approaches are often insufficient for trend
analysis, predictive modeling, or correlation with
operational metrics (Angrave et al., 2016; Baylot et
al., 2018). The absence of robust analytical
frameworks prevents organizations from translating
data into actionable insights, limiting the preventive
value of near-miss reporting.

A third barrier relates to weak feedback loops to the
workforce. When employees report near-misses but
receive little acknowledgment, corrective action, or
visibility into outcomes, motivation to continue
reporting declines. Lack of feedback diminishes trust
in the system and erodes the culture of safety, resulting
in underreporting, incomplete data, and missed
opportunities for early hazard mitigation.

The literature also identifies several key enablers that
enhance near-miss data utilization. Integrated digital
reporting platforms represent a transformative tool,
enabling real-time submission, aggregation, and
analysis of near-miss events. These platforms often
include standardized taxonomies, automated alerts,
and dashboards that allow safety managers to identify
high-risk areas quickly and deploy interventions
efficiently. Integration with mobile devices, loT
sensors, and operational management systems further
enhances timeliness, accuracy, and scalability of
reporting (Chang et al., 2016; Georgakopoulos and
Jayaraman, 2016).

Clear ownership and governance structures are
another critical enabler. Assigning responsibility for
data management, analysis, and intervention ensures
accountability and prevents near-miss data from being
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siloed or overlooked. Governance frameworks define
escalation pathways, establish thresholds for
corrective action, and clarify the roles of frontline
personnel, supervisors, and executive leadership. Such
structures strengthen coordination across
organizational levels and reinforce the link between
reporting and preventive action.

Finally, continuous learning and improvement
cultures significantly enhance utilization of near-miss
data. Organizations that emphasize learning from
near-misses, encourage open communication, and
reward proactive reporting embed near-miss
observation into everyday operational practices
(Godfrey et al., 2018; Ford and Evans, 2018).
Feedback mechanisms, regular safety reviews, and
integration of lessons learned into training programs
and standard operating procedures help convert data
into actionable knowledge. A learning culture ensures
that near-miss insights are not only collected but
internalized, disseminated, and applied to reduce
future risks.

The literature emphasizes that barriers and enablers
are interdependent. For instance, data overload can be
mitigated through digital platforms and clear
governance structures that prioritize high-severity
events. Weak analytical capability can be addressed
through training, adoption of predictive analytics, or
partnership with specialized safety consultants.
Similarly, gaps in workforce feedback are remedied
when organizations cultivate a culture of continuous
learning that rewards engagement and demonstrates
tangible outcomes from near-miss reporting.
Successful implementation therefore requires a
holistic approach that addresses technological,
organizational, and cultural dimensions
simultaneously.

The literature on near-miss and hazard observation
data highlights a dual reality: substantial potential
exists to enhance proactive safety management, yet
significant barriers impede effective utilization.
Common barriers include data overload, limited
analytical  capabilities, and weak feedback
mechanisms, all of which reduce the predictive and
preventive value of near-miss reporting. Conversely,
key enablers integrated digital platforms, robust
governance structures, and a culture of continuous
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learning facilitate timely analysis, actionable
interventions, and organizational learning (Aitsi-
Selmi et al., 2016; Boutin et al., 2017). Understanding
and addressing these factors is critical for industrial
organizations seeking to leverage near-miss data as a
strategic tool for incident prevention, safety culture
development, and operational resilience. Ultimately,
bridging the gap between barriers and enablers ensures
that near-miss data move beyond compliance
reporting to a central driver of proactive, evidence-
based safety management.

2.8 Implications for Industrial Safety Management

The systematic utilization of near-miss and hazard
observation data carries profound implications for
industrial safety management, shaping how
organizations design reporting systems, implement
risk-based decision-making, and adopt proactive,
resilience-focused safety practices. By translating
near-miss observations into actionable insights,
organizations can anticipate hazards, reduce incident
rates, and enhance workforce safety culture, while also
informing regulatory frameworks and standard-setting
initiatives (Landon et al., 2016; Hafey, 2017). This
explores key implications across operational,
organizational, and governance domains.

An effective near-miss reporting system is
foundational to proactive safety management.
Organizations must ensure that systems are accessible,
user-friendly, and integrated into daily workflows to
encourage timely reporting. Digital platforms, mobile
applications, and IoT-enabled monitoring tools allow
employees to capture hazards or near-miss events in
real time, reducing latency between observation and
intervention (Mathew et al., 2017; Wu et al., 2018).
Standardization of reporting categories, severity
ratings, and causal descriptors ensures data
consistency and comparability across  sites,
departments, and projects.

Psychological safety is equally critical: reporting
mechanisms must protect employees from punitive
action while providing clear guidance on what
constitutes a reportable near-miss. Incorporating
feedback loops, where employees are informed about
corrective actions taken or risks mitigated, strengthens
engagement and trust, promoting sustained reporting
behavior. The literature emphasizes that reporting
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systems designed with both technological capability
and cultural reinforcement are more likely to generate
high-quality, actionable data.

