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a b s t r a c t
In complex, high consequence environments such as aviation, the capacity to acquire, integrate, and
respond to task-related cues is critical for accurate situation assessment and to avoid plan-continuation
errors. The aim of the present study was to establish whether differences in performance on a series of
aviation-related, cue-based tasks corresponded to differences in decision selection during simulated
pre-ﬂight and in-ﬂight weather-related decision-making. In Phase 1 (pre-ﬂight decisions), 57 participants
were categorised into one of two typologies based on their performance on the cue-based tasks. These
typologies reﬂected behaviour that was consistent with relatively greater or lesser levels of cue utilisation, and corresponded to whether the pilots elected to make an immediate decision or wait for additional information during a simulated pre-ﬂight decision task. In Phase 2, a cohort of 20 pilots was
selected on the basis that they represented one of the two cue-based typologies established in Phase
1. They undertook a simulated ﬂight during which the weather conditions deteriorated progressively
en-route. Those pilots who demonstrated a relatively greater level of cue utilisation were more likely
to continue the ﬂight as planned, while those pilots who demonstrated a relatively lesser level of cue utilisation were more likely to descend or divert from the planned track. The implications are discussed in
terms of targeted training and explanations of plan-continuation errors in the context of weather-related
decision-making.
Ó 2014 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.

1. Introduction
Inadvertent or deliberate visual ﬂight into instrument meteorological conditions, and the resultant collision with terrain, continues to account for a disproportionate number of fatalities amongst
general aviation pilots (Groff and Price, 2006; Hunter et al., 2011).
This is due largely to the fact that pilots who are authorised to ﬂy
under Visual Flight Rules (VFR) lack the psychomotor and cognitive
skills necessary to maintain control of the aircraft in the absence of
visual reference to the horizon. Once visually-related pilots have
lost visual reference to the horizon (such as occurs when ﬂying
in cloud), they can lose control of the aircraft within a few minutes
(Bryan et al., 1955).
Like other decision-making tasks, weather-related decisionmaking involves the acquisition of information from a range of
sources and a comparison between the options available, each of
which carries a degree of uncertainty (Knecht, 2005). Prior to a
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ﬂight, this process involves the acquisition and interpretation of
actual and forecast weather-related information, often from a
number of different sources, including meteorological weather
reports and aeronautical charts (Wiggins et al., 2002). During a
ﬂight, weather-related decision-making involves the assessment
of the weather-related information available from the cockpit of
the aircraft and its integration with the existing state of the aircraft. Both prior to, and during the ﬂight, the information available
provides the foundation for an assessment of the situation, which
is the precursor to the selection of a particular option.
The signiﬁcance of accurate and efﬁcient situation assessment
in decision-making under uncertainty is illustrated by Kaempf
et al. (1996) in their analysis of tactical decision making in military
operations. They noted that the accuracy of experienced United
States Navy ofﬁcers’ responses was dependent upon a process of
feature matching in which elements were compared to a prototype
in memory. This enabled the rapid assessment of the system state
(e.g. type of aircraft, speed, and altitude), together with an understanding of the signiﬁcance of any changes that had occurred.
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From a theoretical perspective, accurate and efﬁcient situation
assessment forms the foundation of the Recognition-Primed Model
of decision-making (Klein, 1993). Incorporated within this model is
the proposition that effective situation assessment involves the
recognition and response to a familiar pattern of environmental
features (Noble, 1993; Wiegmann et al., 2002). Indeed, Klein
(1997) argues that this process is the basis of expertise, since it
enables accurate and rapid responses, even in situations involving
high cognitive load.
The Recognition-Primed Model also proposes that the recognition of patterns of environmental features derives from the availability of a repertoire of cues in long-term memory that can be
triggered in response to speciﬁc stimuli (Klein, 1993; Salas et al.,
2010; Wiggins and O’Hare, 2003). Cues are thought to represent
a relationship between a feature and event or object that has been
established through repeated association in the past (Shanteau,
1992; Wiggins, 2012). Following exposure to repeated pairings,
the relationship between features and events/objects may become
non-conscious, so that the response is both rapid and difﬁcult for
the operator to articulate (Zacks et al., 2007).
The utility of cues lies in their capacity to reduce the demand on
working memory and enable a rapid and accurate interpretation of
a scene. This increases the time and the cognitive resources available for subsequent decision-making (Fadde, 2009; Schriver et al.,
2008). At the highest levels of performance, expert decision-makers
rely on relatively fewer cues to form a diagnosis, having identiﬁed
speciﬁc relationships that are optimally predictive of the changes
that occur in the system state (Shanteau, 1992). For example,
Schriver et al. (2008) have demonstrated that the capacity to create
efﬁciencies in diagnosis is associated with shorter response latency
amongst expert pilots in a dynamic ﬂight simulation task, thereby
enabling more appropriate and timely decisions.
There are a number of key elements that form the foundation of
situation assessments, including the capacity to accurately identify
task-related features from an array, the capability to differentiate
relevant from less relevant feature-event/object associations, and
the capacity to implement a structured process of information acquisition in response to a task-related problem (Wiggins, 2006, 2012).
In the context of a particular domain, the effective acquisition
and utilisation of cues differs depending on the nature of individual
and the domain-related experiences that have been acquired.
Therefore, it is not necessarily possible to identify a single set of
cues that are optimal for a particular context since different
operators may use different cues to equal effect when resolving a
problem (Patrick et al., 1999). What can be established is the
extent to which an operator acquires and responds to information
in a form that is characteristic of the effective use of cues.
The formation of feature-event/object relationships in the form
of cues involves an iterative process whereby cues are modiﬁed or
discarded as it becomes clear that there are more predictive and/or
more efﬁcient associations that might be available (Shah and
Oppenheimer, 2008). This process of cue formation is a risky period
during the process of skill acquisition, since it is during this period
where mistakes are most likely to occur (O’Hare et al., 1994).
Indeed, analyses of both automotive and aircraft accident statistics
indicate that severe accidents are most likely to occur during the
period immediately post-training, when operators begin honing
their skills (Duncan et al., 1991; O’Hare et al., 1994).
Weather-related decision-making amongst pilots is an unusual
context in which to examine the role of cue utilisation since the features associated with deteriorating weather conditions are
dynamic, may present in different forms and, in the case of in-ﬂight
decisions, the speed of the aircraft often requires assessments within very short periods of time. There is also a strong motivational
component
associated
with
weather-related
decisionmaking, and this is most evident during in-ﬂight decision-making

