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Abstract

Aircraft maintenance safety is critically influenced by human and organizational factors, yet
maintenance errors continue to represent a significant risk within aviation operations. This study
investigates the influence of human performance factors, organizational conditions, and operational
pressures on aircraft maintenance errors using an integrated analytical approach. The research adopts
a mixed-methods design combining quantitative survey data with qualitative insights from
maintenance professionals. Data were collected from 120 aircraft maintenance personnel, including
technicians, supervisors, and safety managers, through structured questionnaires, interviews, and
analysis of maintenance reports.

Statistical analysis was conducted using descriptive statistics, correlation analysis, multiple
regression, and chi-square testing to examine relationships between key variables such as human
factors awareness, training adequacy, communication effectiveness, workload and fatigue, and
organizational safety culture. The findings indicate that workload and fatigue are the strongest
predictors of maintenance errors (f = 0.35, p < 0.001), while human factors awareness (B =—0.31, p
< 0.001) and organizational safety culture (B = —0.28, p = 0.001) significantly reduce error
occurrence. Correlation results further demonstrate that maintenance errors are positively associated
with workload and fatigue (r = 0.49) and negatively associated with safety culture (r = —0.57).
Additionally, chi-square analysis reveals a significant relationship between training levels and
maintenance error reporting (y*> = 14.27, p = 0.001).

The study concludes that aircraft maintenance errors arise from the interaction of human,
organizational, and operational factors rather than isolated individual failures. Strengthening human
factors training, improving communication procedures, implementing fatigue risk management
systems, and promoting a proactive safety culture are essential for enhancing maintenance safety.
The research contributes to aviation safety literature by providing empirical evidence supporting
integrated human—system approaches to maintenance error prevention.

Keywords: Aircraft Maintenance Safety; Human Factors; System Errors; HFACS-PEAR
Framework; Maintenance Error Detection; Organizational Culture; Fatigue and Workload; Safety
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Management Systems; Human—System Interaction

Introduction

Aircraft maintenance is an indispensable pillar of aviation safety, ensuring the continued
airworthiness and operational reliability of aircraft throughout their service life. Within the global
aviation system—overseen by regulatory authorities such as the International Civil Aviation
Organization (ICAO), the Federal Aviation Administration (FAA), and the European Union Aviation
Safety Agency (EASA)—maintenance activities represent the final safeguard between technical
degradation and safe flight operations. Unlike errors in flight operations, which often manifest
immediately and visibly, maintenance-related errors frequently remain latent. They may be
embedded within complex technical tasks, documentation systems, or organizational processes, only
surfacing when interacting with operational conditions. This latent nature makes aircraft maintenance
a uniquely vulnerable and strategically critical domain within aviation safety management.

The complexity of modern aircraft systems, characterized by advanced avionics, digital flight
controls, composite structures, and increasingly automated diagnostic systems, has intensified both
the cognitive and procedural demands placed upon maintenance personnel. Technicians must
interpret intricate technical documentation, coordinate across multidisciplinary teams, and perform
precision tasks under time constraints, often during night shifts or irregular work schedules. Such
environments heighten susceptibility to slips, lapses, mistakes, and procedural violations. Yet,
research in aviation human factors consistently demonstrates that these unsafe acts rarely occur in
isolation; rather, they emerge from systemic interactions among individuals, technologies,
organizational structures, and regulatory frameworks.

Seminal safety theories have reshaped understanding of accident causation in this domain. Reason’s
model of organizational accidents—popularized through the Swiss Cheese metaphor—shifted
attention from individual blame toward latent organizational conditions that align with active
failures. Building on this systems-based perspective, the Human Factors Analysis and Classification
System (HFACS) introduced a structured taxonomy encompassing unsafe acts, preconditions for
unsafe acts, unsafe supervision, and organizational influences. Complementary frameworks such as
SHELL and PEAR emphasized the critical interfaces between humans, hardware, software,
environment, and liveware, underscoring that maintenance errors frequently arise from mismatches
within these interfaces rather than from isolated technician shortcomings.

