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A B S T R A C T   

This study builds on previous research, which established that in flight simulator experiments the communica-
tion performance of pilots was impaired under certain applied conditions. The flight simulator data recording 
relating to the actions of the pilots were examined to determine the impact of the factors affecting pilots’ 
communication (increased workload, increased demand on memory and, for some groups, increased ATC speech 
rate) on their flying performance. Using heading error as the dependent variable, no significant effects were 
found even for flights where pilots committed the most communication errors. Pilots are taught to prioritise tasks 
in order of operational safety importance, as per the adage “aviate, navigate, communicate”. Thus, these results 
are encouraging as they show that the order of operational importance is adhered to, and that flying performance 
is maintained even when communication is affected.   

1. Introduction 

In high-stakes environments, safety relies on processes that are 
employed to standardise behaviour and provide predictable outcomes. 
These processes include training to specific competencies and skill 
levels. In addition, during training, certain behaviours are reinforced 
until they are internalised and become routine. Such training is crucial 
in directing attention towards the task at hand and prioritising tasks. In a 
number of professions, however, it is common to for individuals to 
perform multiple tasks at once. The simultaneous performance of two 
tasks commonly leads to performance deficits in these tasks (Watanabe 
and Funahashi, 2014). In safety critical professions such as aviation 
where simultaneous dual-task performance is common, any perfor-
mance deficit can lead to an adverse safety outcome. The aim of this 
research extends Molesworth and Estival’s (2015), Estival and Moles-
worth (2016, 2020) research which uncovered the effect of known 
external factors on pilot miscommunication, to determine whether pilots 
are able to effectively prioritise their attention and prevent the known 
factors that impact communication from affecting flying performance. 

The dual-task effect is thought to provide evidence of the capacity 
limitations of working memory (Watanabe and Funahashi, 2014). Ac-
cording to Kahneman (1973), working memory contains a finite number 
of resources. The available resources limit the amount of information 
that can be processed at any given time. Once this is exceeded, deficits in 

performance are likely. Completing multiple tasks simultaneously in-
creases the likelihood of exceeding the resource limits of working 
memory. Baddeley’s (2003) model of working memory predicts 
differing effects based on the nature of the information being presented. 
In this model, visuospatial information is maintained and manipulated 
in the visuospatial sketchpad, while auditory information is maintained 
and manipulated in the phonological loop. Each of these components of 
the system is theorised to draw on separate resources, resulting in 
greater dual-task interference when both tasks are of the same modality, 
such as two auditory stimuli, compared to one auditory and one visuo-
spatial stimulus. Alternatively, multitasking may cause decreased per-
formance due to the increased demands on the user’s attention – 
drawing attention away from the process of refreshing the visuospatial 
sketchpad and phonological loop can cause that information to decay, 
resulting in information loss and lower performance (Rhodes and 
Cowan, 2018). The interaction between Baddeley’s components of 
working memory and the participant’s directed attention, or inattention, 
could therefore result in dual-task interference. 

Wickens’ (2008) Multiple Resource Theory provides an alternative 
account for dual-task interference. As in Baddeley’s three-component 
model, Multiple Resource Theory theorises separate processing do-
mains for visual and auditory stimuli, which draw on separate resources. 
Some dual-task inference is predicted under both models regardless of 
stimulus modality, as executive functions such as planning and 
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executing responses are theorised to occur in a central component with a 
single pool of resources (Helton and Russell, 2011, 2013). Multimodal 
multitasking will therefore require more resources than completing a 
single task. This does not necessarily result in a noticeable decrement in 
performance provided the resource requirement by each individual 
process is modest enough – a limited-capacity process can perform 
efficiently as overall capacity requirements are not exceeded (Kant-
owitz, 1985). 

