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Abstract

The Human Factors Analysis and Classification System (HFACS) is a hierarchical taxonomy that
describes the human factors that contribute to an aviation accident or incident that is based on a chain-
of-events theory of accident causation and was derived from Reason’s (1990) accident model.

The objectives of this exploratory study were to identify relationships between the factors of the
HFACS taxonomy and to assess the usefulness of HFACS as a predictive tool. The associations found
in this study may assist investigators in looking for associated factors when contributing factors are
found. Also, when using the HFACS taxonomy to identify areas for intervention, the relationships
found may also guide intervention in associated areas for a holistic, systems approach to improvement.

This exploratory study found a number of strong positive relationships between factors at different
levels of the model. However, based on the amount of variation explained by the logistical regression
statistical models, it appears that HFACS is a more effective predictive framework when used to
predict unsafe acts than when used to predict higher levels within the taxonomy.

The Australian Transport Safety Bureau (ATSB) formalised the concept of outside influences and
added five factors within this grouping to the HFACS model in this study. The outside influences
factors proved to be important additions to the HFACS model as they were associated with factors at
all levels of the HAFCS taxonomy.

The results have also shown that it is not always the case that higher-level factors predict only the
lower-level factors directly below them. For example, inadequate supervision predicted precondition
for unsafe acts, such as adverse mental states and crew resource management issues, as well as skill-
based errors (two levels down).
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THE AUSTRALIAN TRANSPORT SAFETY BUREAU

The Australian Transport Safety Bureau (ATSB) is an independent Commonwealth
Government statutory agency. The Bureau is governed by a Commission and is entirely
separate from transport regulators, policy makers and service providers. The ATSB's
function is to improve safety and public confidence in the aviation, marine and rail modes of
transport through excellence in: independent investigation of transport accidents and other
safety occurrences; safety data recording, analysis and research; and fostering safety
awareness, knowledge and action.

The ATSB is responsible for investigating accidents and other transport safety matters
involving civil aviation, marine and rail operations in Australia that fall within
Commonwealth jurisdiction, as well as participating in overseas investigations involving
Australian registered aircraft and ships. A primary concern is the safety of commercial
transport, with particular regard to fare-paying passenger operations.

The ATSB performs its functions in accordance with the provisions of the Transport Safety
Investigation Act 2003 and Regulations and, where applicable, relevant international
agreements.
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EXECUTIVE SUMMARY

The Human Factors Analysis and Classification System (HFACS) is a hierarchical
taxonomy that describes the human and other factors that contribute to an aviation
accident or incident. It is based on a chain-of-events theory of accident causation
that was derived from Reason’s (1990) accident model. It was originally developed
for use within the United States military, both to guide investigations and to analyse
accident data. The HFACS classification system has four levels: organisational
influences, unsafe supervision, preconditions for unsafe acts, and unsafe acts.
Based on Australian civil aviation accidents, the Australian Transport Safety
Bureau (ATSB) formalised the concept of outside influences and added five
associated factors outside of the original HFACS model.

The HFACS model assumes that higher levels in the model influence the presence
of lower-level factors. Thus, the objectives of this exploratory study were to
identify relationships between the factors of the HFACS taxonomy and to assess the
usefulness of HFACS as a predictive tool. The associations found in this study may
assist investigators in looking for associated factors when contributing factors are
found. Also, when using the HFACS taxonomy to identify areas for intervention,
the results of this study may also guide intervention strategies in associated areas
for a holistic, systems approach to improvement.

This study is based on the analysis of 2,025 Australian aviation accidents reported
to the ATSB for the period 1 January 1993 to 31 December 2003. A total of 3,525
contributing factors were included in the analysis. Logistic regression was used to
analyse the associations between HFACS factors from different levels.

At the higher levels of HFACS, it appears that regulatory influence predicts
organisational process and inadequate supervision. Inadequate supervision was
also predicted by organisational process issues. Inadequate supervision, in turn,
predicted all precondition for unsafe acts factors, with the exception of the physical
environment factor. The presence of crew resource management issues were
affected by regulatory influences and other person involvement. The physical
environment factor was positively predicted by other person involvement and
airport/airport personnel. The odds ratio suggests that maintenance issues
negatively predicted the physical environment factor.