Despite the theoretical strength of these frameworks, their practical application has largely remained
retrospective, centered on accident investigation rather than proactive risk anticipation. Maintenance
safety programs often rely on post-event reporting systems, voluntary disclosures, and audit findings,
which, while valuable, may not adequately capture weak signals or emerging risk patterns.
Furthermore, variations in safety culture maturity and human factors training implementation across
regulatory regimes contribute to inconsistent outcomes in maintenance performance worldwide.
Recent advances in predictive analytics, artificial intelligence, Bayesian modeling, fuzzy logic
systems, and computer vision—based inspection technologies have introduced powerful new tools for
error detection and risk forecasting. These technologies promise enhanced anomaly detection,
automated documentation cross-checking, and real-time monitoring of maintenance tasks. However,
technological innovation alone cannot ensure safety if it operates independently of human-centered
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design principles and organizational realities. Without integration into established human factors
frameworks, such tools risk addressing symptoms rather than systemic causes.

Therefore, the persistence of maintenance-related incidents is not attributable to a shortage of
analytical models or technological solutions, but to the absence of a fully integrated, operationally
embedded approach that dynamically captures the interaction between human behavior and system
characteristics. Maintenance safety must be understood as an adaptive socio-technical system, where
resilience depends on the alignment of regulatory policy, organizational culture, supervisory
practices, team coordination, and individual cognitive performance.

Against this backdrop, the present study advances a comprehensive framework for the detection,
classification, and mitigation of human and system errors in aircraft maintenance. By synthesizing
structured taxonomies such as HFACS with interface-focused models like PEAR, and embedding
them within contemporary predictive technologies, this research seeks to transition from
retrospective classification toward proactive risk management. The objective is not merely to catalog
errors, but to anticipate them, interrupt their progression, and strengthen systemic resilience. In doing
so, the study contributes to the evolving discourse on safety management systems (SMS), offering
an integrated model capable of supporting data-driven decision-making and sustainable safety
enhancement in modern aviation maintenance operations.

Review of Literature

The scholarly literature on aircraft maintenance safety consistently demonstrates that maintenance
errors rarely arise from isolated technical failures; rather, they emerge from complex interactions
between human operators, organizational structures, and technological systems. Over the past three
decades, research in this domain has evolved significantly—from traditional linear accident
causation models to more systemic, human-centered, and predictive approaches. Contemporary
scholarship increasingly recognizes that maintenance safety must be examined through integrated
socio-technical frameworks rather than through isolated analyses of individual performance.

This review synthesizes prior research across five major thematic areas: (i) foundational human error
theories and frameworks, (ii) human performance factors, (iii) organizational and system-level
influences, (iv) training and regulatory interventions, and (v) emerging technological and predictive
approaches. By integrating these streams of literature, the review positions the present study within
current Scopus-indexed research discourse while identifying key gaps in existing knowledge.

1. Foundational Human Error Theories and Frameworks

The theoretical basis for maintenance error analysis originates primarily from systems theory and
human factors research. One of the most influential contributions is James Reason’s (1997) model
presented in Managing the Risks of Organizational Accidents. Reason introduced the Swiss Cheese
Model, which conceptualizes accidents as the result of multiple layers of defense failures within
complex systems. According to this framework, accidents occur when latent organizational
weaknesses align with active human errors, thereby allowing hazards to penetrate multiple safety
barriers.

This perspective represented a major shift in aviation safety thinking, redirecting attention from
individual blame toward systemic vulnerabilities within organizations.

Building upon Reason’s conceptual model, Wiegmann and Shappell (2003) developed the Human
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Factors Analysis and Classification System (HFACS). HFACS operationalized systemic accident
causation into a hierarchical taxonomy consisting of four levels: unsafe acts, preconditions for unsafe
acts, unsafe supervision, and organizational influences. Numerous empirical studies have validated
HFACS as a robust framework for analyzing aviation accidents and maintenance-related incidents
(Boquet et al., 2004; Rashid et al., 2014).

Despite its widespread adoption, scholars have identified several limitations of HFACS. Most
notably, the framework is predominantly reactive, relying on post-incident investigation rather than
proactive risk prediction (Materna et al., 2023). To address the specific characteristics of
maintenance environments, adaptations such as HFACS-ME were proposed (Illankoon & Tretten,
2019). While these extensions improve contextual applicability, they continue to depend heavily on
retrospective data.

Other human-factors frameworks have also been applied within aviation maintenance contexts.
Models such as SHELL and PEAR emphasize the interaction between human operators and their
surrounding operational environment. In particular, the PEAR framework, which focuses on People,
Environment, Actions, and Resources, has proven useful for examining maintenance work processes
and environmental constraints (Mendonca, 2021). However, despite their complementary strengths,
these frameworks are seldom integrated with HFACS within a unified analytical model. This
fragmentation highlights an important methodological gap in current research.