119

where pilots can be subject to plan-continuation errors (Bearman
et al., 2009).
Plan-continuation errors occur where operators continue to
execute a planned behaviour, despite the presentation of information suggesting that an alternative response is warranted (Orasanu
et al., 2001). The incidence of plan-continuation errors has been
demonstrated experimentally amongst pilots who were confronted with deteriorating weather conditions during a simulated
ﬂight (Wiegmann et al., 2002). Where pilots had already completed
a signiﬁcant proportion of the ﬂight, there was a tendency amongst
some participants to continue the planned ﬂight to the destination
despite a deterioration in the weather conditions that rendered
this option inadvisable (Wiegmann et al., 2002).
During the early stages of skill acquisition, learners tend to
develop relatively imprecise associations between features and
events or objects (Ellis, 1996; Klayman and Ha, 1989) (see Fig. 1).
For learner pilots, the association between deteriorating weather
and the safety and security of the aircraft is particularly salient
so that even the mere presence of cloud may dissuade a visual pilot
from undertaking a ﬂight. However, through experience, a greater
level of precision is acquired so that different types of weather conditions may be associated with different levels of risk to the aircraft
and the likelihood of reaching the destination safely.
For visual pilots who are in the more advanced stages of cue
development, the availability of a range of cues may result in a conﬂict. One of the most signiﬁcant of these conﬂicts concerns the
situation where the aircraft is in relatively close proximity to
the destination but the weather conditions warrant a diversion to
either an alternate destination or, in some cases, the original point
of departure. It is in this type of situation that the plancontinuation error is most likely to occur since the proximity to
the destination appears to be a particularly salient cue that may
over-ride the cues associated with the deteriorating weather
conditions.
To test this proposition in the present study, pilots were initially
evaluated and classiﬁed into one of two typologies using the Expert
Intensive Skills Evaluation (EXPERTise) Situational Judgement Test
(SJT). The EXPERTise SJT classiﬁes participants based on their
composite scores across three tasks that are associated with cue
utilisation:
1. The Feature Identiﬁcation Task, whereby the participants must
identify a key features from an array. The speed and accuracy
with which participants are able to acquire that feature is
indicative of the strength of their cue associations in memory
(Ratcliff and McKoon, 1995).
2. The Feature Association Task, whereby participants must rate the
association between feature-event/object pairs. The speed and
variance of the participant’s ratings is indicative of their capacity to distinguish related from unrelated features and events/
objects (Morrison et al., 2013).

