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Introduction: In the aviation industry, safety management has moved away
from capturing frontline failures toward the management of systemic conditions
through organizational safety management systems (SMS). However, subjective
differences can influence the classification of active failures and their associated
systemic precursors. With levels of professional experience known to influence
safety attitudes, the present research examines whether experience levels among
airline pilots had an impact on the classification of causal factors using the Human
Factors Analysis and Classification System (HFACS). Differences in the paths of
association between categories were evaluated in an open-system context.

Method: Pilots working in a large, international airline were categorized into high
(>10,000 total flight hours) and low (<10,000 h) experience groups and asked to
classify aircraft accident causal factors using the HFACS framework. One-way
ANOVA tests were carried out to determine experience effects on the utilization
of the HFACS categories, and chi-squared analyses were used to assess the
strength of association between different categories within the framework.

Results: Results from 144 valid responses revealed differences in the attribution
of human factors conditions. The high experience group was more inclined
to attribute deficiencies to high-level precursors and found fewer paths of
associations between different categories. In contrast, the low experience group
presented a greater number of associations and was comparatively more affected
by stress and uncertainty conditions.

Discussion: The results confirm that the classification of safety factors can be
influenced by professional experience, with hierarchical power distance impacting
the attribution of failures to higher-level organizational faults. Different paths of
association between the two groups also suggest that safety interventions can
be targeted through different entry points. Where multiple latent conditions are
associated, the selection of safety interventions should be made with consideration
of the concerns, influences, and actions across the entire system. Higher-level
anthropological interventions can change the interactive interfaces affecting
concerns, influences, and actions across all levels, whereas frontline-level functional
interventions are more efficient for failures linked to many precursor categories.

safety management system, risk assessment, Human Factors Analysis and Classification
System, power distance, safety promotion, Human Factors Intervention Matrix

1. Introduction

Safety management in aviation integrates the concepts of system safety with human factors
and human performance in system design and operation. In airline operators, the safety
management function is responsible for the integration of safety-related activities across
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different parts of the organization through a safety management
system (SMS) framework. Industry best practice follows a generic
framework with four major elements—Safety Policy and Objectives,
Safety Risk Management, Safety Assurance, and Safety Promotion—all
of which are generally held within organizational boundaries (1).

Aviation safety management has moved away from focusing on
frontline errors and toward focusing on systemic threats held dormant
elsewhere in an organizational system (2). However, subjective biases
can affect which systemic threats are selected as inputs to the SMS
framework. To illustrate, the first SMS element of Safety Policy and
Objectives establishes standards and targets in relation to threats and
precursors. These factors in turn informs the elements of Safety Risk
Management and Safety Assurance, such as by plotting the likelihood
of occurrence of each factor against the severity of the potential
consequences in a safety risk matrix to calculate and manage the level
of safety risk (1). Although human error frameworks have been
devised to assist in the classification and evaluation of threats and
precursors, the selection of factors for inclusion is still dependent on
the context or environment within which they are interpreted, and the
appraised risk levels may be influenced by what the investigator
subjectively considers to be relevant and tolerable (3). Unless an
understanding of the values and beliefs guiding the assessment of
threats and precursors are obtained, the issue is that it will remain
difficult to ensure that SMS frameworks are adequately encompassing.

As experience within a professional environment is known to
influence the values, pattern identification, and problem assessment
strategies among individuals (4-6), the first goal of the present research
is to investigate how experience levels among analysts can influence the
classification of causal factors. In addition, as the initial analysis of
causal factors will, in most cases, be used to inform the creation of
intervention strategies in the final Safety Promotion element of the SMS
framework (7), an understanding of how different people view
interactions between threats and precursors will help to ensure that
interventions to rectify causal factors are considered to be relevant by
the target audience. Thus, the second objective of the present research
is to determine whether high and low experience groups differed in
their identification of paths of associations between active failures and
latent conditions. The purpose of this research is to inform
improvements in safety management by gaining an understanding of
how professional experience can affect the classification and evaluation
of errors, threats, and their associated latent conditions.

2. Literature review
2.1. Aims and objectives

The present research attempts to bridge the gap in the interface
between two concepts. The first concept is that acculturation to a
professional environment will alter individuals classification of threats
and precursors into categories. The second concept is that the paths of
association between these categories are reflective of individuals’ beliefs
of relevance between active failures and latent conditions in the cause-
and-effect relationship of human factors faults. The identification of
threats and precursors functions as the input factor for safety
management. An understanding of how professional influences can affect
how these factors are classified and associated with each other will
be useful for safety managers in the development of relevant human
factors interventions for SMS implementation.
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The Human Factors Analysis and Classification (HFACS)
framework provides a taxonomic approach for the classification of
active failures and latent conditions in the lead up to an incident or
accident (8). The structured, taxonomic nature of HFACS enables the
comparison of classification consistency between groups of analysts,
as well as the examination of associations between the categories and
levels within the taxonomy. As this paper was part of a project
evaluating SMS in the flight operations department of an airline,
acculturation to the professional environment was measured by
comparing the respondents’ flying experience in total flight hours. In
cases where two or more categories were associated to a significant
degree, their interactive contexts were reviewed in an interactive
open-system model (9). Practical differences in the development of
safety interventions were also reviewed in the context of organizational
practices and attitudes to assist in the selection of more viable
intervention strategies.