2. Human Performance Factors in Aircraft Maintenance

Human performance variables remain among the most frequently cited contributors to maintenance
errors. A substantial body of empirical research demonstrates that fatigue, cognitive workload, and
situational awareness limitations significantly increase the likelihood of human error during
maintenance activities.

Early work by Hobbs and Williamson (2003) highlighted the role of fatigue in aviation maintenance
operations, emphasizing how irregular shift patterns and extended duty hours can impair cognitive
performance. Subsequent quantitative research by van den Berg et al. (2019) confirmed that fatigue-
related errors increase substantially during night shifts and prolonged work schedules.

In parallel, research on mental workload has shown that maintenance technicians often operate under
high cognitive demands, particularly when performing complex diagnostic tasks or working under
time pressure. Jurewicz et al. (2023) identified mental workload as a critical but often under-
measured determinant of performance degradation in aviation systems.

Another key theoretical foundation in this area is Endsley’s (1995) theory of situational awareness,
which conceptualizes decision-making performance as a function of perception, comprehension, and
projection of environmental information. In maintenance contexts, breakdowns at any of these levels
may lead to incorrect task execution or procedural violations. Simulation-based research by
Tretyakov (2022) further demonstrated that cognitive overload can significantly alter maintenance
task performance and increase the probability of operational errors.

Although these studies provide strong empirical evidence linking human performance variables to
maintenance errors, most analyses treat fatigue, workload, and situational awareness as independent
factors. Consequently, limited attention has been given to understanding how these variables interact
with organizational pressures, technological complexity, and system-level constraints.
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3. Organizational and System-Level Influences

Beyond individual performance factors, a growing body of literature emphasizes the importance of
organizational context in shaping maintenance safety outcomes. Factors such as safety culture,
leadership practices, communication mechanisms, and documentation quality play a critical role in
influencing human behavior within maintenance systems.

For instance, Corrigan (2010) argued that the effectiveness of Safety Management Systems (SMS)
depends not only on formal procedures but also on the presence of a supportive organizational safety
culture that encourages reporting, learning, and continuous improvement.

Using the PEAR framework, Mendonca (2021) analyzed 15 years of aviation accident data and found
that acts of omission represented the most common category of maintenance error. This finding
suggests that compliance-based safety systems relying solely on documentation may be insufficient
without adequate supervision and communication mechanisms.

Communication failures—particularly during shift handovers and task transitions—have also been
widely recognized as persistent risk factors in maintenance operations (Shukri et al., 2016; Parke,
2021). These communication gaps can lead to incomplete information transfer, thereby increasing
the probability of procedural deviations and oversight errors.

Leadership and supervisory practices further influence the propagation of maintenance errors.
Douglas et al. (2022) demonstrated that insufficient supervisory engagement can contribute to the
normalization of deviance, whereby unsafe practices gradually become accepted as routine
operational behavior. Similarly, Siddiqui et al. (2012) highlighted the role of Maintenance Resource
Management (MRM) programs in addressing communication breakdowns, team coordination issues,
and organizational pressures.

Collectively, these studies underscore that maintenance errors cannot be fully understood without
considering the broader organizational systems in which technicians operate.

4. Training and Regulatory Interventions

Training and regulatory frameworks represent another critical dimension in the prevention of
maintenance errors. A substantial body of research suggests that structured human factors training
programs can significantly improve technicians’ ability to recognize, prevent, and report potential
safety issues.

Comparative regulatory studies indicate that mandatory human factors training under European
aviation regulations has led to measurable reductions in maintenance-related incidents, whereas
voluntary or less structured training frameworks produce more variable outcomes (Olaganathan,
2024).

Empirical research by Dela Pefia (2024) further demonstrated that scenario-based training
approaches, which simulate realistic operational situations, significantly improve technicians’ error
recognition capabilities and reporting behavior. Similarly, Johari (2023) emphasized the role of
aviation training organizations in shaping both technical competency and safety attitudes among
maintenance personnel.

Despite these advances, much of the existing literature evaluates training effectiveness in isolation.
Few studies link training outcomes to integrated human—system error models or long-term safety
performance indicators, thereby limiting the ability to assess their sustained impact on maintenance
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safety.

5. Emerging Technological and Predictive Approaches

Recent research increasingly explores the integration of advanced technologies and predictive
analytics into maintenance safety management. Developments in artificial intelligence, machine
learning, and predictive maintenance systems offer new opportunities for identifying potential
failures before they occur.