Fig. 1. A conceptual illustration of the formation, progression and reﬁnement of
cues and the correspondence with levels of expertise.
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3. The Transition Task, whereby participants must acquire additional information about a scenario from a list of information
categories. The sequence in which the participants acquire the
information is indicative of their ability to prioritise key cues,
rather than simply attending to features as they are presented
(Wiggins and O’Hare, 1995).
The EXPERTise SJT has been designed to assess operators’
utilisation of cues during task-related activities (Wiggins et al.,
2010). The concurrent validity of the typologies generated by
performance on EXPERTise has been demonstrated in the context
of both power control (Loveday et al., 2013a) and paediatric diagnosis (Loveday et al., 2013b). Test–retest reliability has also been
demonstrated at six-month administrations of the test (Loveday
et al., 2013c).
Having being classiﬁed into typologies on the basis of their
performance on EXPERTise, participants were asked to complete
a pre-ﬂight decision scenario in which they acquired information
as they would in the operational environment to determine
whether they would: (a) undertake a planned ﬂight, (b) seek
additional information prior to conducting the ﬂight, or (c) not
undertake the ﬂight. A smaller cohort, representing participants
from the two cue-based typologies was also asked to complete a
simulated, in-ﬂight decision scenario during which the weather
conditions deteriorated progressively to a point 15 miles from
the destination where the conditions were below the requirements
for ﬂight under Visual Flight Rules (VFR). It was hypothesised that
participants who demonstrated a relatively lesser level of cue
utilisation would select the option to seek additional information
during the pre-ﬂight decision scenario and be more likely to divert
during the in-ﬂight decision scenario. By contrast, it was hypothesised that pilots who demonstrated a relatively greater level of cue
utilisation would be more likely to undertake the ﬂight in response
to the pre-ﬂight decision scenario and would be more likely to
continue the ﬂight during the in-ﬂight decision scenario.
2. Phase One: Pre-ﬂight decision-making
2.1. Method
2.1.1. Participants
Fifty-seven pilots participated in Phase One of the study (55
male, 2 female). They ranged in age from 18 to 70 years, with a
mean 41.46 years (SD = 14.74). Among the participants, 60% held
a private pilot’s licence, 18.2% held a commercial pilot’s licence,
and 21.8% held an Airline Transport Pilots Licence (ATPL). A
summary of participants’ ﬂight experience is provided in Table 1.
Across the cohort, three pilots self-reported having unintentionally
ﬂown into deteriorating weather conditions over the course of
their ﬂying careers. All three held a private pilot’s license.
2.1.2. Instruments
Cue-based performance was assessed using a modiﬁed version
of the EXPERTise SJT (Wiggins et al., 2010). It comprised a series
of tasks that were designed to examine different aspects of the

utilisation of cues, including the feature identiﬁcation task (two
stages), the feature association task (two stages), and the transition
task. The tasks were oriented around weather decision-making
amongst pilots and the speciﬁc features were developed in consultation with a subject-matter expert.
The feature identiﬁcation task involved two stages, both of
which utilised speciﬁc meteorological weather reports (METAR)
as stimuli. These METAR reports were sourced from an Australian
Government website (www.bom.gov.au/aviation) over a ﬁve-week
period. Using an international standard, METAR reports describe
the weather conditions at a particular airport and consists of
information such as the location, date, time, surface wind, visibility, and cloud.
For the purposes of the study, the reports were grouped into
sets of ﬁve, and a subject matter expert assisted with the identiﬁcation of the METAR in the group of ﬁve that displayed the poorest
weather conditions relative to the others. In the ﬁrst of the feature
identiﬁcation stages, the ﬁve METAR reports were displayed on the
screen simultaneously and the participant was required to select
the METAR with the poorest weather conditions (e.g. ceiling,
visibility, cloud-base) as quickly as possible. Response latency
was recorded for accurate selections across 16 trials. During the
second feature identiﬁcation stage, the METARs were presented
for 1.5 s before the program progressed to the next screen. The participant was required to choose the METAR with the poorest
weather conditions from a list of corresponding airport locations
that were presented subsequently. The frequency of accurate
responses was recorded for 16 trials.
The feature association task involved two stages, both of which
displayed 17 pairs of randomised task-related feature and event/
object terms to the participant (e.g. forecast – cloud-base, escape
route – turbulence). The terms were derived from previous
research involving weather-related decision making among pilots,
where cues associated with deteriorating weather conditions were
used to assist pilots to recognise and respond to deteriorating
weather conditions (Wiggins and O’Hare, 2003). In the ﬁrst stage
of the feature association task, feature and event/object-related
pairs were each shown separately for 1.5 s, after which the participant was asked to rate the ‘strength’ of the perceived relationship
between the terms on a 10-point likert scale. The variance in ratings was calculated across the trials.
In the second stage of the feature association task, the feature
and event-related terms were presented simultaneously. Consistent with stage one, the perceived strength of the relationship
was rated and, across the trials, the variance in ratings was
calculated.
The third task (Feature Transition Task) involved a simulated
pre-ﬂight, weather-related decision scenario in which the additional information needed to formulate a complete assessment of
the scenario was accessible through a ‘drop down’ list of features.
Twenty features were ‘hidden’ from the participants, and were
visible only if the participant chose to access the additional information. For example, by ‘clicking’ on ‘fuel’, participants were given
more information regarding the fuel available for the aircraft. The
acquisition of this information, in addition to the order of information acquisition, was recorded using a process tracing strategy. This