One coping mechanism to overcome the deleterious effects of dual- 
task interference is to shed or actively ignore information (Lachman 
et al., 2015). The effectiveness of this strategy is contingent on the 
importance of the information being prioritised. In aviation, this pri-
oritisation technique is actively taught to pilots. Specifically, pilots are 
taught to prioritise their attention, as per the adage “aviate, navigate, 
communicate” (e.g., FAA, 2018; CASA, 2019). Attention prioritisation to 
manage the dual-task effect is not new or unique to aviation. Prioriti-
sation techniques have been employed and tested in the laboratory with 
both young and old adults, and patients with and without a diagnosed 
medical condition to lower the safety risk when walking. Such tech-
niques focus on instructions pertaining to the priority activity, in this 
case walking pattern – gait technique. Attention prioritisation often 
leads to a reduction in gait speed in the dual-task condition (walking and 
cognitive task) compared to control (no attention prioritisation; 
Verghese et al., 2007; Yogev-Seligmann et al., 2010; Yogev-Seligmann 
et al., 2012). In aviation, similar results have been found in reducing 
pilot altitude deviations during an Instrument Flight Rules (IFR) flight in 
the face of competing, less serious prospective memory tasks. Pilots who 
were taught a task management procedure called APE (Assess, Priori-
tize, Execute) showed greater improvements pre-post intervention on 
both the altitude deviation and memory tasks (Bishara and Funk, 2002). 

There remains a question over whether the prioritisation behaviour 
described above would occur without training. Natural task prioritisa-
tion is apparent in some tasks, but not others. In the example of gait 
technique given above, directed prioritisation was required to adjust 
gait speed. This is also the case with swimming (Stets et al., 2019), 
whereby swimming speed is negatively affected by increased cognitive 
load. However, there is some evidence that climbing speed is unaffected 
by increased cognitive load (Darling and Helton, 2014; Blakely et al., 
2021). This lack of interference was found despite climbing having a 
deleterious effect on cognitive tasks, suggesting the interference only 
ran one way. One explanation for this effect is the level of risk involved 
in the activity. Whereas walking and swimming are relatively low-risk 
activities with little penalty for slow(er) performance, climbing is 
higher-risk, with poor performance carrying potentially catastrophic 
consequences (Blakely et al., 2021). There is nevertheless some evidence 
that climbing can be affected by increased cognitive load, though this 
may be an indirect effect – if cognitive demands incur physical fatigue, 
this fatigue could be the cause of slower climbing (Woodham et al., 
2016). These findings have mixed predictions for aviation. Flying is 
certainly a high-stakes behaviour, so natural prioritisation of flying tasks 
may take place, though the low physical demand and relative detach-
ment of the pilot from the physical process of flight may imply that 
piloting will not be naturally prioritised. In any case, there is evidence 
that optimal prioritisation can take place even under high cognitive 
workload (Wickens et al., 2003), so training can prepare pilots to pri-
oritise piloting behaviour over distracting stimuli. 

While the attention prioritisation research highlights the effective-
ness of targeted and simple instructions to effectively prioritise tasks, 
how such a technique applies in aviation where pilots need to balance 
multiple tasks such as flying an aircraft, navigating though three- 
dimensional space, monitoring and responding to communications, 
performing calculations, maintaining situation awareness, is still open 
to research. A number of important questions applicable to attention 
prioritisation in aviation remain unanswered, and possibly the most 
prominent relates to the effectiveness of such a technique on the known 
factors that affect pilot performance. 

Molesworth and Estival (2015), Estival and Molesworth (2016, 
2020) investigated the communication performance of pilots in flight 
simulator experiments providing conditions known or expected to affect 
the communication performance of pilots: increased ATC speech rate 
(Taylor et al., 1994; Burki-Cohen, 1995; Morrow and Rodvold, 1998; 
EUROCONTROL, 2006b; Said, 2011; EUROCONTROL, 2014), increased 
information density (Cardosi, 1993; Barshi and Farris, 2013), increased 
pilot workload (Morrow et al., 1993) and increased radio frequency 
congestion (Morrow and Rodvold, 1993; Orlady and Orlady, 1999). 
They found that increased ATC speech rate, increased information 
density in ATC instructions, and especially increased pilot workload 
(completing a secondary task such as revising fuel calculation), all 
adversely affected pilots’ communication performance as measured by 
the number and nature of the communication errors committed by the 
pilots while flying. 