There were 11 higher-level HFACS factors that predicted the presence of at least
one unsafe act, regardless of whether they were skill-based errors, decision errors,
perceptual errors, or violations. In predicting the presence of each unsafe act
individually, it was found that adverse mental states predicted all unsafe acts and
that all unsafe acts were predicted by at least another three higher-level HFACS
factors, including outside influences.

Based on the amount of variation explained by the predictive statistical models, it
appears that HFACS is a more effective predictive framework when used to predict
unsafe acts than when used to predict higher levels within the taxonomy. The
results have also shown that it is not always the case that higher-level factors
predict only the lower-level factors directly below them. Outside influence factors
are important when applying HFACS to civil aviation accidents at the national
level, as the outside influences factors were associated with factors at all levels of
the HAFCS taxonomy. These factors are not a formal part of the HFACS taxonomy,
yet significantly increased the odds of these factors occurring.
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TERMINOLOGY USED IN THIS REPORT

Terminology used in this report is based on terminology used for the Human
Factors Analysis and Classification System (HFACS) (e.g. Wiegmann & Shappell,
2003). It differs to the standard Australian Transport Safety Bureau (ATSB)
terminology. The table below outlines the HFACS terminology used in this report
for each level of the HFACS taxonomy, along with the equivalent ATSB
terminology used in investigation reports.

HFACS terminology ATSB terminology
Event Occurrence event

Factor Contributing safety factor
Unsafe acts Individual actions
Preconditions for unsafe acts Local conditions

Unsafe supervision Risk controls
Organisational influences Organisational influences

- Viii -



INTRODUCTION

1.1

The Human Factors Analysis and Classification System (HFACS) is a taxonomy
that describes the human and other factors that contribute to an aviation accident or
incident. The HFACS taxonomy was developed to provide a framework for
identifying and analysing human error. In turn, this examination of underlying
human factors can help develop data driven intervention strategies and track the
effectiveness of prevention strategies (Shappell & Wiegmann, 2000; Wiegmann &
Shappell, 2003).

The HFACS model is a hierarchical model that proposes that higher levels in the
model influence the presence of lower level factors. While the model has been
widely employed to describe the contributing factors to safety occurrences, little has
been published on the relationships or pathways between the HFACS levels.

This study reviews the assumptions made with regards to the relationships between
HFACS factors and attempts to assess the value of the model as a predictive tool.

Overview of HFACS

The Human Factors Analysis and Classification System is based on a sequential or
chain-of-events theory of accident causation and was derived from Reason’s (1990)
accident causation model (Wiegmann & Shappell, 2003). It was originally
developed for use within the United States military, both to guide investigations
when determining why an accident or incident occurred, and to analyse accident
data (Shappell & Wiegmann, 2000). Since its development, the classification
system has been used in a variety of military and civilian transport and occupational
settings, including aviation, road, and rail transport (e.g. Federal Railroad
Administration, 2005; Gaur, 2005; Li & Harris, 2005; Pape et al., 2001; Shappell,
2005), and has also been used by the medical, oil, and mining industries (Shappell,
2005).

The HFACS classification system has four hierarchical levels. These are akin to
those in the Australian Transport Safety Bureau (ATSB) safety factor classification
taxonomy (as described in Walker & Bills, 2008), although different terminology is
used (see page viii for a comparison).

The hierarchical levels in the HFACS model are named:
1) organisational influences

2) unsafe supervision

3) preconditions for unsafe acts

4) unsafe acts of operators.

The model assumes that each level above influences the level below it. As shown in
Figure 1, within each level there are numerous specific types of contributing safety
factors.
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Figure 1: Flow diagram of the Human Factors Analysis and Classification
System (HFACS)
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The HFACS taxonomy was designed as a way of identifying factors that help
explain why errors and violations by flight crew were made. Therefore, there is an
implicit assumption that any predictive relationships between higher level factors to
lower level factors will be positive. That is, if one type of factor is present, it is
more likely that the other factor type will also be present.