Thus, the research questions are:

1. Does professional experience (as measured in total flight
hours) influence the classification of safety factors into
HFACS categories?

2. Do the paths of association between HFACS categories differ
between high and low experience groups?

3. In cases where significant associations between two categories
are identified, how can SMS practitioners select more favorable
human factors interventions?

2.2. The HFACS framework and human
factors interventions

The Human Factors Analysis and Classification System (HFACS)
was developed for analyzing human error based on the
interrelationships between active failures and latent conditions
(Table 1). Causal factors are classified into a structured framework
including 18 categories across four consequential levels (L1-L4).

TABLE 1 The Human Factors Analysis and Classification System (HFACS)
framework.

Level 4: organizational influences « Resource management organizational

climate organizational process
Level 3: unsafe supervision « Inadequate supervision
« Planned inappropriate operations

« Failed to correct a known problem

Supervisory violations

Level 2: preconditions for unsafe acts o Adverse mental states

Adverse physiological states

Physical/Mental limitations

« Crew resource management

Personal readiness
« Physical environment

« Technological environment

Level 1: unsafe acts of operators « Decision errors
o Skill based errors
o Perceptual errors

« Violations
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Starting from classifying causal factors into active failure categories at
the lowest level, analysts work upwards through the framework to
classify the associated precursor latent conditions using the presented
taxonomies (8). After the active failures and latent conditions related
to an occurrence have been classified into HFACS categories, the inter-
relationships between the categories can be statistically identified.
Mitigation strategies can then be created for each condition by five
different types of intervention approaches as proposed in the Human
Factors Intervention Matrix (HFIX) (10). These include organizational/
administrative; human/crew; technology/engineering; task/mission;
and operational/physical environment approaches. Evaluation criteria
of cost, acceptability, feasibility, effectiveness, and sustainability can
then be applied to each intervention to assess the likelihood of success
(Table 2). By pitting HFACS failure categories against the five types of
intervention approaches in HFIX, the comprehensiveness of SMS
intervention strategies can be strengthened by ensuring that a wide
array of possible interventions is considered. The idea is to
comprehensively utilize as many categories as possible and satisfying
as many evaluative criteria as possible, to ensure the breadth and depth
of human factors interventions (10).

Deficiencies in the HFACS framework can make the subsequent
development of intervention strategies problematic. One problem
arises from the fact that all four levels of HFACS are contained within
the boundaries of a closed, organizational system. If the outcomes of
the closed-system analysis are used exclusively as the basis for
developing human factors interventions, then the resulting
interventions will become narrowly focused on organizational
solutions. High level organizational solutions (i.e., HFACS L3-L4)
were found to have limited control over the frontline work processes
(11). Organizational processes can be affected by a range of
occupational factors external to the organization, and employees
within organizations can simultaneously belong to many cultural
groups (12). It was therefore considered necessary to investigate
whether the demographics of HFACS analysts had an influence on
how causal factors are classified within the taxonomy.

The second problem is that the application of HFACS data
requires the statistical examination of paths of association between
categories. These paths of association are reflective of how analysts
assessed the inter-relationships between active failures and latent
conditions. Interventions to rectify a specific failure are likely to
be evaluated as more favorable if they are directed at associated latent
conditions. With multiple paths of association, it may be possible for
an active failure to be resolved through a range of intervention
methods spread across several categories. While previous research has
identified direct associations between latent conditions at the higher
organizational and supervisory levels (L3 and L4) with active failures
at the frontline (L1) (13), these paths of association may differ among
analyst groups. Socio-economic contexts, for example, were

TABLE 2 Intervention approaches and evaluative criteria proposed in the
Human Factors Intervention Matrix.

Intervention approaches Evaluative criteria

« Organizational/Administrative o Cost

o Human/Crew o Acceptability
o Technology/Engineering « Feasibility

« Task/Mission o Effectiveness

« Operational/Physical environment « Sustainability
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considered to directly affect the actions of frontline workers at HFACS
level 1 without influencing the higher-level systemic conditions (11,
14). Therefore, in combination with the likelihood of demographic
effects on the classification of causal factors within HFACS, it was also
imperative to determine whether the paths of association between
categories differed between groups.

2.3. An open-system model of safety and
professional values

Although the identification of paths of association using HFACS
enables SMS practitioners to direct human factors interventions
toward associated categories, it is not always possible for organizations
to implement every possible intervention (10). This can occur in
situations where there are multiple paths of association originating
from one category, or when not all precursors can be rectified due to
factors such as cost or time constraints. An evaluation of the
interactions between latent conditions and intervention strategies in
the open-system context can assist in the selection of more favorable
human factors interventions for implementation.