Table 1
Phase One: Summary of the ﬂying experience of pilots.

Total
Total
Total
Total

experience in aviation (years)
ﬂying experience (h)
ﬂying experience as pilot in command (h)
ﬂying experience in the previous 90 days (h)

PPL (60%)
M (SD)

CPL (18.2%)
M (SD)

ATPL (21.8%)
M (SD)

Total (100%)
M (SD)

15.97
3870.61
1749.16
39.98

24.56
4166.67
3801.11
61.22

18.25
6689.17
2854.17
109.58

18.31
4120.25
2209.61
56.27

(12.77)
(6427.95)
(3913.31)
(65.72)

(16.72)
(5851.09)
(5735.62)
(81.01)

(8.15)
(5042.43)
(2032.63)
(70.47)

(12.83)
(5805.58)
(3907.48)
(72.78)
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enabled the calculation of the ratio of sequentially accessed pairs
of information screens over the total pairs of information screens
available (cf. Wiggins and O’Hare, 1995).
2.1.3. Stimuli
The stimulus for Phase One of the study comprised a pre-ﬂight,
weather-related scenario that incorporated a ﬂight plan, an area
forecast, and a World Aeronautical Chart (WAC). The task required
participants to assess the information available and determine
which of three actions they would be most likely to undertake
(e.g. conduct the ﬂight as planned, wait and acquire additional
information, or not conduct the ﬂight). On the subsequent screen,
they were asked to rate, on a 10-point scale, the utility of each of
nine features (see Table 2) when deciding on the action taken.
The responses to the scenario, along with the feature utility ratings,
were recorded.
2.1.4. Procedure
The participants were invited to take part in the study using an
email that included instructions for participation. The instructions
directed the participant to the domain address (expertise.
cadre.com.au) and provided them with login details to access the
study. Having completed the demographics questionnaire, the
EXPERTise program initiated. Full instructions were provided
throughout the program, and a debrief sheet was available for
download following the completion of the experimental tasks.
The study required approximately 25 min to complete.
2.2. Results
2.2.1. Cluster analysis
The initial aim of the present study was to establish whether
typologies could be differentiated on the basis of pilots’ performance across the tasks that comprised EXPERTise. To demonstrate
that there were distinct levels of cue utilisation performance and
that these levels of performance were consistent across the tasks,
the K-means cluster procedure within the SPSS statistical package
was employed. As required by the K-means cluster procedure, the
cue utilisation measures were converted to standardized z-scores
prior to clustering. z-Scores reﬂect how many standard deviations
an observation is above or below the mean score for each measure
and, consequently, are able to account for differences in scale
between the measures (Tabachnick and Fidell, 1996). K = 2 clusters
was entered as the most likely ﬁt for the data, based on sample size
and the outcomes of previous investigations (Loveday et al.,
2013b).
Table 3 summarises the results of the cluster analysis, including
the mean centroid for each cluster on each of the variables that
comprise EXPERTise. Performance on the EXPERTise tasks resulted
in the formation of two typologies that would form the basis of the
subsequent analyses. Cluster 1 comprised 28 participants who
recorded relatively high response latencies in response to the ﬁrst
of the feature identiﬁcation tasks and the second paired association
task, greater accuracy in response to the second feature identiﬁca-

Table 2
The nine features that were rated as part of the pre-ﬂight decision scenario.
Fuel limitations
Forecast
Cloud-tops
Terrain
Cloud-base
Visibility
Escape routes
Turbulence
Wind direction

Table 3
Participant cluster means for the measures that comprise EXPERTise, distributed
across the two cue utilisation typologies.