Wiegmann and Shappell (2003) recognised that there are contributing factors
outside the flying organisation. However, HFACS was originally developed for the
US military where there were no or little outside influences (for example,
maintenance and air traffic control (ATC) are carried out by military personnel). To
classify civil aviation accidents, the ATSB formalised an outside influence group by
including it in this current study. The outside influence group is not a hierarchical
level as it can link to any of the four levels of the original HFACS model.
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Based on an analysis of the data coded into this level, the ATSB identified the
following factors within the outside influence grouping:

* maintenance issues

+ airport/ airport personnel

» regulatory influence

* air traffic control (ATC) issues/ actions

» other person involvement (includes the involvement of passengers on the flight,
meteorological personnel, and personnel from other institutions with a role in
aviation).

The resulting taxonomy can be seen in Figure 2 (routine and exceptional violations
have been combined into the single category). The four HFACS levels and 18
factors, along with five outside influences factors, are summarised in Appendix A.
A complete description of HFACS factors can be found in Wiegmann and Shappell
(2003).

Figure 2: The HFACS taxonomy as applied to the current study.
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1.2

1.21

HFACS as a predictive tool

The HFACS model was designed to be a taxonomy rather than a predictive tool.
However, since its initial development, there has been interest on whether it can
also be used as a predictive tool. That is, can it be used to inform us about which
factors in preconditions for unsafe acts, unsafe supervision and organisational
influences predict factors within unsafe acts?

A major assumption underpinning the HFACS taxonomy is that there is a causal or,
at least, a predictive relationship from factors in the upper levels to those in the
lower levels. For instance, organisational influences are presumed to affect the
likelihood of unsafe supervision, which in turn influences preconditions for unsafe
acts, which in turn influences the likelihood of unsafe acts. Another assumption is
that all factors within a level are independent of each other.

There is little evidence whether HFACS (or other similar models based on the
Reason (1990) accident causation model) can be used to predict relationships
between contributing factors. Published papers (e.g. Lenné, Ashby & Fitzharris,
2008; Li & Harris, 2006; Li, Harris & Yu, 2008) have attempted to evaluate the
presumed predictive links using accident data with some success (see below).

One major disadvantage of establishing predictive pathways to unsafe acts using
accident data is that factors in the higher levels are only recorded on the occasions
when they contribute to umsafe acts and negative consequences (accident or
incident). This represents only a small fraction of the time these factors are likely to
actually occur, because accidents and incidents are relatively rare and these factors
are often successfully dealt with on a regular basis.

All that can be established about the relationships between factors using accident
data is whether one factor predicts another with no allowable inference about causal
status. Establishing causality is not possible because accident data are from real-
world events and do not allow for controlled experiments. This report therefore
evaluates predictive models only.

This study sought to improve the available information on the predictive
relationships between HFACS levels and categories.

Previous research on relationships between HFACS levels and
factors

One study looking at the relationships between HFACS factors was by Lenné et al.
(2008). They applied HFACS to 169 Australian general aviation accidents using
data obtained from aviation insurers. They reported the frequency of each HFACS
factor and examined the relationships between factors at the different levels of
HFACS using logistic regression. Unfortunately, the analysis was limited to
relationships between unsafe acts and preconditions for unsafe acts due to the
limited frequency of cases within the factors at higher HFACS levels. The study
found that the presence of poor personal readiness, adverse mental states, and
physical/mental limitations were associated with the presence of a skill-based error
and decision error. In addition, the presence of crew resource management (CRM)
issues and adverse mental states were found to associate with violations.

Using a different approach, Li and Harris (2006) analysed the relationships between
factors across levels in the HFACS model using Chinese Air Force accident data.
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They limited their analysis to bivariate relations between individual factor
categories (one factor predicts another factor). However, in so doing, they could not
address the possibility that rather than a single precursor, a factor could be best
predicted by some combination of several factors.

They also presented the bivariate associations identified between pairs of factors in
adjacent levels of the HFACS taxonomy, thereby ignoring the possibility that
predictors of the same outcome may be interrelated. That is, they assumed that all
factors within a level are independent. Also, there is no theoretical reason why
relationships only exist between adjacent levels. For example, it is quite plausible
that wunsafe supervision factors could directly predict umsafe acts even when
preconditions for unsafe acts are taken into account. Likewise, factors within the
same level may be associated with one another.