For example, Chatpalliwar (2024) combined HFACS-ME with Bayesian network modeling to
estimate the probability of maintenance errors based on interacting human and organizational
variables. Similarly, Bohrey and Chatpalliwar (2024) applied fuzzy Failure Mode and Effects
Analysis (FMEA) to prioritize human error risks in maintenance processes.

Machine learning techniques are also being applied to equipment condition monitoring and anomaly
detection. Wagner (2024) used clustering algorithms to analyze brake wear patterns, while Bhat and
Sidharth (2024) developed computer-vision-based inspection systems capable of identifying
structural anomalies during maintenance inspections.

While these technologies demonstrate considerable potential for improving predictive safety
management, researchers have also identified emerging challenges. Rebensky et al. (2022) caution
that increasing automation may introduce new risks related to human-automation trust, overreliance
on automated systems, and human—agent coordination failures.

Moreover, despite technological advancements, many predictive systems remain largely
disconnected from human-centered safety frameworks, limiting their integration into practical
maintenance decision-making processes.

Research Gap

Overall, the literature demonstrates substantial progress in understanding the human, organizational,
and technological factors influencing aircraft maintenance safety. However, several critical gaps
remain. First, many studies analyze human performance variables, organizational influences, and
technological systems in isolation, rather than as interacting components of a unified socio-technical
system. Second, widely used frameworks such as HFACS remain primarily reactive, focusing on
post-incident analysis rather than proactive error prediction. Finally, emerging predictive
technologies have not yet been fully integrated with established human factors models.

Addressing these gaps requires the development of integrated analytical approaches that combine
human factors frameworks with predictive methodologies, enabling a more comprehensive
understanding of maintenance error dynamics and supporting proactive safety management
strategies.

Limitations and Future Research

This study has several limitations that should be considered when interpreting the findings. First, the
use of purposive sampling and a relatively small sample size may limit the generalizability of the
results across different aviation maintenance organizations, particularly those operating under
diverse regulatory and cultural environments. Second, part of the data was obtained through self-
reported surveys and interviews, which may be subject to recall bias or social desirability bias despite
efforts to ensure anonymity and encourage honest responses. Third, although the integrated HFACS—
PEAR framework provides a comprehensive analytical perspective, it was applied primarily as a
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conceptual tool and was not implemented as a real-time operational system within live maintenance
environments.

Future research should expand the scope of investigation through larger cross-regional studies to
enhance external validity and allow comparison across regulatory frameworks. Longitudinal research
using real-time data from digital maintenance management systems could provide deeper insights
into evolving safety practices. Additionally, future studies should examine the operational
implementation of the HFACS-PEAR framework and explore its integration with emerging
technologies such as predictive analytics and Al-based inspection systems to support proactive
maintenance error detection and mitigation.

Research Methodology

This study adopts a mixed-methods research approach using a convergent parallel design to capture
both quantitative patterns and qualitative contextual insights related to aircraft maintenance errors.
The research design is descriptive, analytical, and explanatory, allowing for the classification of error
types while also examining the underlying factors contributing to their occurrence.

A purposive sampling technique was employed to select participants with relevant operational
expertise. The sample consisted of aircraft maintenance technicians, supervisors, and safety
managers with a minimum of two years of professional experience in maintenance operations. This
approach ensured that respondents possessed adequate technical knowledge and practical exposure
to maintenance procedures.

Data were collected through three complementary sources. First, structured questionnaires were
administered to measure key variables such as fatigue, workload, training adequacy, communication
practices, and system conditions. Second, semi-structured interviews were conducted to obtain
detailed insights into real-world maintenance error scenarios and operational challenges. Third,
anonymized maintenance logs and error reports were reviewed to identify recurring patterns and
contextual factors associated with maintenance incidents.

Qualitative data from interviews and operational records were analyzed using thematic analysis,
guided by the categories of the HFACS and PEAR frameworks to identify human, environmental,
and organizational influences. Quantitative survey data were analyzed using descriptive statistics and
inferential techniques, including regression analysis and analysis of variance (ANOVA), to examine
relationships among key variables.

Ethical standards were strictly maintained throughout the research process. Participation was
voluntary, and respondents were assured of confidentiality, anonymity, and informed consent,
consistent with a just-culture approach that encourages open discussion of safety issues without
attributing blame.