Feature
Feature
Feature
Feature
Feature
Feature

identiﬁcation task (Stage 1) – response latency
identiﬁcation task (Stage 2) – accuracy
association task (Stage 1) – response latency
association task (Stage 1) – ratings variance
association task (Stage 2) – ratings variance
transition task – ratio of sequential pairs

Greater

Lesser

.46
.64
.62
.10
.41
.34

.48
.59
.60
.28
.57
.30

tion task, greater variance in response to the two feature association tasks, and a relatively lower ratio in response to the
transition task. This pattern of responses is broadly consistent with
a greater reliance on the utilisation of context-related cues to interpret and respond to the information available. The remaining 29
participants comprised the second typology, the performance of
which was less consistent with the utilisation of cues.
2.2.2. Typologies and pre-ﬂight decision response
In comparing the two performance typologies (greater or lesser
levels of cue utilisation), it was necessary to establish whether an
association existed between cluster assignment and outcome performance on the simulated pre-ﬂight decision task. A Chi-square
test for independence revealed a signiﬁcant association between
cluster membership and response outcomes, v2(2, 57) = 7.62,
p = .022. Speciﬁcally, those pilots whose performance was more
consistent with greater levels of cue utilisation recorded relatively
dichotomous responses either to conduct or to not conduct the
ﬂight (see Table 4). Pilots whose performance was more consistent
with lesser levels of cue utilisation tended to select the option to
acquire additional information prior to the ﬂight.
To determine whether the typologies were differentiated on the
basis of the total hours of ﬂight experience or hours of recent ﬂight
experience, a multivariate analysis of variance was conducted with
typology as the independent variable and total hours of ﬂight experience and hours of recent ﬂight experience as the dependent variables. The analysis revealed that the typologies identiﬁed were not
differentiated on the basis of the total hours of ﬂight experience
accumulated by pilots, F(1, 57) = 1.133, p = .292), nor by their hours
of recent ﬂight experience, F(1, 53) = .000, p = .998).
A Chi-square test for independence was conducted subsequently to determine whether there was a relationship between
typology and the level of the pilot’s license. No relationship
was evident between typologies and the licence held by pilots,
v2(3, 59) = 2.79, p = .43. The overall results of Phase One suggested
that the performance on EXPERTise was a product of factors other
than experience and level of qualiﬁcation.
3. Phase Two: In-ﬂight decision-making
3.1. Method
3.1.1. Participants
The participants in Phase Two were 20 visually-rated, male,
general aviation pilots. These pilots were those from Phase One
Table 4
Phase One: Cross-tabulation of cue utilisation typology against the decision to the
conduct the ﬂight during the pre-ﬂight decision task.
Conduct the
ﬂight
Greater cue
utilisation
Lesser cue
utilisation