Based on a review of human factors influences in a range of high
reliability organizations, Morley and Harris (9) presented the Open-
System (Ripple) Model which extends the composition of safety culture
across six layers in an open system (Figure 1). The core and the two
layers immediately surrounding it are representative of organizational
factors, roughly overlapping with HFACS. The three outer layers extend
beyond the organization. Unlike in HFACS where latent conditions are
classified into explicit categories, in the Ripple Model latent conditions
transpire across the various layers through the interactive meta-
categories of concerns, influences, and actions. By integrating latent
conditions with open-system meta-categories, the Safety Promotion
element of the SMS can be made more relevant to the target audience
(1). For example, interventions directly focusing on active failures at
the frontline are unlikely to be effective, as the actions of workers are
still constrained by outer-layer concerns (e.g., regulations from society
and government) and influences (e.g., equipment availability from
management influences). In this case, if paths of association between
the active failure and latent conditions have been identified, then a
more viable option may be to intervene through higher-level
conditions. Interventions at the outer “society” layer, for example, will
concurrently cover the HFIX approaches of human/crew (actions of
line workers), organizational/administrative (changes in equipment
provision), and task/mission (reflective of societal expectations).

Notably, at the outermost level of the Ripple Model is the society
layer which represents culturally-influenced values such as
perceptions of risk and the willingness to pay for safety (9). In the
aviation context, social influences work in association with
organizational influences on influencing risk-taking behaviors (15).
Although these social values are typically considered as
manifestations of national culture, professional training and
experience within occupational environments are also known to
indoctrinate cultural responses. In aviation, these occupational
factors include shared training, social and physical distance to the
organization, confined work environments, occupational lifestyles,
and loyalty to work interfaces (5). People with more experience
within specific professions are better able to piece together
information based on the identification of familiar patterns (6), and
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experts tend to develop strategies to cope with stress and
uncertainty in problem assessment (4). It is therefore plausible that
interactions between latent conditions and the meta-categories of
concerns, influences, and actions will differ depending on the levels
of experience and expertise. To understand how experience and
expertise can subsequently affect the creation of diversified human
factors interventions within the SMS, a measure to quantify
operator experience needs to be established.

2.4. Professional experience, expertise, and
organizational hierarchies

As this paper was part of a project evaluating SMS in airline flight
operations departments (i.e., the pilot department), a literature review
was carried out to determine how previous researchers measured
experience and expertise among pilots. Possession of more advanced
licenses and working for larger airlines were known to be associated
with a lower incidence of error (16, 17). However, these variables are
of limited relevance for organizational SMS applications where all the
participants will be working in the same organization, with identical
prerequisite licenses.
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Individual flying experience as measured by total flight hours
(TFH) has been widely employed as a measure of expertise, with
higher TFH linked with declining error rates (18) and having a
protective effect against violations (19). TFH was also known to
affect pilots’ perception of own performance and decision-making
processes, with higher flight hours related to higher scores in
recognizing problems and implementing solutions (20). In addition,
TFH has been championed as a more relevant proxy measure of
expertise than other quantitative measures such as error rates and
performance parameters. Precise aircraft control may not actually
be reflective of expertise as airline flying requires a mix of cognitive,
manipulative, and interactive skills (21). Experts may be doing
things in a qualitatively different manner, such as by making minor
sacrifices to flight control accuracy to leave cognitive space for
other tasks.

TFH is also a better measure of experience at the multi-crew or
system-level as it enables the comparison of power distance both
between and within ranks. Between ranks, one’s organizational
position is a prominent predictor of speaking-up, and seniority can
reduce status barriers to challenge those in power (22, 23). It is
probable that higher ranking pilots (e.g., senior Captains) will
be more likely to classify latent conditions to higher HFACS levels.
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However, relative power distance within ranks may also affect
teamwork behaviors. Todd & Thomas (24) found flight crews
consisting of a high-hour Captain and a low-hour First Officer (the
high power distance scenario) to have scored significantly lower on
monitoring and cross-check markers than with higher-hour First
Officers (same role and rank pairing, but comparatively lower power
distance). Crews lower in power distance had a greater number of
positive teamwork behaviors (25). The use of TFH as a measure of
experience can therefore help to capture these power distance factors
influencing interactive interrelations in the wider system.

2.5. External factors driving safety
management interventions through safety
culture

Based on the different groups’ classification of causal factors using
HFACS, the HFIX framework (Table 2) can be applied in the
development of human factors interventions that are congruent with
the unique characteristics of each demographic group. However,
HFIX interventions and their evaluative criteria may not be directly
applicable in the organizational context. As the SMS is generally held
within organizational boundaries, each organization should
implement a rationalization process to evaluate intervention strategies
in accordance with their own organizational context (26).

