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Abstract. Safety performance remains a critical outcome in the aviation industry, where
maintenance errors are frequently associated with incidents, delays, and operational
disruptions. While prior studies emphasize technical training, limited attention has been
given to maintenance training as an organizational capability that enhances safety
outcomes, particularly in developing aviation environments. This study investigates how
maintenance training dimensions influence safety performance in Kenya's aviation
industry. Guided by Dynamic Capabilities Theory and Human Factors Theory, the study
adopted an explanatory research design using structured questionnaires administered to
maintenance engineers working in 26 Approved Aircraft Maintenance Organizations and
9 domestic airlines operating at Wilson Airport, Kenya. A census approach produced 142
valid responses. Data were analyzed using descriptive statistics, Pearson correlation, and
multiple regression analysis. The findings show that maintenance training significantly
predicts safety performance, with the regression model explaining 73.6% of the variance
(R? = 0.736). The model was statistically significant (F = 102.621; p < 0.001). All training
dimensions positively influenced safety performance: training simulators ( = 0.316),
training capacity (8 = 0.278), leadership support ( = 0.263), and training frequency (3 =
0.226). These results indicate that both technological resources and organizational
support systems are essential in improving aviation safety outcomes. The study concludes
that maintenance training operates as a dynamic organizational capability rather than a
routine operational function. Continuous investment in simulators, instructor capacity,
leadership commitment, and recurrent training strengthens competence renewal, reduces
human error risk, and improves safety performance. The findings provide practical
implications for regulators, airline managers, and maintenance organizations seeking to
enhance safety through capability-driven training systems in developing aviation
contexts.
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1. Introduction

Aviation is widely recognized as a high-reliability industry where organizational
survival depends on the consistent achievement of superior safety performance (Abu
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Talib et al.,, 2025; Cabrera & Melo de Sousa, 2022; Song et al., 2024; Wang et al.,, 2024).
Safety is not merely a regulatory requirement but a strategic outcome shaped by how
organizations mobilize knowledge, routines, and competencies to prevent failure in
complex socio-technical systems. Scholars such as Teece (2007) argue that firms
operating in turbulent and technology-intensive environments must continuously
reconfigure their internal capabilities to sustain performance. In aviation, this
reconfiguration is evident in how maintenance organizations update skills, procedures,
and learning systems to cope with evolving aircraft technologies. Similarly, Sameera et al.
(2021) and She et al. (2024) emphasizes that accidents are rarely isolated events but
outcomes of latent organizational weaknesses, particularly in training, supervision, and
procedural compliance. Ideally, therefore, aviation organizations should treat
maintenance training not as a routine activity but as a dynamic capability that
systematically strengthens safety performance.

Existing literature has long acknowledged the relationship between maintenance
practices and safety outcomes. Studies in aircraft engineering and safety management
show that maintenance errors account for a significant proportion of aviation incidents,
often linked to inadequate competence, outdated procedures, or human factors (Clare &
Kourousis, 2021; Decelles & Norton, 2016; Xing et al., 2023). Research on simulation-
based training further demonstrates that practical, scenario-driven learning reduces error
rates among maintenance technicians (Lu & Meng, 2023; Ostroumov & Kuzmenko, 2021).
Other scholars highlight that instructor quality, training resources, and structured
curricula are central determinants of maintenance effectiveness (Wang et al., 2025).
Despite this growing body of knowledge, much of the literature treats training as a
technical intervention rather than as an organizational system embedded in broader
strategic processes.

Empirical findings across aviation contexts reinforce the importance of structured
training systems. Moesl et al. (2022) found that frequent and comprehensive training
significantly improved technician proficiency in handling new aircraft systems. Auer et al.
(2023) and Ryffel et al. (2019) demonstrated that simulator training enhanced
maintenance decision-making accuracy. Leadership scholars such as Lyu et al. (2018)
argue that safety outcomes are strongly influenced by top management commitment to
learning and skill development. These studies collectively show that training, leadership,
and organizational resources are intertwined in producing safety performance. However,
they often examine these elements in isolation without integrating them into a unified
capability framework.

