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ABSTRACT

Introduction: Based upon Reason’s nodel of human error, the Human
Factors Analysis and C assification System (HFACS) was devel oped as
an anal ytical framework for the investigation of the role of human
error in aviation accidents. However, thereis little enpirical work
that formal | y descri bes nunericallytherel ationshi pbetweenthelevels
and conponents in the nodel (the organi zational structures,
psychol ogi cal pre-cursors of errors and actual errors). Method: This
research analyzed 523 accidents in the Republic of China (ROC) Air
Force between 1978 and 2002 through the application of the HFACS
framewor k. Results: The results reveal ed several key relationships
bet ween errors at the operati onal | evel and organi zati onal i nadequaci es
at both the i nmedi ately adj acent | evel (preconditions for unsafe acts)
and higher levels in the organization (unsafe supervision and
organi zational influences). Conclusions: This research | ends support
to Reason’ s nodel that suggests that active failures are pronoted by
latent conditions in the organization. Fallible decisions in upper
conmand | evels were found to directly affect supervisory practices,
thereby creating preconditions for unsafe acts and hence indirectly
i mpai red performance of pilots, leading to accidents. The HFACS
framewor k was proven to be a useful tool for guiding accident

i nvestigations and devel opi ng acci dent prevention strategies.

Keywor ds: Acci dent | nvestigation; Human Error; Human Factors Anal ysis

and C assification System ( HFACS)



| NTRODUCTI ON

In recent years, the focus on human error in aviation accidents has
shifted away from skill deficiencies and toward deci si on-maki ng,
attitudes, supervisory factors and organi zational culture as being
the primary contributory factors (3, 9 & 10). This change in enphasis
has resulted in several human error frameworks and acci dent

i nvestigati on schenes bei ng devel oped (e.g. 3, 7 & 22) ai ned at gai ni ng
a nore conpl ete understandi ng of the circunstances surrounding the
accident and hence aid in the devel opnment of effective prevention

st rat egi es.

Dekker (2) proposedthat human errors are systenmatical |y connect ed
to features of operators’ tools and tasks, and error has its roots
inthe organi zati onal system |In asinilar vein, Orasanu and Connol |y
(16) suggested t hat deci si on-maki ng often occurs i n an organi zati ona
context, and that the organization influences pilots’ decisions
directly by stipulating standard operating procedures, and indirectly
through its norns and culture. Maurino et al. (15) pointed out that
it is inmportant to understand how deci sions nmade by pilots are
i nfluenced by the actions of managenent at the higher levels in their
organi zations. However, there is little enpirical work describing
the statistical associations between organi zati onal structures and

the actual errors committed by pilots.

The Human Fact ors Anal ysis and C assification System- HFACS (20,

21, 22, 24, 25, 26, 27 & 28) is derived from Reason’s (17, 18)
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organi zational ly based nodel of human error. In this nodel active

failures (errors) of front-1ine operators conbinewithlatent failures
lying dormant in the systemto breach its defenses. These |atent
failures are spawned in the upper |evels of the organization and are
rel ated to managenent and regul atory structures. W egmann & Shappel |
(25) claimthat the HFACS franmework bridges the gap between theory
and practice by providing safety professionals with a theoretically
based tool for identifying andclassifyingthe human errorsin aviation
m shaps. G ven that the system focuses on both |latent and active
failures and their inter-relationships, it facilitates the
identification of the underlying causes of human error. HFACS was
originally designed and devel oped as a human error framework for

i nvestigating and anal yzing human error accidents in US mlitary

avi ati on operations (21) however the framework’ s devel opers have al so
denonstrated its applicability to the analysis of accidents in US

comercial aviation (21, 24, 25 & 26) and US general aviation (22).

Beaubi en and Baker (1) criticized the validation evidence
supporting the utility of the HFACS systemas it was all collected
and anal yzed by t he devel opers of t he framework. However, other authors
have now successfully used and proven the systemoutside the US, for
exanple in Taiwan and India (13 & 4), and al so other applications of
t he HFACS et hodol ogy are now bei ng reported. The systemhas been used
to anal yze the underlyi ng human factors causes in acci dents i nvol vi ng
renotely-pilotedaircraft (23); an adaptati on of t he net hod ( HFACS- ME)

has been devel oped to i nvesti gat e mai ntenance error (11) and a further
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adapt ati on of the system has been devel oped for the investigation of

rail road accidents (HFAC-RR;, ref. 19).