As safety culture relates to an organization’s attitudes toward
safety, it provides a good starting point for assessing whether safety
practices or human factors interventions are suitable. Safety culture is
defined by the values, beliefs, problem-solving methods, and working
practices within an organization (27). The first two criteria (values and
beliefs) can be viewed from an anthropological perspective, with
culture representing shared, tacit patterns of meaning that people
draw on as they decide on how to behave (28). On the other hand, the
last two criteria (methods and practices) can be understood from a
functionalist perspective, representing explicit patterns of behaviors
of the people performing the task (28, 29). Thus, safety culture is both
the driver and the product of safety practices (30).

When coming up with human factors interventions, safety
managers need to understand which aspect of the safety culture they are
trying to change. To change the anthropological aspects, overarching
changes in culture and system interactions are required to generate new
values and beliefs that dictate how people behave. These will typically
originate from the outer levels of the Ripple Model and act through the
meta-categories of concerns, influences, and actions. On the other hand,
the functionalist methods and practices can be rectified by tangible,
function-based changes closer to the central line-worker levels (31).
However, these function-based changes are less desirable as the possible
range of improvements are ringfenced (32). To illustrate, consider the
example of functional changes to the technological user interface (which
would be classified at HFACS level 2). These changes will have limited
impact on safety outcomes unless the supervisory (L3) and
organizational (L4) levels commit to providing resources to implement
relevant training and monitoring programs. Both the interactive
interfaces (for anthropologic changes) and the boundary at which the
ringfencing occurs (for functionalist changes) are dependent on the how
the human factors interventions are implemented across levels. This will
in turn affect which of the HFIX intervention approaches are covered,
and how these approaches are evaluated within HFIX.
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3. Methods
3.1. Participants

Participants were recruited by convenience sampling through pilot
union membership lists. Ethics approval was provided by the research
institute Ethics Committee (CURES 12290/2020), and data collection
took place from November 2020 to January 2021. One-hundred and
forty-seven (N=147) airline pilots participated in the present research,
including Captains (n=65), Co-Pilots (n=77), and Other/Not
Reported (n=5). Age ranged from 25 to 65 years, mean=42.3, SD=9.5.
Mean flying experience was 10,268 h, SD=6,661. Participants with less
than 10,000 h were categorized into the low experience group, whereas
their colleagues with 10,000h or more were assigned into the high
experience group. Ten-thousand hours of total flight time was selected
as the cut-off point as it was the median point of the collected data, and
because it coincidentally corresponded with previous studies which
found the protective benefit of increased pilot experience on frontline
violations to diminish after 10,000 flight hours (19).

3.2. Coding framework

The Human Factors Analysis and Classification System (HFACS)
was employed as the coding framework for the present study. Developed
from an analysis of accident reports, HFACS provides analysts with a
four level framework of latent and active failure taxonomies (8) (Table 1).
At the first level are categories relating to Unsafe Acts of Operators,
representing active failures at the frontline which directly led to the
accident or incident. The latent or dormant conditions which were
associated with these active failures in the causal sequence can then
be classified across the three upper levels covering the Preconditions for
Unsafe Acts (L2), Unsafe Supervision (L3), to Organizational Influences
(L4). A total of 18 causal categories distributed across the four levels were
provided to classify specific active or latent failures. Each higher level
affects the next downward level, and in theory if one of the conditions at
any level is corrected, then the sequence of latent conditions is cut off
and the active failure or adverse outcome will be prevented (8).

3.3. Research design

A survey hosted on the Qualtrics platform' was used for data
collection. Members of an airline pilot union were sent an
anonymous hyperlink to the survey via email. The union
represents the pilots working for a large international airline based
in an East Asian city-state, with 70% of its members identifying as
expatriates. A hyperlink in the email directed the participants to
an information page describing the research purpose, ethics, data
handling protocols, and participant rights. At the end of this page,
the participants’ consent was sought, and if they provided consent
then the webpage redirected the participants to the main survey.
The first part of the survey contained demographic questions
which enabled the categorization of participants according to

1 eu.qualtrics.com
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their experience levels. The second part of the survey included the
HFACS coding exercise which was based on an analysis of the
official accident report of a mid-air collision between a Tupolev
154 and Boeing 757 aircraft over Uberlingen, Germany on the Ist
of July 2002 (33). The accident occurring over Uberlingen was
selected as the case study subject for several reasons. Firstly, it was
frequently used in numerous studies on HFACS and other
accident and incident investigation methodologies (34, 35).
Secondly, the accident involved a plethora of system players as it
occurred at the interface between different states, organizations,
operators, and professions. Subsequent to the publication the
official accident report, the accident has been reanalyzed from
different perspectives, including technical and regulatory faults
(36), situational awareness (37), and human factors and system
errors (38). Participants were provided with a short description of
the accident and contributing factors were presented as survey
statements. Selection boxes containing the 18 HFACS categories
were placed alongside each contributing factor statement.
Participants were instructed to select the boxes corresponding to
the HFACS category (or categories) that they considered to be the
most suitable, or to select none, if they did not think that the
contributing factor fit into any of the 18 HFACS categories. Each
category was counted only once per response, simply as an
indicator of presence, to avoid over-representation.