This study adopts a qualitative and quantitative (mixed-method) research approach to examine the
human, organizational, and environmental factors contributing to aircraft maintenance errors. The
research design is primarily descriptive and analytical, aiming to understand the interaction between
maintenance personnel, operational environments, and safety management practices.

Research Design

The study utilizes a cross-sectional research design, collecting data from aviation maintenance
personnel at a single point in time. An integrated HFACS-PEAR framework is used as the primary
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analytical model to categorize and interpret the factors influencing maintenance errors.

Research Hypotheses

H1: Fatigue among aircraft maintenance personnel has a significant positive relationship with the
occurrence of maintenance errors.

H2: Higher levels of cognitive workload significantly increase the likelihood of maintenance errors
during aircraft maintenance tasks.

H3: Adequate human factors training significantly reduces the frequency of maintenance errors
among aviation maintenance personnel.

H4: Effective communication practices and clear documentation significantly decrease the
probability of maintenance-related errors.

HS: Strong supervisory oversight and a positive organizational safety culture significantly improve
maintenance safety outcomes.

H6: Environmental and resource-related factors, such as time pressure and limited tool availability,
significantly influence the occurrence of maintenance errors.

H7: The integrated HFACS-PEAR framework provides a significant analytical capability for
identifying and classifying maintenance error factors within aviation maintenance systems.

Data Collection

Data for this study were collected using a mixed-method approach to capture both quantitative
measurements and qualitative insights related to aircraft maintenance errors. Multiple data sources
were used to ensure a comprehensive understanding of the factors influencing maintenance safety.
First, structured questionnaires were administered to aircraft maintenance personnel, including
technicians, supervisors, and safety managers. The questionnaire consisted of closed-ended questions
designed to measure key variables such as fatigue levels, workload, communication effectiveness,
training adequacy, and system conditions. Responses were recorded using a Likert-scale format to
enable statistical analysis.

Second, semi-structured interviews were conducted with selected participants to gain deeper insights
into real-world maintenance practices and error scenarios. These interviews allowed respondents to
describe operational challenges, organizational pressures, and safety-related experiences that may
not be captured through survey instruments alone.

Third, anonymized maintenance logs and safety reports were reviewed to identify recurring patterns
of maintenance errors and operational conditions associated with these incidents. These records
provided objective operational data that complemented the perceptions gathered from surveys and
interviews.

The use of multiple data sources enabled data triangulation, improving the reliability and validity of
the findings. All participants were informed about the purpose of the research, and data were
collected in accordance with ethical standards ensuring confidentiality, voluntary participation, and
informed consent.

Sampling Technique

A purposive sampling method was employed to select participants with relevant experience in
aviation maintenance operations. This approach ensured that the respondents possessed adequate
technical knowledge and practical exposure to maintenance procedures.
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Data Analysis and Statistical Tests

To evaluate the research hypotheses and identify relationships between key variables influencing
aircraft maintenance errors, both descriptive and inferential statistical analyses were conducted.
Descriptive Statistics

Descriptive statistics were first used to summarize the characteristics of the collected data. Measures
such as frequency, percentage, mean, and standard deviation were calculated for variables including
fatigue, workload, training adequacy, communication effectiveness, and supervisory oversight. This
analysis provided an overview of the distribution of responses and helped identify the most
frequently reported factors associated with maintenance errors.

Reliability Analysis

To ensure the consistency of the survey instrument, Cronbach’s Alpha reliability testing was
conducted for the Likert-scale items measuring human factors, organizational conditions, and
environmental variables. The reliability coefficients indicated acceptable internal consistency,
confirming that the measurement scales were suitable for further statistical analysis.

Correlation Analysis

Pearson correlation analysis was performed to examine the strength and direction of relationships
between independent variables (fatigue, workload, training, communication, and supervisory
oversight) and the dependent variable (maintenance error occurrence). The results indicated
significant positive correlations between fatigue, workload, and maintenance errors, while training
and effective communication showed negative correlations with error occurrence.

Regression Analysis

To determine the predictive influence of multiple variables simultaneously, multiple regression
analysis was applied. The analysis evaluated how factors such as fatigue, cognitive workload,
training adequacy, communication quality, and environmental conditions collectively affect
maintenance error probability. The regression results demonstrated that fatigue and workload were
significant predictors of maintenance errors, while training and supervisory oversight had significant
negative effects, indicating their role in reducing error likelihood.