Theoretical advancements in strategic management offer a useful lens for
reconceptualizing maintenance training. Dynamic Capabilities Theory proposed by Teece
et al. (1997) and later elaborated by Teece (2007) posits that organizations achieve
sustained performance by sensing environmental changes, seizing opportunities, and
transforming internal competencies. In aviation maintenance, these processes manifest
through continuous training, updating of technical knowledge, and alignment with
regulatory standards. Complementing this view, the Human Factors Theory developed
byPérez-Sanchez et al. (2025) and Mohammad et al. (2022) explains how inadequate
training and organizational oversight contribute to accident chains. Together, these
theories suggest that maintenance training can be interpreted as a dynamic
organizational capability that interrupts error pathways and enhances safety
performance.
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Despite rich theoretical and empirical insights, notable research gaps remain. First,
most studies are conducted in developed aviation markets such as Europe, North
America, and the Middle East, where technological infrastructure and regulatory
enforcement differ significantly from developing countries. Second, prior research tends
to focus on single dimensions of training such as simulators or instructor quality without
examining how multiple training elements collectively shape safety outcomes. Third,
limited attention has been given to African aviation contexts, where resource constraints,
leadership challenges, and training capacity limitations may alter the effectiveness of
maintenance training systems (Serfontein & Govender, 2021; Zormelo & Gyebi-Garbrah,
2025). Kenyan studies (Owino et al., 2004; Wameyo et al., 2023) primarily address safety
management systems and capacity building but do not explicitly connect maintenance
training strategies to safety performance through a theoretical capability lens.

The Kenyan aviation sector presents a compelling context for this investigation. As a
regional hub for air transport in East Africa, Kenya experiences increasing air traffic,
technological adoption, and regulatory scrutiny. Reports from the Kenya Civil Aviation
Authority by Odula & Chege (2023) and accident investigations reveal recurring
maintenance-related occurrences linked to procedural lapses, documentation errors, and
insufficient technical preparedness. These realities suggest that existing training practices
may not adequately function as organizational capabilities capable of sustaining safety
performance. Understanding how training simulators, training capacity, leadership
support, and training frequency jointly influence safety outcomes is therefore both
practically urgent and theoretically relevant.

This study addresses these gaps by conceptualizing maintenance training as a
dynamic capability and empirically examining its effect on safety performance within
Kenya’s aviation industry. Specifically, the study investigates how training simulators,
training capacity, top leadership support, and training frequency influence safety
outcomes among aircraft maintenance organizations and domestic airlines. By integrating
Dynamic Capabilities Theory and Human Factors Theory, the research contributes to
strategic management, safety management, and aviation studies while offering actionable
insights for regulators, airline managers, and maintenance organizations seeking to
enhance safety performance through capability-driven training systems.

2. Methods

This study adopted an explanatory research design to establish causal relationships
between maintenance training capability and safety performance in the aviation industry.
An explanatory design is appropriate where the objective is to test theoretically grounded
relationships using empirical data and statistical modeling (Dzwigol, 2022; Haro-Sarango,
2026). Guided by Dynamic Capabilities Theory and Human Factors Theory, the design
enabled the study to examine how specific dimensions of maintenance training operate as
organizational capabilities that influence safety outcomes. The quantitative approach
allowed objective measurement of perceptions, practices, and performance indicators
across multiple aviation organizations.

The target population comprised maintenance engineers working in 26 Approved
Aircraft Maintenance Organizations and 9 domestic airlines operating at Wilson Airport.
These organizations were selected because aircraft maintenance activities are primarily
conducted within these entities, making them appropriate contexts for assessing
maintenance training practices. The unit of observation was licensed maintenance
engineers and technicians directly involved in aircraft inspection, repair, and servicing.
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Given that the total accessible population was below 200, a census approach was
employed to include all eligible respondents, ensuring comprehensive coverage and
minimizing sampling error (Dubey & Kothari, 2022).

Primary data were collected using a structured questionnaire consisting of closed-
ended items measured on a five-point Likert scale. The instrument was developed from
validated constructs in aviation safety, training systems, and organizational capability
literature, covering four independent variables namely training simulators, training
capacity, leadership support, and training frequency and one dependent variable, safety
performance. Prior to the main survey, the questionnaire was pilot-tested to assess
clarity, reliability, and content validity. Necessary revisions were made to ensure that the
items accurately reflected maintenance training practices and safety indicators within the
aviation context.

Data collection was conducted through the drop-and-pick method with the assistance
of trained research assistants to ensure high response rates and proper administration of
the instrument. Out of 175 distributed questionnaires, 142 were returned duly completed,
representing a response rate of 81.2 percent. Ethical considerations were observed by
assuring respondents of confidentiality, voluntary participation, and anonymity.
Permission to conduct the study was obtained from relevant organizational authorities
within the participating aviation entities.

The collected data were analyzed using the Statistical Package for the Social Sciences.
Descriptive statistics including means and standard deviations were used to summarize
respondents’ perceptions of maintenance training practices. Inferential analysis involved
Pearson correlation to examine relationships among variables and multiple regression
analysis to determine the predictive effect of maintenance training dimensions on safety
performance. The regression model tested the extent to which training simulators,
training capacity, leadership support, and training frequency jointly explained variations
in safety outcomes, thereby validating the conceptualization of maintenance training as a
dynamic organizational capability.