Acquire additional
information

Do not conduct
the ﬂight

13

4

11

8

14

7
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who agreed to participate in the follow-up study. Nine pilots
demonstrated performance on EXPERTise that was consistent with
greater levels of cue utilisation, while the remaining 11 pilots
demonstrated performance that was consistent with relatively
lesser levels of cue utilisation. An multivariate analysis of variance
between the groups revealed that there were no signiﬁcant differences between them in relation to age, F(1, 19) = .08, p = .78, years
of experience in aviation, F(1, 17) = .24, p = .63, the total number of
ﬂight hours accumulated, U = 36, N1 = 9, N2 = 11, p = .31, the number of ﬂight hours accumulated as pilot in command, U = 30.5,
N1 = 9, N2 = 11, p = .15, or the number of ﬂight hours accumulated
in the 90 days preceding the study, U = 30, N1 = 9, N2 = 11, p = .83.
The majority of participants in both typologies held private
pilots licences (67% for performance consistent with higher cue
utilisation and 72% for performance consistent with lower cue utilisation), while the remaining pilots held commercial or an airline
transport pilot’s licence. Overall, 15% of the pilots, n = 3, held an
instrument rating, two of whom were classiﬁed in the lesser cue
utilisation typology. The remaining IMC-rated pilot was classiﬁed
in the greater cue utilisation typology.
3.1.2. Flight simulation
The participants each completed a simulated cross-country
ﬂight using Redbird FMX ﬂight simulators located at Macquarie
University and at Swinburne University. The Redbird ﬂight simulator uses an enhanced version of Microsoft Flight Simulator as a
software platform, has 180° wrap-around visibility, responds with
three degrees of freedom, and is capable of being registered as an
Advanced Aviation Training Device by the Federal Aviation
Administration. The program ‘Insight’ was used to record the longitude, the latitude, the altitude, and the heading of the aircraft
for each half-second of the ﬂight. The simulated ﬂight was planned
from Bathurst, New South Wales, to Cowra via Orange, New South
Wales, a distance of 63 nautical miles.
The weather conditions deteriorated gradually during the ﬂight
at pre-determined distances from the point of departure. The
variables that changed during the ﬂight included the cloud base,
visibility, breakout (change in visibility), and cloud coverage. The
changes in the features of the weather conditions, together with
the distance from the point of departure at which the changes
occurred, are provided in Table 5.
The dependent variable during the simulation was whether
pilots continued the ﬂight without a change in altitude or heading
as the conditions deteriorated, or whether they initiated a descent
or a change in heading, the latter of which might incorporate a
diversion to an alternate destination. The nature of the changes
in weather conditions, as well as rate of deterioration, was
intended to make the decision as to whether to continue or deviate
from the ﬂight plan as subjective as possible.
3.1.3. Risk perception
Risk perception was considered a potential covariate in the
analysis, since there is evidence to suggest that differences in
pilots’ decision-making reﬂects differences in their perceptions of
the risk associated with particular activities (Hunter, 2002). The
risk perception questionnaire employed during the study was
developed by Hunter (2002) and consists of a series of 26 scenarios
that describe higher and lower risk aviation activities, in-ﬂight
weather conditions, and non-aviation activities. The participants
were asked to rate on a scale of 1–100, each of the 26 scenarios
in terms of the level of risk that they perceived to be involved in
each situation. A value of ‘one’ corresponded to low risk and a
value of 100 corresponded to high risk, with 50 as the midpoint.
An exemplar question from the risk perception questionnaire is
‘Make a two-hour cross-country ﬂight with friends, after checking

Table 5
Deterioration of weather conditions during the simulated ﬂight.
Distance into ﬂight
(nm)

Cloud base
(feet)

Visibility
(nm)