Another study by Li et al. (2008) analysed 41 Chinese civil aviation accidents and
found relationships between errors and organisational limitations, both at the
immediately adjacent levels and at higher levels in the model. The results showed
great similarities to the military data in Li and Harris (2006).

Obijectives of the report

This study is exploratory in nature and the objectives of this study were to:
* identify relationships between the factors of the HFACS taxonomy

» assess the usefulness of HFACS as a predictive tool.
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METHODOLOGY

2.1

Accident sample

This study is based on the analysis of 2,025 Australian civilian aviation accidents
reported to the ATSB for the period 1 January 1993 to 31 December 2003. Details
were extracted from the ATSB aviation safety occurrence database for accidents
that occurred over Australian territory and involved VH-registered powered aircraft
(both rotary and fixed-wing).

To eliminate redundancy, only data from one of the aircraft involved in multi-
aircraft collisions, such as mid-air or ground collisions, were included.

For any one accident, there may be one or more occurrence events that explain what
happened in the accident (for example, hard landing and noise gear collapse). For
each event, there may be one or more factors (or none at all) that is considered to
have contributed to the event. The relationship between accidents, events and
factors can be seen in Figure 3.

Figure 3: HFACS factors in relation to events and accidents

Factor1

Factor 2 Factor 3 Factor 4 Factor 5
Event 1 Event 2 Event 3
Accident

A team of researchers applied HFACS factor codes to the safety factors that were
identified as contributing to the accident through an ATSB accident investigation.
In total, there were 4,555 occurrence events stemming from the 2,025 accidents.
There were 3,547 factors contributing to these events that were each coded into one
of the 18 HFACS factors or the five outside influence factors.

Further details of the coding process and of the quality assurance process can be
obtained from the ATSB report Human factors analysis of Australian aviation
accidents and comparison with the United States (B2004/0321) by Inglis, Sutton
and McRandle (2007) which used the same data set as the present report.



2.2

2.2.2

Method of analysis

To achieve the overarching objectives of the study, a number of analysis sub-goals
were identified. These sub-goals are presented below.

Analysis sub-goals

1. Predicting organisation influences: identify any relationships between
outside influences and organisational influences.

2. Predicting unsafe supervision: identify any relationships between both the
outside influences and organisational influences and the unsafe supervision
level of HFACS.

3. Predicting preconditions of unsafe acts: predicting preconditions by higher-
level HFACS factors and outside influences. Within the limitations imposed
by the dataset, the analysis was not confined to adjacent HFACS levels.
Instead, predictors across more than one level were also investigated.

4. Predicting unsafe acts: identifying factors, including outside influences, that
predict particular types of unsafe acts. The strategies used depended on the
findings of the preparatory analysis (described below).

Preparatory analysis

Preparatory analyses were required before designing the data models in order to
construct predictive models.

The purpose of the preparatory analysis was to:

» determine if there were sufficient instances of each HFACS factors to include in
predictive models

* identify any associations between factors at the same level of the HFACS
taxonomy.

The purpose of the latter point was to determine whether the co-occurrence of
within-level factors was random. If so, then predictive models could be developed
for each factor independent of the others. If not, then an understanding of the
relationships among the factors would be needed to inform further analyses of this
kind (see Section 2.3 for the results of the preparatory analysis).

Strategies and statistical models

As factors are binary (present or absent) for each accident, logistic regression was
used to analyse the associations between HFACS factors and make predictions
based on these associations. Briefly, logistic regression predicts the presence and
absence of a category via a model of the probability of that category’s occurrence.

Log-linear analyses were used to investigate multi-way associations among
categorical variables at the same HFACS level in the preparatory analysis.

Candidate predictors for the models were identified by generating contingency
tables and using either chi-square tests or Fisher’s exact test. Fisher’s exact test was
used when the assumptions for the chi-square test were not met. The results



showing the candidate predictors are not presented in this report. The models with
final predictor(s) are presented.