3. Results and Discussion

3.1. Maintenance Training as a Core Organizational Capability

Maintenance training functions as a central organizational capability that
significantly determines safety performance in aviation organizations. The regression
model shows that the four dimensions of maintenance training jointly explain 73.6% of
the variance in safety performance (R®> = 0.736). In organizational and management
research, such a high coefficient of determination is rare and indicates that the
independent variables are not marginal contributors but dominant predictors of
performance outcomes. This statistical evidence positions maintenance training beyond
an operational routine and reframes it as a strategic capability embedded within
organizational systems.

The strength of this relationship becomes clearer when considering the complex and
technology-intensive nature of aviation operations. Aircraft maintenance requires
continuous updates in technical knowledge, adherence to strict procedures, and
adaptation to evolving aircraft systems. The finding aligns with the argument of Teece
(2007) that firms operating in dynamic environments must constantly reconfigure
internal competencies to sustain performance. Maintenance training, therefore, acts as
the mechanism through which aviation organizations sense technological change, seize
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learning opportunities, and transform their human resource capabilities into safety
outcomes.

The statistical significance of all four training dimensions (p < 0.05) further indicates
that safety performance is influenced by a system of interrelated training practices rather
than a single intervention. Training simulators provide experiential learning, training
capacity ensures availability of instructional resources, leadership support facilitates
resource commitment, and training frequency sustains competence renewal. The
combined influence of these elements demonstrates that maintenance training operates
as an integrated organizational system rather than isolated training events.

From a safety management perspective, this finding suggests that incidents and
procedural lapses are less likely to occur in organizations where training systems are
institutionalized. When maintenance engineers are continuously exposed to structured
learning environments, the probability of diagnostic errors, improper installations, and
documentation mistakes reduces significantly. This supports the Human Factors view of
Mohammad et al. (2022) that organizational safeguards such as training interrupt
potential error chains before they translate into accidents.

The magnitude of the explanatory power also highlights that safety performance is
more dependent on internal capability development than on external regulatory
enforcement alone. While aviation regulations mandate compliance, this study shows that
the real determinant of safety lies in how organizations internalize training as a capability
that sustains compliance. In other words, regulation sets the standard, but maintenance
training enables organizations to consistently meet that standard.

This finding reframes maintenance training from a cost center into a value-creating
organizational investment. Aviation firms that view training as a dynamic capability are
better positioned to maintain operational reliability, reduce incident rates, and strengthen
safety performance over time. This conceptual shift is critical for aviation managers and
regulators in developing contexts where training is often underprioritized due to resource
constraints.

Table 1 Regression Model Summary Showing the Influence of Maintenance Training on
Safety Performance

Model Value Interpretation
Indicator
R 0.858 Strong overall correlation between variables
R Square (R?) 0.736 73.6% of safety performance explained by training
variables
Adjusted R? 0.719 High model stability after adjustment
F-value 102.621 Model is statistically significant

Significance (p)  0.000 Relationship is highly significant

Source: Research findings (2026)

Table 1 shows that the regression model possesses strong explanatory power, with
an R? of 0.736 indicating that maintenance training dimensions account for most of the
variation in safety performance. The high F-value and significant p-value confirm that the
model is statistically robust, validating the interpretation of maintenance training as a
core organizational capability rather than a peripheral operational practice.

3.2. Leadership and Training Capacity as Dominant Drivers of Safety
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Training capacity (f = 0.278) and leadership support (f = 0.263) exert stronger
practical effects on safety performance than the availability of training simulators when
examined within the integrated regression model. Although simulators are statistically
significant, the data indicate that the organizational enablers surrounding training have a
more decisive influence on safety outcomes. This demonstrates that safety performance is
shaped more by how training is organized, supported, and sustained than by the presence
of training technology alone.

The standardized beta values reveal that training capacity and leadership support
contribute nearly as much as simulator-based training to safety performance, despite
requiring fewer technological investments. This indicates that aviation organizations can
achieve substantial safety improvements through strengthening instructional resources,
trainer competence, and leadership commitment even before acquiring advanced
simulation technologies. Organizational readiness, therefore, determines the effectiveness
of training tools.

Training capacity reflects the availability of qualified instructors, structured
curricula, training materials, and sufficient time allocated for learning. Where these
elements are inadequate, even well-equipped simulators remain underutilized. The
finding suggests that safety performance depends on whether maintenance engineers
have consistent access to knowledgeable trainers and well-designed learning frameworks.
In practical terms, insufficient trainers or poorly structured programs weaken the
potential benefits of technical training devices.