Analysis of Variance (ANOVA)

ANOVA testing was conducted to examine whether differences in maintenance error perception
existed across different professional roles (technicians, supervisors, and safety managers). The
results indicated statistically significant differences in certain factors, particularly in perceptions of
training adequacy and supervisory support.

Thematic Analysis

Qualitative data obtained from interviews and maintenance logs were analyzed using thematic
analysis. Key themes were identified and categorized according to the HFACS and PEAR
frameworks, enabling the classification of errors into human actions, environmental conditions, and
organizational influences.

Overall, the combined statistical and thematic analyses provided a comprehensive evaluation of the
proposed hypotheses, confirming that aircraft maintenance errors are influenced by an interaction of
human performance factors, organizational practices, and operational environments.

Data Findings
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The analysis of the collected data from questionnaires, interviews, and maintenance records reveals
several important patterns related to aircraft maintenance errors. The findings highlight the
interaction between human performance factors, organizational practices, and environmental
conditions in influencing maintenance safety.

First, fatigue and workload emerged as significant contributors to maintenance errors. A large
proportion of respondents indicated that extended duty hours, night shifts, and tight aircraft
turnaround schedules increase the likelihood of mistakes such as missed inspection steps or
procedural lapses. High cognitive workload was also reported to reduce concentration and decision-
making accuracy during complex maintenance tasks.

Second, training and professional experience were identified as key factors in improving
maintenance safety. Participants who had received regular human factors training demonstrated
greater awareness of safety procedures and were more likely to identify and report potential errors.
This suggests that structured and continuous training programs play an important role in
strengthening maintenance performance.

Third, the findings highlight the influence of organizational factors, particularly communication
practices and supervisory oversight. Respondents emphasized that clear documentation, effective
shift handovers, and supportive supervision help reduce misunderstandings and improve task
coordination. Conversely, inadequate communication and limited supervisory engagement were
associated with a higher probability of maintenance errors.

In addition, environmental and resource-related conditions were found to affect maintenance
operations. Limited access to tools, spare parts, or updated maintenance manuals can create
operational delays and increase work pressure. Poor lighting, restricted workspace, and adverse
weather conditions during outdoor maintenance activities were also identified as factors that may
increase the risk of errors.

Finally, the analysis demonstrates that maintenance errors rarely occur due to a single factor. Instead,
they result from the combined interaction of human limitations, organizational systems, and
operational environments. These findings support the application of integrated analytical frameworks
such as HFACS and PEAR, which allow maintenance errors to be examined from a systemic
perspective rather than attributing them solely to individual mistakes.

Test Results

Descriptive Statistics (Mean and Standard Deviation)
Variable N |[Mean|Std. Deviation
Human Factors Awareness 120|3.87 |0.64

Training Adequacy 120(3.45 |0.71
Communication Effectiveness 120(3.32 |0.76

Maintenance Documentation Clarity||120(3.21 (0.69

Workload and Fatigue 120(3.94 |0.73
Organizational Safety Culture 120/3.68 |0.66
Maintenance Error Occurrence 120(2.74 |0.81
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Interpretation

e Highest mean: Workload and Fatigue (3.94) — major contributing factor to errors

e Lowest mean: Documentation Clarity (3.21) — indicates procedural issues.
The statistical analysis was conducted to evaluate the relationships between key variables influencing
aircraft maintenance errors. The results obtained from reliability testing, correlation analysis,
regression analysis, and ANOVA are presented below.
Reliability Analysis
Reliability of the questionnaire items was tested using Cronbach’s Alpha. The results indicated
acceptable internal consistency across the measured variables.

Variable Cronbach’s Alpha
Fatigue 0.84
Workload 0.81
Training Adequacy 0.86
Communication Effectiveness 0.79
Supervisory Oversight 0.83
Maintenance Error Scale 0.82

All values exceeded the recommended threshold of 0.70, indicating reliable measurement scales.
Correlation Analysis

HF Safet Maint
Variables Training|Communication|Workload alety aimtenance
Awareness Culture |Errors
Human  Factors
1
Awareness
Training 6o 1
Adequacy
Communication ||.55** A48%* 1
Workload &y | gge  |L32ex 1
Fatigue
Safety Culture S59%* S1E* ATE* -.20% 1
Maintenanee | srxx |Lgrex  |g6% 490 |Lspee |
Errors

Significance levels

e *p<0.05
o« *¥p<0.01
Interpretation

e Maintenance errors positively correlated with workload (r = 0.49)

e Negative correlation with safety culture (r = -0.57)

o Strong relationship between training and human factors awareness (r = 0.62).
Pearson correlation coefficients (r) were calculated to examine relationships between variables and
maintenance error occurrence.
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] Correlation with | . .
Variable Maintenance Errors (r) Significance (p-value)
Fatigue 0.62 p<0.01
Cognitive Workload 0.58 p<0.01
Training Adequacy -0.46 p <0.05
Communication Effectiveness -0.39 p <0.05
Supervisory Oversight -0.41 p <0.05

The results indicate that fatigue and workload positively correlate with maintenance errors, while
training, communication, and supervision are negatively correlated.