2.3 Preparatory analysis

2.31 Number of HFACS factors

Table 1 shows the frequency count of each factor in the HFACS taxonomy and in
the additional outside influences group.

Table 1:  Frequency count of all HFACS factors

HFACS level HFACS factor Cases
Outside influences Maintenance issues 81
Regulatory influence 29
Other person involvement 25
Airport/ airport personnel 21
ATC actions/issues 6
Organisational influences Organisational process 16
Resource management 1
Organisational climate 1
Unsafe supervision Inadequate supervision 87
Supervisory violation 8
Planned inappropriate operations 7
Failure to correct problem 1
Preconditions for unsafe acts Physical environment 444
Physical/ mental limitations 323
Adverse mental states 306
Crew resource management issues 75
Technological environment 41
Adverse physiological states 38
Personal readiness 7
Unsafe acts Skill-based error 1,333
Decision error 493
Violation 117
Perceptual error 87

The data analysis of factors required sufficient cases of each factor to include it in a
predictive model. Factors with less than 15 cases were considered to be of low
frequency and so were excluded from analysis. Table 2 shows the excluded HFACS
factors.
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Table 2: Excluded HFACS factors

HFACS level HFACS factor Cases

Preconditions for unsafe acts Personal readiness

Unsafe supervision Planned inappropriate operations

-

Failure to correct problem

—_

Organisational influences Resource management

-

Organisational climate

(]

Outside influences ATC actions/issues

Of the original 3,547 HFACS factor cases, 3,525 factor cases were include

d in the

analysis after the above factors were excluded. Since not all accidents reported to
the ATSB were investigated, information on the contributing factors, and hence the

number of HFACS codes for these accidents, were limited. In addition,
investigation, identification of higher order factors is made more difficult.

without

Figure 4 shows the HFACS factors, including those in the outside influence
grouping that were excluded from analysis. Unfortunately most of the excluded

factors were from the unsafe supervision or organisational influence levels,
hindering the evaluation of predictors from those levels.

Figure 4: The HFACS taxonomy with the excluded factors crossed out

thereby
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Although there were only eight cases of supervisory violations (and hence should
have been excluded), it was kept in the exploratory analyses as a predictor. This
was done to take the emphasis off inadequate supervision as the only factor for
unsafe supervision. Any interpretation involving supervisory violations should be

made with caution due to the low number of cases.

- 10 -
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24

Associations between HFACS factors

The HFACS factors at the same level were analysed in the preparatory analysis in
order to examine associations among these factors. Any associations should be
taken into account when analysing and interpreting prediction models as these
associations may affect the strength of associations.

Associations were found within the level of unsafe acts. A backward-elimination
log-linear analysis revealed a model with a 3-way interaction and two 2-way
interactions. The 3-way interaction was between skill-based errors, perceptual
errors and violations. The two 2-way interactions were between decision errors and
violations, and skill-based errors and decision errors. The cell counts, residuals and
cross tabulation table for these models are presented in Appendix B.

As a result, two predictive models were used to predict unsafe acts. These were:
* logistic regression predicting at least one unsafe act, regardless of the type

* logistic regressions predicting each kind of unsafe act on its own while taking
the associations into account.

The first model predicted the presence of any unsafe act (regardless of its factor
code), and the second predicted the presence of each unsafe act factor (skill-based
error, decision error, perceptual error and violation).

Similarly, an association was found between inadequate supervision and
supervisory violations. However, due to the small cases of supervisory violations,
this factor was not predicted. Rather, this was used to predict lower-level HFACS
factors.

In contrast, none of the preconditions for unsafe acts factors were significantly
associated with one another. As a result, it can be expected that the factors for
preconditions for unsafe acts would behave as relatively independent predictors,
and it was reasonable to evaluate separate prediction models for each of them.

The organisational influence level contained only one factor (organisational
process) once factors with inadequate cases were removed, so no such analysis was
required for this level.

There were no associations between any of the outside influence factors.

Interpreting results

R2

To provide an evaluation of the goodness-of-fit for each statistical model,
pseudo-R* values are provided in logistic regress