Near-miss and hazard observation data are valuable
leading indicators of latent system vulnerabilities.
When systematically analyzed, they inform risk-based
decision-making at operational, tactical, and strategic
levels. Operationally, frontline supervisors can adjust
workflows, task sequencing, and personnel
deployment based on real-time hazard insights. At the
tactical level, trend analyses and hotspot identification
guide targeted interventions, training programs, and
resource allocation. Strategically, near-miss data
inform policy updates, governance frameworks, and
investment  decisions, ensuring that safety
management aligns with organizational priorities and
operational risk profiles.

Integration into risk-based decision-making requires
robust analytical capabilities. Predictive models,
statistical correlations, and network analyses enable
organizations to anticipate high-risk scenarios,
quantify potential consequences, and optimize
preventive measures. By embedding near-miss data
into decision-support tools and executive dashboards,
organizations translate reporting into actionable
intelligence, enhancing both risk awareness and
operational resilience (Pelletier and Beaudin, 2017;
Brady et al., 2018).

The adoption of Safety-II and resilience engineering
principles has shifted the focus from preventing
failures to understanding and supporting system
success under variable conditions. Near-miss data are
central to this approach, highlighting both latent
hazards and instances of successful hazard avoidance.
By analyzing the conditions under which near-misses
occur without incident, organizations gain insights
into system adaptability, human decision-making, and
process robustness.

Integrating near-miss utilization with Safety-II
approaches encourages organizations to anticipate
variability, enhance flexibility, and develop adaptive
procedures. Continuous learning from near-misses
reinforces  organizational resilience, enabling
personnel and systems to respond effectively to
unforeseen conditions. This perspective complements
traditional Safety-I approaches, which focus on
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preventing negative outcomes, by leveraging data to
strengthen both proactive and adaptive safety
strategies.

The use of near-miss and hazard observation data also
carries implications for regulators, auditors, and
standard-setting organizations. Systematic reporting
and utilization provide transparent evidence of risk
awareness and proactive mitigation, supporting
compliance with occupational health and safety
regulations. Regulators may encourage or mandate
near-miss reporting as part of safety management
system audits, ensuring that organizations actively
monitor and respond to emerging hazards (Bair et al.,
2017; Sabel et al., 2018).

Standard-setting bodies can leverage insights from
near-miss  utilization to develop guidelines,
taxonomies, and best practices that enhance
comparability and benchmarking across industries.
Standardized reporting frameworks facilitate data
aggregation, trend analysis, and cross-sector learning,
while also supporting policy development aimed at
predictive and preventive safety strategies. By
aligning industry practices with regulatory
expectations and safety standards, organizations can
improve governance, accountability, and resilience in
high-risk industrial environments (Suykens et al.,
2016; Driessen et al., 2018).

The utilization of near-miss and hazard observation
data has significant implications for industrial safety
management. Effective reporting systems, integrated
with risk-based decision-making, enable proactive
hazard identification, operational adjustments, and
strategic planning (Sidorenko and Demidenko, 2016;
Force, 2018). Aligning these practices with Safety-I1
and resilience frameworks enhances adaptability,
continuous learning, and system robustness. For
regulators and standard-setting bodies, near-miss
development,

oversight.

utilization informs policy
benchmarking, and compliance
Collectively, these implications underscore the
transformative potential of near-miss data as a central
component of proactive, evidence-based, and resilient
safety management, offering tangible benefits for
workforce protection, operational reliability, and
organizational learning across industrial sectors.
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2.9 Research Gaps and Future Directions

Near-miss and hazard observation data have emerged
as pivotal elements in modern industrial safety
management, offering opportunities to anticipate risks,
improve safety culture, and reduce incident rates.
Despite their growing importance, significant research
gaps persist, limiting the full potential of near-miss
utilization. Addressing these gaps is essential for
advancing evidence-based safety management,
enhancing predictive capabilities, and promoting
cross-sector learning. This essay examines key
research gaps and outlines future directions for near-
miss and hazard observation research, focusing on
standardization, longitudinal studies, cross-industry
comparisons, and integration with real-time
operational data.

A major barrier to effective near-miss research and
utilization is the lack of standardized definitions and
taxonomies. Studies vary in how they classify near-
misses, unsafe acts, unsafe conditions, and hazards,
leading to inconsistencies in reporting, aggregation,
and analysis. For example, some industries may define
a near-miss strictly as an event with potential for
injury, while others include equipment failures or
environmental hazards with no immediate human
impact. This variability undermines comparability
across studies and limits meta-analytical evaluations.
Future research should prioritize the development of
universal near-miss taxonomies and severity
classification frameworks, ideally aligned with
established occupational health and safety standards.
Standardization will enable more reliable trend
analyses, facilitate cross-sector benchmarking, and
improve the predictive utility of near-miss data for
proactive safety interventions (Baciu and Wizemann,
2016).