HFACS addresses human errors at four levels. The framework is
descri bed diagrammatically in figure 1. Level 1 (unsafe acts of
operators - active failures) is the level at which the majority of
accident investigations are focused. Failures at this |level can be
classified into two categories; errors and violations. Level 2
(preconditions for unsafe acts - latent/active failures) addresses
the latent failures within the causal sequence of events as well as
the nore obvious active failures. It al so describes the substandard
conditions of operators and the substandard practices that they
perform Level 3 (unsafe supervision - |latent failures) traces the
causal chain of events producing unsafe acts up to the level of the
front-line supervisors. Level 4 (organizational influences - |atent
failures) describes the contributions of fallible decisions in upper
| evel s of managenent that directly affect supervisory practices, as
wel | as the conditions and acti ons of front-1ine operators. Each hi gher
| evel affects the next downward | evel in HFACS framework. However,
only one of the papers cited previously (23) reports any statistica
rel ati onshi ps describing enpirically the associ ati ons between the
tiersinthe nodel in an attenpt to validate the presuned causal |inks
between | atent failures and the unsafe acts of the operator. What
is nmore, this research was concerned with the operation of uni nhabited

air vehicles.



This research applied the HFACS franework to ROC Air Force
accidents. The objective was to provide probabilities for the
co-occurrence of categories across adjacent |evels of the HFACS to
establish how factors in the upper (organizational) levels in the
framewor k affect categories in |ower (operational) levels. Once the
significant paths in the franmework have been identified, the
devel opnent of accident intervention strategies should proceed nore

rapidly and effectively.

METHCD

Dat a

The dat a were derived fromthe narrati ve descri ptions of acci dents
occurring in the ROC Air Force between 1978 and 2002. The data set
conprised of all 523 accidents occurring during this 25-year period
and for the purposes of analysis can therefore be considered to be
the entire population of ROC Air Force accidents during this period
(14). The data conprised 206 (39.4% cl ass-1 accidents (cost torepair
over 65%of original priceor resultedindeath of the crew), 78 (14.9%
cl ass-2 accidents (cost to repair between 35 and 65%of original price
or crew sustained serious injury) and 239 (45.7% class-3 accidents

(cost torepair between 3-35%of original price or crewrenber sustai ned
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m nor injury). Fighter aircraft were involved in 67.5% of accidents;

training aircraft in 21.6% and cargo aircraft in 10.9% Accidents
occurred during mssions including air interception; air conbat
tactics; instrunent flight; cross-country; surface attack; close

pattern; formation; and test flight.

The Aviation Safety Unit (ASU) is responsible for all ROC Air
Force acci dent investigation. For each accident involvingamlitary
aircraft, the 24-hour oncall Investigator-In-Charge foll ows a standard
procedure for conductingtheinvestigation. Theinitial stage collects
rel evant information for further analysis including the accident
classification; identification details; pilots’ infornmation;
personnel involved; aircraft information; mssion and flight details;
hi story of flight; inpact and post-inpact i nformation; meteorol ogi cal
i nformation; radar informati on and transm ssions to and fromTactica
Air Traffic Control. The weckage of the aircraft is then recovered
for investigation by the engineering teans. The final report details
the causal factors of the accident and contains recomrendations for

acci dent prevention.

A assification framework

This study used the version of the HFACS franework described in
W egnmann & Shappel|l (27). The first (operational) |evel of HFACS
categori zes events under the general headi ng of ‘unsafe acts of
operators’ that can lead to an accident. This conprises four

sub-categories of 'decisionerrors'; 'skill-basederrors'; 'perceptua



errors' and ‘violations’. The second |evel of HFACS concerns

"preconditions for unsaf e acts' whi ch has seven further sub-cat egori es:

"adverse mental states'; 'adverse physiol ogical states';
"physical/mental limtations'; 'crewresource nanagenent'; 'persona
readi ness'; 'physical environnment', and 'technol ogi cal environnent'.