Leadership support emerges as equally influential because it determines how
resources are allocated to training activities. When top management prioritizes training,
budgets are approved, external courses are facilitated, and employees are encouraged to
engage in continuous learning. This finding extends the safety leadership by showing that
leadership influences safety indirectly through strengthening training capability rather
than only through promoting safety culture narratives.

The combined effect of leadership and training capacity indicates that maintenance
training is fundamentally an organizational system rather than a technological
intervention. Aviation organizations that invest in human instructional resources and
managerial support create an environment where learning becomes continuous and
embedded in daily operations. This reduces procedural lapses, improves fault diagnosis,
and strengthens compliance with maintenance standards.

This finding highlights that aviation sectors operating under resource constraints can
significantly enhance safety performance by first strengthening organizational training
foundations. Before investing heavily in expensive simulators, firms may realize greater
safety gains by building instructor competence, structured training programs, and strong
leadership involvement in training decisions.

Table 2 Standardized Beta Coefficients Showing Relative Influence on Safety Performance

Training Standardized Beta Significance Relative Influence on
Dimension (B) (p) Safety
Training 0.316 0.000 High but technology-
Simulators dependent
Training Capacity 0.278 0.000 Very high organizational
driver
Leadership 0.263 0.000 Very high managerial
Support driver
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Training 0.226 0.001 Moderate but essential
Frequency driver

Source: Research findings (2026)

Table 2 illustrates that although all training dimensions significantly influence safety
performance, training capacity and leadership support exhibit nearly comparable and
practically dominant effects relative to simulator availability. This confirms that
organizational and managerial factors surrounding training are more decisive in
enhancing safety performance than reliance on technological tools alone.

3.3. Training Frequency as a Critical Safety Determinant

Training frequency is a critical determinant of safety performance within aviation
maintenance organizations. The regression results indicate that training frequency has a
positive and statistically significant effect on safety performance (§ = 0.226; p < 0.05),
confirming that organizations conducting training more regularly tend to experience
better safety outcomes. This means that the challenge in many aviation organizations is
not necessarily the absence of training programs, but rather the inconsistency, irregular
scheduling, and uneven implementation of those programs. In highly regulated and
technologically complex industries such as aviation, competence must be continuously
refreshed rather than assumed to remain stable over time.

This finding strongly aligns with the Human Factors Theory proposed by Corlett
(1972), particularly the Swiss Cheese Model, which explains that accidents occur when
multiple layers of organizational defenses weaken simultaneously. In maintenance
environments, infrequent training creates hidden gaps in knowledge, procedural
awareness, and decision-making readiness. When these weaknesses combine with
operational pressure, fatigue, or communication breakdowns, the probability of
maintenance error increases. Regular training therefore functions as a protective barrier
that closes these gaps before they develop into incidents or technical failures.

From a learning perspective, the result is also supported by the forgetting curve
developed by Otgaar et al. (2023), which demonstrates that human memory deteriorates
when knowledge is not reinforced periodically. Maintenance engineers work with
complex manuals, inspection standards, torque procedures, digital diagnostics, and safety
documentation that require constant recall accuracy. Without recurrent learning
exposure, previously mastered competencies may decline. Frequent refresher training
helps retain procedural memory, sharpen technical judgment, and reduce the risk of skill
decay in day-to-day maintenance operations.

The significance of training frequency also reflects the realities of rapid technological
change in modern aviation systems. Contemporary aircraft integrate advanced avionics,
automated diagnostics, composite materials, and software-based maintenance interfaces.
According to Teece (2007), organizations in dynamic environments sustain performance
through continuous capability renewal. In this context, frequent training becomes a
mechanism of dynamic capability because it enables maintenance personnel to adapt
quickly to new technologies, revised manufacturer standards, and changing regulatory
requirements. Safety performance improves when learning cycles move at the same pace
as technological change.

This result is consistent with prior empirical aviation studies. Salas et al. (2012)
argued that training effectiveness depends not only on quality but also on repetition and
reinforcement over time. Similarly, Wilson et al. (2023) found that recurrent technical
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training significantly improved technician proficiency in handling new-generation aircraft
systems. These studies support the present finding that one-off training events provide
limited long-term benefit, whereas sustained and scheduled learning interventions
produce stronger operational competence and safer work behavior.