10.3389/fpubh.2023.1144921

4. Results
4.1. Sample characteristics

After screening for missing and invalid data, 144 of the 147 total
responses were included in the final analysis. In the present results,
the low experience group (n=67) was made up of two Captains
(3.0%), 62 Co-Pilots (92.5%), and 3 Other/Not Reported (4.5%),
whereas the high experience group (n=77) consisted of 62 Captains
(80.5%) and 15 Co-Pilots (19.5%). Hours of flight experience was
therefore approximately representative of rank. The frequency of
participants choosing a particular HFACS category as contributory
to the Uberlingen mid-air collision is presented in Table 3. As each
participant was able to select any number of HFACS categories over
the course of the coding exercise, there were different levels of
frequency overlap which makes the overall frequency of classification
unrelated to the number of participants within each group.

4.2. Experience effects on HFACS
classification

Based on the differences in HFACS classification between the
high and low experience groups, statistical tests were carried out to

TABLE 3 Frequency and percentage of participants from the low and high experience groups who indicated an HFACS category as a contributory factor

in the Uberlingen accident.

HFACS categories

Low experience (n=67)

High experience (n=77)

Frequency of classification= 574 100.0% 682 100.0%
Level 1 Decision errors 34 5.9% 27 4.0%
Skill based errors 40 7.0% 57 8.4%
Perceptual errors 31 5.4% 41 6.0%
Violations 23 4.0% 26 3.8%
Level 1 total 128 22.3% 151 22.1%
Level 2 Adverse mental states 21 3.7% 16 2.3%
Adverse physiological states 5 0.9% 10 1.5%
Physical/Mental limitations 53 9.2% 46 6.7%
Crew resource management 32 5.6% 46 6.7%
Personal readiness 17 3.0% 20 2.9%
Physical environment 13 2.3% 7 1.0%
Technological environment 55 9.6% 67 9.8%
Level 2 total 196 34.1% 212 31.1%
Level 3 Inadequate supervision 17 3.0% 18 2.6%
Planned inappropriate operations 51 8.9% 57 8.4%
Failed to correct a known problem 32 5.6% 48 7.0%
Supervisory violations 15 2.6% 19 2.8%
Level 3 total 115 20.0% 142 20.8%
Level 4 Resource management 30 5.2% 47 6.9%
Organizational climate 48 8.4% 66 9.7%
Organizational process 57 9.9% 64 9.4%
Level 4 total 135 23.5% 177 26.0%
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determine if there was a significant effect of experience on HFACS
classification across 18 categories, and also across the four levels. As
the high and low experience groups were independent, and the
sample sizes were approximately balanced and reasonably large
(n>25), the assumptions for ANOVA were met. One-way ANOVA
tests were performed using Minitab (version 21). The results showed
that there was a significant, large effect of experience on classifying
factors to the “Physical/Mental Limitations” (L2) category [F(1,
142)=6.45, p=0.012, *=0.43]; and a significant, medium effect of
experience on the “Organizational Climate” (L4) category [F(1,
142)=4.37, p=0.038, =0.10]. Comparatively, the low experience
group more frequently classified “Physical/Mental Limitations” (L2)
conditions, whereas the high experience group made more
classifications to the “Organizational Climate” (L4) category (Table 3).
Differences between the high and low experience groups were also
found across the four HFACS levels, with ANOVA tests finding a
small effect on the frequency of utilization of HFACS level 4 between
the two groups [F(1, 142) =4.50, p=0.036, °=0.05].

4.3. Paths of association differed by
experience levels

To determine if the high and low experience groups produced
different paths of association between HFACS categories, chi-squared
analyses were carried out to predict the statistical strength of
association between the 18 HFACS categories. High and low
experience groups were entered as the exploratory (independent)
variable and the presence or absence of each of the 18 HFACS
categories were evaluated as the response (dependent) variable. In
cross-tabulations where the chi-squared analyses were significant
between two categories, further analysis using Goodman and Kruskal’s
tau were used to calculate the levels of association, and odds ratios
were calculated to provide an estimate of the likelihood of the
participants’ utilization of one category within HFACS predicting the

10.3389/fpubh.2023.1144921

utilization of another category. If the degree of association between
HFACS categories were dependent on the experience (TFH) of the
person making the classification, then the tau statistic will assist in
predicting concomitant presence across categories, and the odds ratio
will present the likelihood of utilization.

Analysis of the strength of association between the 18 HFACS
categories showed different paths of association between the high and
low experience groups (Figure 2). For the low experience group, seven
pairs of HFACS categories had significant chi-square associations at
p<0.05 (Table 4; Figure 2). Categories at HFACS level 4 (Organizational
Influences) were associated with four other categories. “Resource
Management” was associated with “Personal Readiness” at level 2; and,
notably, three of the four level 4 categories were directly associated with
frontline “Decision” and “Skill-Based Errors” at the Unsafe Acts (L1)
level. From level 3 (Unsafe Supervision), only the category “Planned
Inappropriate Operations” was found to be statistically significantly
associated with “Violations.” From level 2, “Adverse Mental States” and
“Adverse Physiological States” were, respectively, associated with
“Violations” and “Decision Errors” at level 1. For the low experience
group, 8 of the 18 categories had no statistically significant associations
with other categories within the HFACS framework. As presented in
Table 5, very high odds ratio was discovered between “Adverse Mental
States” (L2) and “Violations” (L1). The existence of one category was
4.24 times more likely when the other is present. Similarly, “Resource
Management” (L4) was associated with “Personal Readiness” (L2) with
a very high odds ratio of 4.27.