The third I evel of HFACS is ‘unsafe supervision' which includes

"i nadequat e supervi sion'; 'planned inappropriate operation'; 'failure
to correct known problem, and 'supervisory violation'. The fourth
and hi ghest | evel of HFACSi s ‘ organi zati onal i nfl uences’ and conpri ses
of the sub-categories of 'resource managenent'; 'organizational
climate' and 'organi zational process'. HFACS is described

di agrammatically in figure 1.

Codi ng process

Each acci dent report was coded i ndependent|y by two i nvesti gators,
an i nstructor pilot and an avi ati on psychol ogi st. These i nvestigators
were trained on the HFACS franmework together for 10 hours to ensure
that they achieved a detail ed and accurate understanding to the
categories of the HFACS. The training process consisted of three
hal f - day nodul es del i vered by an avi ati on psychol ogi st. The training
contents included an introduction to the HFACS framework; an
expl anati on of the definitions of the four different |evels of HFACS;
and a further detail ed description of the content of the ei ght een HFACS
categories in the context of mlitary operations. The raters also

jointly anal yzed two years of the ROC acci dent data t o devel op a conmon
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under standi ng of the process and achi eve a comon under st andi ng of

the categori es.

The presence (coded 1) or the absence (coded 0) of each HFACS
category was assessed in each accident report narrative. To avoid
over-representation fromany single acci dent, each HFACS cat egory was
counted a nmaxi mum of only once per accident. The count acted sinply
as an indicator of presence or absence of each of the 18 categories
inagiven accident. In total instances of 1762 category assignnents
wer e made to descri bed the causal factors underlying the 523 acci dents

coded.

The inter-rater reliabilities calculated on a
cat egory-by-category basis were assessed usi ng Cohen’s Kappa. The
val ues obt ai ned ranged between 0.44 and 0.83 (see table 1). Fourteen
HFACS cat egori es exceeded a Kappa of 0.60 indicating substantia
agreenent (12). As Cohen’s Kappa can produce m sleadingly | owfigures
for inter-rater reliability where the sanple size is small or where
there is very high agreenment between raters associated with a |large
proportion of cases falling into one category (8), inter-rater
reliabilities were also calculated as a sinple percentage rate of
agreenent. These showed reliability figures between 72. 3%and 96. 4%
further indicating acceptable reliability between the raters. See

Li & Harris (13) for further details.
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Anal ysi s

The data were cross tabul ated to descri be t he associ ati on between

the categories at adjacent |evels in the HFACS anal ytical franmework.

Goodman and Kruskall’s (5) lambda (A) was used to calculate the
proportional reduction in error (PRE). The Lanbda statistic is
anal ogous to the R squared statistic for continuous data. For
categorical data (such as that found i n conti ngency tables), its val ue
reflects the PRE when predicting the outcone category fromsinply the
basel i ne preval ence as conpared to using information fromthe
predictive category (i.e. predicting | ower from higher |evels of
HFACS). For the purposes of this study the [ ower |evel categories
in the HFACS were designated as bei ng dependent upon the categories
at the inmedi ately higher level in the framework, which is congruent
with the theoretical assunptions underlying HFACS: fromthis
standpoi nt, | ower levels in the HFACS cannot affect higher |evels.
Finally, odds ratios were also cal cul ated which provide an estinate
of the likelihood of the presence of a contributory factor i n one HFACS
category bei ng associ ated conconitantly with the presence of a factor
i n anot her category. However, it nmust be noted that odds ratios are
an asymetric neasure and so are only theoretically neani ngful when

associated with a non-zero value for | anbda
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RESULTS

The frequency of occurrence of theindividual causal factors coded
in the analysis of the 523 accidents is givenintable 1. Relatively
few cat egori es had exceptionally | ow counts. Only the categories of
“organi zational climate’ (level-4); ‘supervisory violation (level-3)
and ‘adverse physiological state’ (level-2) failed to achi eve doubl e

figures.