Another important implication concerns organizational culture. Frequent training
sends a symbolic message that safety is an ongoing priority rather than an occasional
compliance exercise. When employees repeatedly participate in toolbox training,
procedural refreshers, hazard briefings, and scenario simulations, safety becomes
embedded in everyday routines. Dauber (2024) explains that organizational culture is
reinforced through repeated managerial practices and shared learning experiences. Thus,
regular training not only upgrades competence but also institutionalizes a culture of
vigilance, discipline, and professional accountability.

From a managerial standpoint, the finding suggests that aviation organizations
should shift their focus from counting training attendance to designing continuous
learning systems. Many firms invest in annual or irregular training merely to satisfy audit
requirements, yet such episodic approaches may fail to sustain competence. Instead,
organizations should implement quarterly refreshers, monthly technical briefings, post-
incident learning sessions, and recurring simulator drills. As Goldstein & Ford (2002)
note, effective training systems depend on continuity, transfer of learning, and workplace
reinforcement rather than isolated classroom delivery.

1. PREVENTS ERROR CHAINS "/

(HUMAN FACTORS)
+ Reason (1990) - Swiss Cheese Model: / «» Ebbinghaus (1885) - Forgetting Curve:
accidents occur when defenses | . II

memory declines without reinforcement.
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_
: - — =
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Figure 3 Training Frequency as a Critical Determinant of Safety Performance in Aviation
Maintenance Organizations

Figure 3 illustrates that training frequency functions as a critical determinant of
safety performance in aviation maintenance organizations. At the center of the model,
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regular, systematic, and continuous training is presented as the main mechanism for
strengthening employee competence and improving operational safety. The surrounding
branches explain that frequent training helps prevent error chains by reinforcing
organizational defenses, sustains technical knowledge over time by reducing skill decay,
and enables faster adaptation to technological changes and updated regulations. The
diagram also highlights empirical evidence showing that repeated training is more
effective than one-off programs because it improves proficiency and long-term learning
retention. In addition, regular training contributes to a stronger safety culture by
promoting vigilance, discipline, and accountability among maintenance personnel.
Overall, the figure demonstrates that organizations implementing continuous training
systems are more likely to achieve lower human error risk, higher compliance, stronger
reliability, and improved overall safety performance.

This study demonstrates that training frequency is not a peripheral administrative
variable but a strategic safety mechanism. Frequent training sustains competence,
strengthens organizational defenses, supports adaptation to technological change, and
reinforces safety culture. In practical terms, aviation organizations seeking to improve
safety performance should prioritize structured recurrent training schedules as seriously
as they prioritize equipment maintenance itself. In high-risk industries, machines require
periodic servicing, and human expertise requires the same discipline.

4. Conclusions

This study confirms that maintenance training functions as a significant
organizational capability in explaining safety performance within Kenya’s aviation
industry. The regression model demonstrates strong explanatory power, with R = 0.858,
R? = 0.736, and Adjusted R® = 0.719, indicating that 73.6% of the variation in safety
performance is explained by training simulators, training capacity, leadership support,
and training frequency. The overall model is statistically significant (F = 102.621; p =
0.000). Individually, all dimensions exert positive and significant effects on safety
performance, with training simulators showing the strongest standardized effect ( =
0.316), followed by training capacity (3 = 0.278), leadership support (f = 0.263), and
training frequency (B = 0.226). These findings indicate that both technological and
organizational dimensions of training are central predictors of safer maintenance
operations.

The discussion reveals that maintenance training should be understood not as a
routine administrative activity but as a dynamic capability that enables aviation
organizations to continuously renew competencies, adapt to technological complexity,
and sustain compliance with safety standards. Training simulators improve experiential
learning and decision accuracy, while training capacity ensures the availability of
qualified instructors, learning resources, and structured curricula. Leadership support
strengthens safety outcomes through strategic commitment and resource allocation,
whereas training frequency preserves competence and prevents skill decay through
continuous reinforcement. Collectively, these findings integrate Dynamic Capabilities
Theory and Human Factors Theory by demonstrating that safety performance emerges
when organizations institutionalize learning systems capable of interrupting human error
pathways and responding to environmental change.

Despite its contributions, this study has several limitations. First, the research was
conducted within Approved Aircraft Maintenance Organizations and domestic airlines
operating at Wilson Airport, which may limit generalizability to broader African or global
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aviation contexts. Second, the cross-sectional design captures relationships at one point in
time and cannot fully explain long-term causal dynamics. Third, the study relies on self-
reported questionnaire data, which may involve perceptual bias. Future research should
employ longitudinal designs, comparative cross-country studies, and mixed-method
approaches to capture deeper organizational processes. Further studies may also examine
additional variables such as safety culture, digital maintenance systems, regulatory
enforcement, employee motivation, and organizational learning as mediating or
moderating factors in the relationship between training capability and safety
performance.
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