Breakout

Cloud
coverage

0
10
15
25
30

7500
7500
7500
7500
7100

Unlimited
40
30
20
10

7387
7500
7500
7500
7500

4/8
4/8
5/8
7/8
7/8

your weight and balance’. In the present study, the reliability of the
instrument across the four dimensions was 0.817.
3.1.4. Procedure
Having completed EXPERTise in Phase One, the participants
were advised that they would be undertaking a simulated ﬂight
under Visual Flight Rules (VFR). They were also advised that they
should undertake the ﬂight as they would within the operational
environment. Participants were supplied with a ﬂight plan, current
weather reports, including an Area Forecast, Terminal Area
Forecast, Meteorological Reports, and a World Aeronautical
Chart (WAC) with the intended ﬂight marked. They were also provided with a kneeboard and a pen, and were permitted 15 min to
familiarise themselves with the route prior to the ﬂight.
The simulated ﬂight was initiated with the aircraft ready for
take-off at Bathurst on Runway 35. The participants were required
to depart Bathurst and climb to a cruising altitude of 6500 feet on a
heading of 267° to Orange. On reaching Orange, they turned the
aircraft to a heading of 220° towards Cowra. The simulation was
terminated when the participants had landed the aircraft at either
Orange or Cowra, or if the participants appeared to have lost control of the aircraft.
3.2. Results
The primary aim of this phase of the study was to determine
whether a relationship existed between different cue utilisation
typologies and the decisions that pilots made in response to deteriorating weather conditions during a simulated ﬂight. Therefore,
the variable of most interest in the present study was whether
pilots continued the ﬂight without a change in altitude or heading
as the conditions deteriorated, or whether they initiated a descent
or a change in heading, the latter of which might incorporate
diversions to an alternate destination. Overall, 50% pilots elected
to continue the ﬂight, despite the fact that the visibility was below
that necessary for operations under Visual Flight Rules (VFR).
A Chi-square analysis established a signiﬁcant relationship between cue utilisation typology and the decision to continue the
ﬂight or initiate a response, either to descend or initiate a diversion, v2(1, 20) = 5.05, p = .025. Inspection of the contingency table
indicated that 77% of pilots (7) whose performance was consistent
with higher levels of cue utilisation continued the ﬂight. By comparison, only 27% of pilots (3) whose performance was consistent
with lower levels of cue utilisation elected to continue the ﬂight.
3.2.1. Risk perception and measures of experience
A one-way ANOVA was used to determine whether the cue
utilisation typologies could be differentiated on the basis of the
perceptions of risk associated with aviation activities in particular,
and with life events more generally. The Risk Perception Questionnaire developed by Hunter (2002) comprises four dimensions,
although the level of reliability between the scales provided some
justiﬁcation for the calculation of a composite score. The ANOVA
failed to reveal a statistically signiﬁcance difference between cue
utilisation typologies and composite scores on the Risk Perception
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Questionnaire, F(1, 18) = .00, p = .97. Nor was there any signiﬁcant
difference between pilots’ risk perception scores on the basis of
whether they continued or diverted from the planned ﬂight,
F(1, 18) = .10, p = .75.
Consistent with the results pertaining to risk perception, no
differences were evident between pilots who diverted from the
planned route and those who continued in terms of the total
number of ﬂight hours accumulated, F(1, 19) = 2.48, p = .13,
the number of hours accumulated as pilot-in-command,
F(1, 19) = 1.64, p = .22, and the number of ﬂight hours accumulated
in the 90 days preceding testing, F(1, 15) = .00, p = .94. Only three of
the participants in Phase Two held instrument ratings, one of whom
diverted, while the remaining two pilots continued the ﬂight.