While near-miss data are widely recognized as leading
indicators, there is a paucity of longitudinal evidence
linking systematic utilization to measurable safety
outcomes. Most existing studies are cross-sectional or
observational, capturing data at single points in time
or over limited durations. Consequently, the causal
relationship between near-miss reporting, data-driven
interventions, and reductions in incident frequency or
severity remains underexplored. = Longitudinal
research tracking near-miss reporting, analytical
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interventions, and subsequent safety outcomes over
extended periods would provide stronger evidence for
the effectiveness of near-miss utilization. Such studies
could assess sustainability of interventions, changes in
reporting culture, and the long-term impact on
organizational resilience and safety performance.

Another research gap involves the limited number of
cross-industry  comparative  studies. Near-miss
utilization  practices and effectiveness  vary
significantly across sectors, influenced by operational
complexity, workforce composition, regulatory
oversight, and organizational culture. High-hazard
industries such as oil and gas or chemical processing
often demonstrate stronger near-miss systems,
whereas smaller-scale manufacturing or construction
projects may struggle with underreporting or
inconsistent analysis (Samia et al., 2018; Bevilacqua
and Ciarapica, 2018). Comparative studies examining
similarities, differences, and best practices across
industries would provide critical insights into context-
specific enablers and barriers. Such research could
inform tailored guidance, standardized frameworks,
and knowledge transfer, supporting broader adoption
of evidence-based near-miss utilization practices
across diverse industrial settings.

Emerging technologies, including digital reporting
platforms, IoT sensors, and wearable devices, present
opportunities for integrating near-miss data with real-
time operational data (Kanan ef al., 2018; Ullah et al.,
2018). Combining these data streams allows
organizations to contextualize near-misses within
broader operational conditions, including equipment
status, environmental factors, workflow patterns, and
human factors. Despite this potential, research on
hybrid data integration remains limited, particularly in
relation to predictive modeling, risk forecasting, and
dynamic intervention planning. Future work should
focus on developing analytical frameworks and
decision-support systems that merge near-miss reports
with live operational data. This integration could
enable anticipatory risk management, optimize
workforce deployment, and enhance proactive hazard
mitigation in highly dynamic industrial environments.

While near-miss and hazard observation data have
proven value as leading indicators of industrial safety
risk, significant research gaps remain. Standardization
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of definitions and taxonomies is needed to improve
comparability and predictive utility, while
longitudinal studies are required to establish causal
links between data utilization and safety outcomes.
Cross-industry comparative studies would clarify
context-specific enablers and barriers, enabling
knowledge transfer and best practice adoption
(Sutcliffe et al., 2016; Pop et al., 2018). Finally,
integration of near-miss data with real-time
operational data represents a promising frontier for
predictive and adaptive safety management.
Addressing these gaps will strengthen the scientific
foundation for near-miss utilization, advance data-
driven, proactive safety strategies, and enhance
operational resilience across industrial sectors.

CONCLUSION

The systematic review of near-miss and hazard
observation data utilization highlights the critical role
these data play in proactive industrial safety
management. Key findings indicate that near-miss
reporting functions as a leading indicator, enabling
organizations to identify latent hazards, anticipate
high-risk  scenarios, and implement targeted
interventions before incidents occur. The review
demonstrates that effective utilization of near-miss
data—across operational, tactical, and strategic
levels—can reduce incident frequency and severity,
enhance safety awareness among the workforce, and
strengthen organizational learning and resilience.
Analytical methods, ranging from descriptive statistics
to predictive modeling and network analysis, support
the transformation of raw observations into actionable
insights, while human factors and cultural
considerations influence the quality and completeness
of data reporting.

From a theoretical perspective, the review reinforces
the relevance of Safety-II and resilience engineering
frameworks, highlighting that near-miss data not only
prevent negative outcomes but also provide insight
into system adaptability and the conditions under
which work succeeds safely. Integration of near-miss
data into risk-based decision-making aligns with
socio-technical and high-reliability organization
principles, emphasizing the interdependence of
human, technical, and organizational factors. The
findings contribute to theory by demonstrating the
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multi-level, system-wide implications of near-miss
utilization and by contextualizing leading indicators
within broader safety management constructs.

In practical terms, the review underscores the strategic
importance of near-miss and hazard data utilization.
Organizations that implement standardized reporting
systems, robust analytical frameworks, and continuous
feedback mechanisms can proactively manage risk,
optimize resource allocation, and improve compliance
with regulatory standards. By fostering a culture of
reporting, learning, and adaptation, industrial
operators can enhance operational reliability, protect
workforce health and safety, and strengthen
governance structures. Ultimately, the effective use of
near-miss and hazard observation data represents a
transformative approach to industrial safety, bridging
the gap between reactive compliance and proactive,
evidence-based risk management.
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