For the high experience group, the results found far fewer
associations across the HFACS categories (Table 5; Figure 2).
“Resource Management” (L4) was associated with “Planned
Inappropriate Operations” at the adjacent level (L3), and this was also
the only association between categories at adjacent levels for the high
experience group. “Supervisory Violations” at level 3 was associated
with “Skill-Based Errors” at level 1. Across the entire HFACS
framework, 14 of the 18 categories were not found to be significantly
associated with any other category.

L4: Organisational Influences
Resource Organizational Organizational
Management Climate Process
Legend ~ T 7
e 7 ’
______ > ~ Vi /7
Less than S ! 5
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FIGURE 2
Paths between categories in the HFACS framework with significant associations (p<0.05) by Chi-square analysis for low experience and high
experience groups. Categories not associated with any other category are shaded in gray.
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TABLE 4 Significant Chi-square tests of association and associated Goodman-Kruskal tau and odds ratio values between categories in the HFACS
framework as utilized by pilots with less than 10,000h of total flight experience.

Significant associations between upper level and Chi-square Goodman-Kruskal tau  Odds ratio

lower-level categories in the HFACS framework
(<10,000h TFH)

Value P

HFACS level 4 with lower-level categories

Resource management x Personal readiness (12) 6.138 0.013 0.0916 4.2667
Organizational climate x Decision errors (L1) 11.882 0.001 0.177 1.0357
Organizational climate x Skill-based errors (L1) 4.083 0.043 0.0609 0.2899
Organizational process x Skill-based errors (L1) 4.485 0.034 0.0669 0.1325
HFACS level 3 with lower-level categories

Planned inappropriate operations x Violations (L1) ‘ 4.481 ‘ 0.034 0.0669 0.2943
HFACS level 2 with lower-level categories

Adverse mental states x Violations (L1) 7.062 0.008 0.1054 4.2424
Adverse physiological states x Decision errors (L1) 5.567 0.0245* 0.083 ns.

*Fisher’s exact test.

TABLE 5 Significant Chi-square tests of association and associated Goodman-Kruskal tau and odds ratio values between categories in the HFACS
framework as utilized by pilots with 10,000h of total flight experience or more.

Significant associations between upper level and

lower-level categories in the HFACS framework
(>10,000h TFH)

Chi-square Goodman-Kruskal tau  Odds ratio

Value P

HFACS level 4 with lower-level categories

Resource management x Planned inappropriate operations (L3) ‘ 4.084 ‘ 0.043 ‘ 0.053 ‘ 0.2981
HFACS level 3 with lower-level categories

Supervisory violations x Skill-based errors (L1) ‘ 6.005 ‘ 0.032% ‘ 0.078 ‘ 0.26
HFACS level 2 with lower-level categories

Nil ‘ ‘ n.s ‘ ‘

*Fisher’s exact test.

5. Discussion

5.1. Experience effects on classification
hierarchy

The current results showed that the high experience group was
more inclined to categorize latent factors into higher organizational
levels (HFACS L4), and within level 4 this was replicated in the
“Organizational Climate” category (Table 3; Figure 3). This finding
confirms the effects of experience on hierarchical relations and power
distance. With higher experience levels considered as an
approximation of lower relative power distance to the senior
organizational or managerial levels (24), and that low power distance
investigators were more likely to attribute failures to organizational
faults (35), it was unsurprising that the higher experience group was
more inclined (or less restrained) to classify human factors conditions
to the organizational level (L4). Similarly, the finding of greater
utilization of the “Physical/Mental Limitations” (L2) category by the
low experience group corresponded with previous studies of HFACS
which discovered that high power distance investigators were more
likely to use lower level categories (35). The findings therefore provide
support for the use of TFH as a proxy measure of experience.

The results also confirm that SMS implementation can
be influenced by expertise and the ability to handle stress. Stress and

Frontiers in Public Health

uncertainty factors are represented by the conditions of operators at
level 2 of HFACS (8). In the low experience group, an association with
very high odds ratio was found between the latent condition of
“Adverse Mental States” (L2) and the active failure of “Violations” (L1)
(Table 4). This was not replicated in the high experience group. As the
ability to cope with stress and uncertainty is related to expertise (4),
the finding of strong association between adverse mental conditions
and active failures may be explained by the low experience group’s
comparative lower levels of expertise and hence their lower capacity
to handle stress and uncertainty.