The results reported in this paper pertain only to the instances
where the PRE (when predicting the | ower |evel HFACS category from

the hi gher level category) was in excess of 5%

Exam nation of the | anbda statistic showed only one associ ati on
bet ween categories at level-4 and | evel -3 (‘organi zati onal process
wi th ‘inadequate supervision') in which the PRE exceeded 5% This
associ ati on was between ‘organi zati onal process’ with ‘inadequate
supervision’ (A = 0.282). It also had a high odds ratio, suggesting
that poor supervisory practices were 13.561 tinmes nore |likely to occur

when associ ated with poor managerial processes in the air force.
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Cal cul ation of the | anbda statistics showed that there was only
one association between the |evel -3 and | evel -2 categories of
‘i nadequat e supervision and ‘crew resource nmanagenent’ in which the
PRE exceeded 5% (A = 0.281). This relationship again had a hi gh odds
rati o, suggesting that poor supervisory practices were 12.78 tines

nmore likely to subsequently result in poor CRM

Exam nation of the |anbda statistics showed there to be eight
associ ati ons between level -2 and | evel -1 HFACS cat egori es where the
PRE exceeded 5% These were ‘adverse nental states’ with ‘decision
errors’ and ‘skill-based errors’; ‘physical/nmental linitations’ with
‘decisionerrors’ and ‘skill-basederrors’; ‘crewresource management’
with ‘decision errors’ and ‘skill-based errors’; and ‘ persona
readi ness’ with the categories of ‘decision errors’ and ‘skill-based
errors’. These relationships are summari zed in table 2 and descri bed
diagrammatically in figure 2. All these relationships were al so
associated with high odds ratios, suggesting that inadequate
performance in the higher | evel HFACS categories was associated with

much increased | evels of poor performance at the | ower |evels.
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DI SCUSSI ON

It can be seen fromthe data presented in table 1 that the vast
maj ority of HFACS categories had | arge nunbers of instances of
occurrence in the data set, which all ows reasonabl e confidence in the
pattern of results obtained. Only three categories had | owfrequenci es
of occurrence. Interestingly, these |ow frequency counts were not
associ ated with any one HFACS level in particular, but it can be
suggested that the | ow nunbers may reflect either the sensitivity of
the issues they address (e.g. ‘adverse physiological states’ and
‘supervisory violations’) or because they deal with a less tangible
i ssues (‘organizational climte'). Inasinilar veinHarris (6) noted
that in the post-hoc coding of incident data the categories show ng
the | onest | evel of reliability were those that required either a great
deal of inference on the part of the assessors when coding the data
or the ones that dealt with nore abstract concepts, such as inferring
a lack of ‘situational awareness’ or in this case identifying
‘organi zational climate’ as a contributory factor. It is suggested
that perhaps the raters may have been disinclined to utilize this
category in this study in preference to sonething | ess abstract where
there was nore tangi bl e evidence avail able fromthe acci dent report

narratives, for exanple ‘organizational process’.

Reason (17 & 18) has suggestedthat thereis a‘nmany to one’ napping
of the psychol ogi cal precursors of unsafe acts to the actual errors
thensel ves, nmaking it difficult to predict which actual errors wll

occur as a result of which preconditions. This research, using the
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HFACS franmewor k devel oped by W egmann & Shappel | (20, 21, 22, 24, 25,

26, 27, 28) goes sonme way to supporting this assertion. There are
associ ati ons between factors at higher organizational |evels, the
psychol ogi cal contributory factors and the errors committed by pilots
(see figure 2). However, sone care needs to be taken when i nterpreting
these rel ationshi ps as the frequency counts within categories were
all derived fromaccidents. It is unknown (and unknowabl e) how often
i nstances within the various HFACS categories have occurred in
day-to-day operations that have not resulted in an accident. Thus,
the rel ationshi ps between HFACS | evel s and categories should not be

interpreted outside the accident causal sequence.