4. General discussion
This study was designed to determine whether cue utilisation
typologies differentiated the behaviour of pilots in response to
simulated pre-ﬂight and in-ﬂight decision-making scenarios. Pilots
were initially classiﬁed on the basis of their level of cue utilisation,
having completed a weather-related version of the EXPERTise
situational judgement test. Two typologies emerged that broadly
represented relatively greater or lesser levels of cue utilisation.
Consistent with the hypothesis, a relationship was evident
between cue utilisation typologies and pilot’s pre-ﬂight decisionmaking in which pilots who demonstrated a relatively greater level
of cue utilisation were more dichotomous in their responses, electing either to conduct or not conduct the ﬂight. By contrast, pilots
who demonstrated a relatively lesser level of cue utilisation were
more likely to select the more ambivalent option, presumably on
the basis that there was a perception of insufﬁcient information
available to form a decision.
In the case of the in-ﬂight decision scenario, pilots who demonstrated lesser levels of cue utilisation were more likely to divert or
descend compared to pilots who demonstrated greater levels of
cue utilisation, who tended to continue the ﬂight into deteriorating
weather conditions. This occurred despite the fact that the typologies were not signiﬁcantly different in terms of risk perception, total hours of ﬂight experience, hours of recent ﬂight experience,
whether or not they held an instrument rating, or the licence that
they held. In combination, the responses to the pre-ﬂight and inﬂight scenarios suggest that the acquisition and subsequent
application of cues may play a signiﬁcant role in weather-related
decision-making amongst pilots. Importantly, it may, in part,
explain the plan-continuation error prevalent amongst visual pilots who faced with deteriorating weather conditions during ﬂight.
According to Schriver et al. (2008), where pilots possess a more
sophisticated repertoire of cues in memory, there is an increase in
the number of feature-event/object relationships to which an operator may attend. It is through experience that these relationships
are then reﬁned and that operators establish those cues that are
inefﬁcient and/or inaccurate (Janelle et al., 2003). In the context
of the present study, 77% of pilots who demonstrated relatively
greater levels of cue utilisation elected to continue the ﬂight during
the in-ﬂight scenario, despite the deteriorating weather conditions.
Therefore, it is possible that these pilots have progressed beyond
the stage of cue acquisition where they are responsive to ‘highlevel’ features such as the mere presence or absence of cloud,
and are increasingly responsive to ﬁnely tuned features such visibility, the progression of the deterioration in weather conditions,
and/or the proximity to the destination. Consequently, what
presents as a plan-continuation error might be explained as a
response to a features, albeit inaccurate, that the rate of deterioration and the proximity of the destination are such that it supplants
other features that might be associated the safety of the aircraft.
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Reacting to these ﬁnely tuned, but potentially inaccurate
features might also explain the dichotomous responses that were
evident in the pre-ﬂight decision scenario, since pilots who demonstrated greater levels of cue utilisation would be responding to
different features, depending upon their individual experiences.
Since there were no high-level features to which to attend, pilots
with relatively lower levels of cue utilisation sought a response
that would enable them to acquire additional information and,
perhaps, identify the higher level feature/s that would indicate
the appropriate response under the circumstances.
4.1. Theoretical implications
The inappropriate or ineffective application of cues is one of a
number of explanations for cases of visual ﬂight into instrument
meteorological conditions. Other explanations include the motivation to reach the destination, and/or a failure to identify and
appropriately assess the risks associated with continued ﬂight
(Wiegmann et al., 2002). The results of the present study are
broadly consistent with these explanations insofar as they identify
a particular cohort of pilots for whom pre-ﬂight and in-ﬂight
decision-making is likely to be associated with poor outcomes.
As practitioners develop their experience within a domain, they
begin by developing and reﬁning strategies that are intended to
improve the accuracy and the efﬁciency of their performance within the operational environment (Wiggins, 2012). Inevitably, this
process of hypothesis testing or effortful learning results in some
associations that are inefﬁcient or, in some cases, inaccurate
(Roediger and Butler, 2011; Rolison et al., 2011). It is only through
further exposure to the domain that the inadequacies of these
associations can be established and that reﬁnements can be initiated to redress the issues. However, in the context of high-consequence environments such as weather-related decision-making,
the consequence of this type of error-based learning can be
signiﬁcant.
The outcomes of the present research suggest that, where plan
continuation errors are evident in transitions into deteriorating
weather conditions, these errors may be a consequence of
inadequate or inappropriate feature-event/object associations.
The relative effectiveness of these associations might also explain
inaccurate assessments of risk, together with the apparent desire
to reach the destination. In effect, these pilots may be unable to detect the nuances that would otherwise lead them to discontinue
the ﬂight under the circumstances.
Support for the role of cue associations in weather-related
judgements can be drawn from the outcomes of training strategies
that are designed to enable the accurate interpretation of cues.
Using independent assessments of the cue-based weather-related
training program Weatherwise, both Wiggins and O’Hare (2003)
and Chansik (2011) were able to demonstrate improvements in
pilot performance in response to simulated deteriorating weather
conditions. The Weatherwise program is designed to expose pilots
to key cues that are indicative of deteriorating weather conditions
and to which they may not have been exposed during initial
training.
4.2. Impact on industry and future research
The outcomes of the present study offer, for the ﬁrst time, the
basis of a psychometric instrument that might enable the identiﬁcation of those pilots who are at a stage of skill acquisition at which
they are most at risk of inaccurate weather-related decisions. It
should also be possible to adopt a similar approach across other
forms of situation assessment under uncertainty, including the
interpretation of weather radar displays and the analysis of the
decision height for instrument approaches to landing.
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Targeting pilot groups at particular levels of risk will reduce the
costs associated with training interventions and will also enable a
greater uptake of cue-based information, since the effectiveness
of cue-based training appears to be restricted to operators who
have reached a level of competence and who have developed a reasonably detailed mental model of the domain (Perry et al., 2012).
The role of cue-based training in this case is to capitalise on the feature-event/object relationships already resident in memory and to
‘tune’ the associations, thereby enabling ﬁner levels of discrimination than might have previously been the case (Anderson, 1982).
The result may be an increase in the rate of skill acquisition, since
the unstructured process of hypothesis testing is avoided.
4.3. Conclusion
This study sought to examine the relationship between typologies that describe different levels of cue utilisation amongst pilots
and their performance in response to simulated pre-ﬂight and
in-ﬂight weather-related decision tasks. The results indicated that
those pilots whose performance was consistent with relatively
greater levels of cue utilisation were more deﬁnitive in their
decision to either conduct or not to conduct the ﬂight during the
pre-ﬂight decision scenario, and were more likely to continue the
ﬂight during the in-ﬂight decision scenario. This suggests that,
although pilots of this typology may have developed and are applying cues, these cues may be incomplete, inefﬁcient or, in some
cases, inaccurate. This may explain the plan-continuation errors
that are evident amongst some pilots, but it also suggests that these
pilots can be identiﬁed so that appropriate training can be initiated.
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