5.2. Paths of influence affecting SMS
elements

In HFACS, multiple paths of association can stem from each
active failure or latent condition toward other categories (13). The
higher experience group in the present study had a more targeted
approach in finding these paths of association than the low experience
group. In the high experience group, only two pairs of HFACS
categories were associated (Table 5). In contrast, the low experience
group had seven pairs of associated HFACS categories (Table 4).

The two groups also classified the identical list of factors into
different HFACS categories (Figure 2). At level 1, representing active
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Organisational Climate' (L4)

Physical/Mental Limitations' (L2)

HFACS Level 4 (All Categories) —

0% 5% 10% 15% 20% 25% 30%
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FIGURE 3
Frequency of utilization of HFACS categories and levels between
high and low experience groups.

failure categories, the high experience group summarily classified the
causal factors into the “Skill-Based Errors” category, and these skill-
based errors were solely associated with “Supervisory Violations” at
level 3. In contrast, the low experience group spread the same factors
across three categories of “Decision Errors,” “Skill-Based Errors,” and
“Violations,” which were in turn considered to have stemmed from
different latent conditions across levels 2-4. Overall, the low
experience group had paths of influence across six different latent
condition categories throughout level 2 (2 categories), level 3
(1 category), and level 4 (3 categories) (Table 4; Figure 2). The results
therefore revealed that the high experience group was more targeted
in classifying active failures and the associated latent conditions. This
finding provides support for the previous knowledge that people with
more experience perform better at identifying patterns of association
(6). Similarly, the finding of a more dispersed classification style in the
low experience group also corresponded with the previous contention
that steeper hierarchies and higher power distance can lead to the
fragmentation of safety culture across organizational levels (30).

Also notable was that across both low and high experience groups,
only four of the nine associated pairs were at immediately adjacent
HFACS levels, and the other five associations crossed more than one
HFACS level (Figure 2). As the HFACS framework is conventionally
applied on a level-by-level basis (8), this finding of cross-level
associations can offer an improvement to how HFACS is applied in
SMS applications.

5.3. Selecting entry points for human
factors interventions

In the present research, the odds ratio between two categories
provides a bilateral estimate of the likelihood of the participants’
use of one category predicting the use of another category. This
statistic can assist SMS functions to identify human factors
conditions which are likely to be jointly influenced by two or more
conditions. As it was previously established that interventions
involving high-level, outside-in mitigations may be more desirable
than task or function-based changes by ensuring that the
mitigations will not be limited by wider commitment, capacity, and
resources constraints (31, 32), the current findings provide useful
information for SMS functions to select more effective human
factors interventions.

Frontiers in Public Health

10.3389/fpubh.2023.1144921

When two or more categories are linked with a high odds ratio,
it may be more desirable to intervene through the higher-level
category. For example, in the present results, a high odds ratio was
discovered between the categories of “Resource Management” (L4)
and “Personal Readiness” (L2) in the low experience group. Using the
Ripple Model meta-categories to interpret the interactions with
“Resource Management” as the starting point, it is possible to deduce
that management-level decisions on the allocation of human,
financial, equipment, and facility resources influenced personal
readiness (8). In civilian airlines it is easy to envision that many of
these resources may be controlled by factors external to the
organization. In this instance, a single outside-in intervention, such
as through regulatory changes to equipment provision, can
concurrently cover the five HFIX approaches by altering the concerns,
influences, and actions across the various levels (Figure 1). In
contrast, if interventions were to be developed with “Personal
Readiness” as the starting point, changes to personal behaviors will
be ineftective as actions at the individual-level will still be constrained
by the resources and influences provided by the organization. Thus,
the argument is that human factors interventions starting from the
higher-level category of “Resource Management” are more likely to
be successful.

5.4. Consequences for human factors
interventions in SMS implementation

In the present results, 7 of the 18 HFACS categories were not
associated with any other category in either low or high experience
groups (Figure 2). While it would be far-fetched to assume that these
categories were completely irrelevant, their lack of association with
other categories suggests that they are “dead-end,” as in there are no
pathways from which these categories can be altered by human factors
interventions directed at other latent condition categories within the
system. By comparing which categories are dead-end and which
categories are associated with a wider range of conditions, safety
practitioners can improve the efficiency of human factors interventions
by acting through categories which are linked with a greater number
of safety outcomes.

To illustrate, present results for the low experience group found
six associations between active failures (L1) and higher-level latent
conditions (across levels 2-4) (Table 4; Figure 2). This would suggest
that level 1 active failures for the low experience group can be resolved
across six categories of latent conditions. Hence, simple, functionalist
interventions on rectifying frontline goals are likely to be suitable—
there are six categories across the various levels within the organization
which can be modified to result in desired changes. On the other
hand, for the high experience group, “Supervisory Violations” at level
3 was the only category that was associated with level 1 active failures
(Table 5). This is far fewer than the six categories in the low experience
group. Human factors interventions focusing solely on the rectification
of supervisory violations at level 3 are unlikely to be successful as they
will be constrained by the concerns, influences, and actions of factors
at other levels, such as organizational (L4) climate and processes. In
this case, anthropological interventions may be more ideal as
outside-in changes can act through the meta-categories of concerns,
influences, and actions to change the interactive interfaces across
all levels.
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5.5. Practical applications

At present, SMS functions within airlines and aviation
operators need to solve several challenges. The first challenge is
to establish a method to make the HFACS categories more
relevant across different target groups. This will help to ensure
that the threats and precursors included in the SMS are relevant
to the professional context or environment. The present research
has demonstrated that the classification of threats can
be influenced by professional experience. In practice, this
supports the integration of demographic variables such as
experience into the SMS. For example, if the target users are
pilots with high experience, then a focus on managing high-level
conditions may be more relevant when coming up with safety
objectives in the initial stages of the SMS process.