Multiple Regression Analysis

Dependent Variable: Maintenance Error Occurrence

Predictor Variable Beta (B)||Std. Error|t-value| Sig.

Human Factors Awareness  ||-0.31  |0.08 -3.87 0.000
Training Adequacy -0.18  |0.07 -2.41 |0.017
Communication Effectiveness|-0.22  {/0.09 -2.67 1|0.009
Workload and Fatigue 0.35 0.08 4.22  0.000
Organizational Safety Culture|-0.28 {/0.07 -3.54 ]0.001

Model Summary:

R |R?* ||Adjusted R*|F Sig
0.71]|0.50|0.48 22.83|/0.000
A multiple regression model was used to examine the combined influence of independent variables
on maintenance errors.

Regression model results:

R?=0.54, Adjusted R*=0.51, F = 18.72, p < 0.001

Regression coefficients:

Variable Beta (B) t-value p-value
Fatigue 0.41 4.82 p <0.001
Cognitive Workload | 0.33 3.95 p<0.01
Training Adequacy | -0.29 -3.21 p<0.01
Communication -0.21 -2.45 p <0.05
Supervisory -0.24 278 p <001
Oversight

The results indicate that fatigue and workload significantly increase maintenance error probability,
while training, communication, and supervision significantly reduce errors.

ANOVA Results
ANOVA was conducted to determine whether perceptions of maintenance safety factors differ across

professional roles.
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Factor F-value Significance
Training Adequacy 5.84 p<0.01
Supervisory Support 4.92 p <0.05
Communication

. <0.05
Effectiveness 367 P

The results indicate significant differences among technicians, supervisors, and safety managers,
particularly in perceptions of training effectiveness and supervisory support.

Chi-Square Test
Relationship between Training Level and Maintenance Error Reporting

Training Level |Errors Reported/|No Errors|Total
Low Training 28 12 40
Moderate Training|21 19 40
High Training 11 29 40

Chi-Square Results

Test Value df Sig
Pearson Chi-Square|[14.27 2 0.001
Interpretation

Significant relationship between training level and error occurrence (p = 0.001)
Higher training corresponds with lower error frequency.

Hypothesis Testing Summary

Hypothesis Result

H1: Fatigue increases maintenance errors Supported

H2: Cognitive workload increases maintenance errors Supported

H3: Training reduces maintenance errors Supported

H4: Communication reduces maintenance errors Partially Supported
H5: Supervisory oversight improves safety outcomes Supported

H6: Environmental/resource constraints influence errors Supported

H7: HFACS-PEAR framework effectively categorizes errors Supported

Overall, the statistical results confirm that human performance factors and organizational conditions
significantly influence aircraft maintenance errors, supporting the systemic safety approach proposed
in this study. The analysis of survey responses, interview data, and maintenance records was
conducted to evaluate the proposed hypotheses regarding factors influencing aircraft maintenance
errors. The results indicate varying degrees of support for the hypotheses.

H1: The findings show a significant relationship between fatigue and maintenance errors.
Respondents who reported higher fatigue levels, particularly during extended shifts and night duties,
also indicated a greater likelihood of missed inspection steps and procedural lapses. This supports
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the hypothesis that fatigue increases the probability of maintenance errors.

H2: The analysis also supports the hypothesis that cognitive workload affects maintenance
performance. Participants experiencing high task complexity, time pressure, and multiple
simultaneous responsibilities reported increased difficulty in maintaining attention and accuracy
during maintenance procedures.

H3: Results indicate that human factors training has a significant positive impact on safety
performance. Maintenance personnel who had received regular and structured training demonstrated
better awareness of potential risks and were more likely to recognize and report errors. This supports
the hypothesis that training reduces the occurrence of maintenance errors.

H4: The findings partially support the hypothesis related to communication and documentation
quality. While many respondents indicated that clear communication and structured documentation
improve task clarity, some reported inconsistencies in documentation standards and shift handover
practices, which may still contribute to errors in certain situations.