Reason (17) proposed that |atent conditions are present in al
systens and they are an inevitable part of organizational life. For
exanpl e, resources are normally distributed unequally in
organi zations. The original decision on howto allocate resources
may have been based on sound comerci al argunents, but such inequities
may create reliability or safety problens for someone sonmewhere in
the systemat some |ater point. This investigation showed that at
HFACS | evel -4 *organi zational influences’, the category of
‘organi zational process’ had an association with the category of
‘“inadequate supervision’ at level-3 (‘unsafe supervision'). Poor
‘organi zational processes’ were associated with inadequacies in
supervi si on and hence were ultinmately, albeit indirectly, at the root
of many operational errors resulting in accidents. Wl -devel oped
‘organi zational processes’ that are consistently adhered to are key

to all safety nanagenent systens. The commitnent to safety nust come
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right fromthe very highest |evels of the organization if it is to

be successful inthis respect (18). Both Reason (17 & 18) and W egnann
& Shappell (27) hypothesized that inappropriate decision-naking by
upper -1 evel managenent can adversely influence the personnel and
practices at the supervisory level, which in turn affects the
psychol ogi cal pre-conditions and hence the subsequent actions of the
front-line operators. Thi s study provides support for this
relationship. Furthernore, the odds ratios associated with
‘supervisory failures’ were over 13 tinmes nore likely to occur in the
presence of a conconmitant failure in the category of ‘organizationa

pr ocess’

The category of ‘inadequate supervision was the key factor at
HFACS |l evel -3. It had a particularly strong association with the
| evel -2 category of ‘ Crew Resour ce Managenent’. The failure of senior
of ficers in a supervisory positionto provi de gui dance and operati ona
doctrinetopilotsthrough pronoting good resource managenent practices
was subsequently indirectly associated with active, operationa
failures. Again, the odds ratios suggested failures as a result of
poor CRM practices were alnost 13 tinmes nore likely to occur in the
presence of a concomitant failure in the category of ‘supervisory

failure’. This would seemto be a key area for risk reduction.

Reason (17) suggested that human behavior is governed by the
i nterplay between psychol ogi cal and situational factors. Severa
pre-conditions for unsafe acts (at HFACS | evel -2) show strong

associations with the active failures of the operators at |evel-1.
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These | evel -2 factors show Reason’s classic ‘many to one’ nmappi ng of

psychol ogi cal precursors to active failures in all of the level-1
categories with the exception of the category of ‘violations’ which
suggests that a conpl etely di fferent mechani smis at play here to cause

such failures (see table 2 and figure 2).

It will be noted fromthe results presented diagrammatically in
figure 2 that there are relatively few associ ati ons bet ween HFACS
categori es at adjacent organi zati onal |evels, where the |ower |evel
categories were associated with a noderately |arge proportional
reduction in error (lanbda statistic) with a higher-1level category.

However, there are several key associations which strongly suggest

where safety interventions are likely to have the greatest potentia

i mpact .

The results suggest that interventions at HFACS | evels 1 and 2
woul d only have limted effect in inproving overall safety. As an
exanpl e, inproving CRM practices alone is unlikely to have a ngjor
i mpact on safety unl ess the supervisory processes (level -3) and
organi zational processes (level-4) areinplaceto providefacilities;
oversee CRMtraining; nonitor its effectiveness and respond to any
further changes required in the training program All of these
activities require organi zational conmitnent and capacity, which can
only be provided fromthe highest | evel s of managenent. Furthernore,
on a ‘dollar-for-dollar’ basis, interventions at higher levels are
also likely to be nore cost effective in the net safety benefits they

realize. Specific targets for renedial safety action should be ai ned
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in the areas that share the strongest and greatest nunber of

denonstrabl e associations with | ower | evels in the organi zation (for
exanpl e, ‘organi zati onal process’, ‘i nadequate supervision’ and ‘Crew
Resour ce Managenent’. These are the categories at the root of the
pat hs of association with other HFACS categories that have very high
val ues for the odds ratios associated with them This would further
suggest that the greatest gains in safety benefit could be achieved

by targeting these areas.

CONCLUSI ONS

The | arge sanpl e of accident and incidents in the present study
has al | oned extensive anal ysis of the inter-rel ati onshi ps between the
categories and levels in the HFACS t hereby providing sone enpirical
evidence to support its theoretical structure. The accidents and
i ncidents anal yzed all occurred inthe ROC Air Force thus the patterns
of inter-relationships reported nay be culturally specific. However
there i s no reason why this anal yti cal met hodol ogy cannot be enpl oyed
on other data sets to establish if the patterns observed hol d good
in other cultures, thereby providing further evidence to support the

HFACS net hodol ogy.