The second challenge in SMS implementation is in establishing
what type of interventions are relevant and efficient. This is
important in most real-world organizational settings as resource
constraints will typically limit the number and the variety of
interventions that can be carried out. To aid in selecting interventions
that are more likely to be successful, the present results suggest
placing a higher level of attention toward categories with many paths
of association with other categories. In practice, the consideration of
how each category interacts with other categories through the
threads of concerns, influences, and actions are recommended to
ensure that a variety of mitigation strategies within the HFIX
framework are covered.

Human factors interventions which can simultaneously
alleviate concerns, influences, and actions across multiple system
levels are likely to satisfy more of the HFIX criteria. In contrast,
interventions directed at causal condition categories which are
either unassociated with other categories, or are ringfenced by
external concerns, influences, and actions may be less effective.
To illustrate, in the present study the low experience group
associated “Violations” with “Planned Inappropriate Operations”
and “Adverse Mental States” Interventions focusing solely on
actions (violations) are unlikely to be successful unless
supervisory influences (planning of operations) and worker
concerns (mental states) are addressed. Applied to the HFIX
framework, this would imply that human/crew mitigation
strategies to fix violations may be futile unless both task/mission
and operational/physical environment changes are established.

5.6. Limitations and future research

A limitation of the present study is that the demographic
variables were not fully controlled. Although TFH is a proven
measure of pilot experience and was valuable in showcasing the
effects of power distance in the present research, it was not
possible to completely ensure that other professional experience
factors did not confound the results. For example, some high
TFH pilots may elect to work in a lower ranking position, and
this may confound the validity of TFH as a proxy for rank and
position. Moreover, as the data was collected during the
COVID-19 pandemic during which many pilots were furloughed
or demoted to junior ranks (39), the present data on rank and
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qualification may not be truly representative and any future
research will require further data collection. Similarly, as job
demands and workload have changed throughout the pandemic
(40), the influence of flight experience levels may have also been
affected. In the future, it will be interesting to conduct multi-level
analysis to segregate the effects of the various
demographic variables.

Another limitation of the present study is the question of whether
high and low experienced pilots were different enough to
be considered as two distinct demographic groups. Regardless of how
previous research justified the use of TFH as a variable by associating
experience with occupational immersion and expertise, an
opportunity for future research will be to expand the comparisons to
other professional groups. For example, values and attitudes of
aviation industry professionals were known to differ between pilots,
cabin crew, ground staff, and airline managers (5). As the limitation of
using pilots in the present study arose because this paper was part of
a project evaluating SMS in airline flight operations departments, a
possibility for the future will be to expand data collection and analysis

to other departments within the organization.

6. Conclusion

The present research compared HFACS classification between
pilots with high and low experience, as measured by total flight hours
(TFH). Significant differences in the use of HFACS categories, and in
paths of association between pairs of categories were found between
the high and low experience groups. The low experience group cast a
wider net, with active failures at the frontline (L1) associated with a
greater number of categories at levels 2-4. The low experience group
were also comparatively more affected by stress and uncertainty, with
a strong association between “Adverse Mental States” and active
failures. On the other hand, high TFH pilots were more targeted in
identifying patterns of associations between unsafe acts and their
causal conditions. The high experience group also had a greater
tendency to classify causal factors as originating from higher-level
supervisory or organizational conditions. Notably, across both high
and low experience groups, most of the significant associations were
between categories which were not at immediately adjacent system
levels, suggesting that cross-level interactions through the threads of
concerns, influences, and actions can influence the perceived
accountabilities and thereby affect hazard and risk evaluation in
SMS. As these differences will consequently impact the selection of
safety interventions, the present results make a strong case for the
inclusion of the target users’ demographic variables in the earlier,
investigative stages of the SMS. Human factors interventions focusing
on functionalist changes to tangible behaviors are likely to be more
suitable for the low experience group, whereas anthropological
changes to cultural meanings and patterns which can originate from
wider factors outside of the organization will be more suitable for the
high experience group. Findings of the present research will contribute
to organizations in aviation and other high reliability industries by
encouraging safety managers to consider demographic experience
effects on the classification and association of human factors
conditions. The integration of human factors classification with open-
system concepts of safety culture and safety practices will also provide
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SMS practitioners with the innovative ability to select more effective
intervention and safety management approaches.
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