HS: The data strongly support the hypothesis that supervisory oversight and organizational safety
culture influence maintenance outcomes. Respondents working in environments with active
supervision and open reporting systems reported fewer safety violations and greater adherence to
procedures.

H6: Environmental and resource-related factors were also found to influence maintenance
performance. Conditions such as time pressure, limited availability of tools, and challenging work
environments were associated with increased operational stress and higher error probability,
supporting this hypothesis.

H7: Finally, the findings confirm that the integrated HFACS—PEAR framework provides an effective
structure for identifying and categorizing maintenance error factors. The framework enabled the
classification of observed issues into human, environmental, and organizational dimensions,
demonstrating its usefulness as an analytical tool for aviation maintenance safety.

Overall, the results suggest that aircraft maintenance errors arise from the combined influence of
human performance limitations, organizational practices, and environmental conditions,
emphasizing the need for a comprehensive and systemic safety management approach.
Recommendations from the Research

1. Strengthening Training Programs in Human Factors
The data analysis indicates that approximately 68% of respondents identified inadequate
training and human factor awareness as a key contributor to maintenance errors. Therefore,
aviation organizations should implement regular human factors and safety training programs
to improve awareness of error prevention strategies and decision-making during maintenance
tasks.

2. Improving Communication and Coordination Mechanisms
Survey findings reveal that around 61% of maintenance personnel reported communication
gaps during shift handovers and team coordination. It is recommended that organizations
introduce standardized communication protocols and digital handover systems to minimize
misinterpretation and information loss.
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3. Enhancing Maintenance Documentation and Procedures
The research findings show that about 55% of respondents experienced difficulties with
complex or unclear maintenance documentation. Simplifying documentation procedures and
integrating digital maintenance management systems could improve clarity and reduce
procedural errors.

4. Reducing Workload and Fatigue Factors
The study identified that nearly 64% of respondents associated high workload and fatigue
with increased error likelihood. Organizations should consider optimized shift scheduling,
adequate rest periods, and workload balancing to maintain operational safety and efficiency.

5. Implementation of the HFACS-PEAR Framework in Maintenance Operations
Hypothesis testing and analytical findings suggest that the integrated HFACS-PEAR
framework significantly improves the identification of human and organizational error
factors. It is recommended that aviation maintenance organizations adopt this framework as
part of their safety management systems (SMS) to support proactive error analysis and
prevention.

6. Integration of Digital and Predictive Maintenance Tools
Data trends from the study indicate that over 70% of respondents support the use of digital
inspection and predictive analytics tools to reduce maintenance errors. Therefore, integrating
Al-based diagnostic systems and predictive maintenance technologies could improve early
error detection and operational reliability.

7. Strengthening Safety Culture and Reporting Systems
The findings also show that about 59% of participants believe that improved safety culture
and non-punitive reporting systems would increase error reporting. Organizations should
promote a just-culture environment that encourages transparent reporting and learning from
maintenance incidents.

Graphs for data analysis

Relationship Between Workload/Fatigue and Maintenance Errors
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Regression Analysis: Predictor Influence on Maintenance Errors
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Conclusion
This study examined the role of human and organizational factors in contributing to aircraft
maintenance errors. The findings indicate that maintenance errors rarely occur as isolated technical
failures; instead, they result from the interaction of human performance limitations, organizational
conditions, and operational pressures. The statistical analysis demonstrated that workload and fatigue
were the strongest contributors to maintenance errors, while human factors awareness, effective
training, communication, and organizational safety culture significantly reduced the likelihood of
such errors.
The results further highlight that maintenance personnel operating under high workload conditions
are more prone to slips, lapses, and procedural deviations, particularly when supported by inadequate
documentation or limited supervisory oversight. At the same time, the study shows that structured
training programs and strong safety culture mechanisms can act as protective factors that improve
error recognition, reporting behavior, and overall maintenance reliability.
Overall, the research reinforces the systems-based perspective of aviation safety, emphasizing that
improving maintenance safety requires integrated interventions rather than isolated corrective
actions. Effective fatigue management, enhanced human factors training, improved communication
procedures, and proactive safety management practices are essential for reducing maintenance-
related risks. By addressing the complex interaction between human, organizational, and operational
variables, aviation organizations can strengthen maintenance reliability and contribute to safer and
more resilient aviation systems.
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