Thi s study provides an understandi ng, based upon enpirical
evi dence, of how actions and decisions at higher levels in the
organi zation pronul gate throughout the ROC Air Force to result in

operational errors and accidents. This has not previously been done
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wi th data anal yzed using the HFACS. There are a few, clearly defined

paths that relate errors at level-1 (the operational level) with

i nadequaci es at both the inmedi ately adjacent and higher levels in
the organization. This research draws a clear picture that go sone
way to support Reason’s (17) nodel of active failures resulting from
| atent conditionsintheorgani zati on. Furthernore, t he HFACS f r amewor k
has been proven to be a useful tool for guiding accident i nvestigations

and for targeting potentially cost-effective remedi al safety acti ons.
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TABLE |

o =

HFACS Cat egory g S 3 a o

g o §¢ 5

iy o =

S
Level -4, Organi zati onal process 76 14.5 0.59 87.4
Or gani zati onal Organi zational climte 4 0.8 0.44 96.4
I nfluences Resour ce nmanagenent 184 35.2 0.77 86.4
Level - 3, Supervi sory viol ation 8 1.5 0.69 96.2
Unsaf e Fai |l ed correct a known problem 12 2.3 0.54 095.8
Super vi si on Pl anned i nadequat e operations 24 4.6 0.71 94.6
| nadequat e supervi si on 177 33.8 0.83 89.7
Level -2, Technol ogy envi ronnent 44 8.4 0.61 89.9
Precondi ti ons Physi cal environnent 74 14.1 0.80 092.2
for Unsafe Acts Personal readiness 29 5.5 0.70 72.3
Crew resource managemnent 146 27.9 0.80 89.7
Physical /mental limtation 73 14.0 0.69 090.4
Adver se physi ol ogi cal states 2 0.4 0.44 96.4
Adverse nmental states 184 35.2 0.75 86.0
Level -1, Vi ol ations 160 30.6 0.70 84.9
Unsafe Acts of Perceptual errors 116 22.2 0.67 85.1
Operators Skil | ed-based errors 226 43.2 0.71 83.4
Deci sion errors 223 42.6 0.68 81.5

Tabl e I FREQUENCY COUNTS AND | NTER- RATER RELI ABI LI TY STATI STI CS FOR
EACH HFACS CATEGORY FOR ALL 523 ACCI DENTS. NOTE THAT THE
PERCENTAGES | N THE TABLE W LL NOT EQUAL 100% BECAUSE | N MANY
CASES MORE THAN ONE CAUSAL FACTOR WAS ASSOCI ATED W TH THE
ACCI DENT.
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TABLE 1|1
Precondition for Unsafe Acts Lanbda Qdds
Wth Unsafe Acts of Operators ( PRE) ratio
*

Adve_rs_e nmental state 269 4 364
Deci sion errors

Adverse nental states *
Skill -based errors - 283 4.518

. . . N

Phys! cgl/rrental limtation 11 7 730
Deci sion errors

Physi cal /nental linmtation *
Skill -based errors - 164 4.735

*

Crew rgsource managenent 215 3. 724
Deci sion errors

Crew resource managenent *
Skill -based errors - 195 3. 299

1 *

Persgngl readi ness 058 3 613
Deci sion errors

Per sonal readi ness *
Skill -based errors - 075 5.231

TABLE |1 GOODMAN AND KRUSKALL'S LAMBDA AND ODDS RATI OS SUVMARI SI NG

SI GNI FI CANT ASSCCI ATI ONS BETWEEN CATEGORI ES AT THE LEVEL OF
‘ PRECONDI TI ONS FOR UNSAFE ACTS AND AT THE SUBSEQUENT LEVEL
OF ‘ UNSAFE ACTS OF OPERATCORS
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Fi gure Capti ons

FI GURE I . THE HFACS FRAMEWORK (W EGVANN & SHAPPELL, 2003).
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FIGURE Il. PATHS BETWEEN CATEGCORI ES AT THE FOUR LEVELS I N THE HFACS

FRAMEWORK | N WHI CH THE PRE (LAMBDA - A) VALUE IS IN EXCESS

OF 5%
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