How these factors affect the primary task of flying is the focus of this 
study. Specifically, this paper reports on the analysis of the flight 
simulator data which recorded the actions of the pilots during the 
simulated flights reported in Molesworth and Estival’s (2015) research. 
The flight simulator recorded data pertaining to Altitude, Indicated 
Airspeed, Vertical speed, Pitch and Roll angle, and Heading. Using 
Heading error as the dependent variable, analyses were conducted to 
determine whether the factors which had been shown to affect pilots’ 
communication also affected their flying performance. 

With the background that all pilots are taught to prioritise tasks in 
order of operational safety importance, as per the adage “aviate, navi-
gate, communicate”, and the effect of the known factors on pilot 
communication performance as identified by Molesworth and Estival 
(2015), the current study sought to answer the following two research 
questions. 

Research questions 

Are pilots able to effectively prioritise the tasks of aviating, navi-
gating, and communicating? 
Does the type of task demand (increased ATC speech rate, increased 
ATC information density, or increased pilot workload) affect pilots’ 
ability to manage the flying task? 

2. Method 

2.1. Participants 

The participants in the study were all pilots recruited from local 
flight training schools, performing in a medium fidelity flight simulator. 
A total of 17 pilots (one female), eight of whom were native English 
speakers (NES) and nine non-native English speakers (NNES)1 vol-
unteered for the research. The average age of the participants was 30.82 
(SD = 13.97) years. All participants completed the set of eight flights, in 
an average of two hours. Before the experiments, the pilots filled an 
informed consent form and a demographic questionnaire. Pilot experi-
ence ranged from 42 to 3,500 h, with seven pilots holding a Private Pilot 
Licence (PPL) or lower qualification, and 10 pilots a Commercial Pilot 
Licence (CPL) or higher. 

2.2. Design 

The experimental design comprised a 2 × 4 repeated measures 
design. The first within-group factor, Task Load contained two levels 
(baseline vs. manipulation), while the second within-group factor, Flight 
Scenario contained four levels (Speech Rate, Information Density, Pilot 

1 The native language of the non-native English speakers (English as a second 
language - ESL) included: Cantonese (4), Chinese (1), Malayalam (1), Italian 
(1), Danish (1), Russian (1). On average, the NNES pilots reported to have 
spoken English for 17.11 (SD = 11.96; range 2–35) years. 
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Workload and Radio Congestion). The data analysis however, comprised 
a 2 × 3 design since the Radio Congestion scenario did not feature 
because the pilots did not have to respond to the manipulated operation 
condition. In the increased Radio Congestion flight, none of the addi-
tional transmissions were directed to the pilot in command (thus, no 
heading instructions). 

The baseline flight in each ‘Flight Scenario’ reflected operational 
conditions (i.e., Task Load) that were deemed to be normal. This flight 
was called Flight A. The manipulation flight, referred to as Flight B, 
varied from the baseline flight based on the operational condition being 
manipulated in accordance with the flight scenario. In the Speech Rate 
scenario, Flight B contained ATC radio transmissions at a speech rate 
double that recommended by ICAO and used in Flight A. In the Infor-
mation Density scenario, Flight A contained fewer than three items per 
ATC transmission, while Flight B contained four or more items per ATC 
transmission. In the Pilot Workload scenario, Flight B involved pilots 
having to calculate the fuel required for a diversion, in addition to 
communicating and flying the aircraft, thus increasing cognitive 
workload. 

The dependent variable was heading error. Heading error was the 
absolute difference between observed heading and prescribed heading 
(as instructed by ATC) for each section of flight. 

Sections of the flight (referred to as time series) were identified based 
on radio instructions – a section would begin when the ATC instruction 
to change heading was given, and end either after the next heading in-
struction, two further non-heading radio instructions, or the end of the 
flight, whichever came first. This allowed the collection of multiple 
observations per run. These sections were further divided into call and 
response segments – the time during which the instructions were given 
was considered the call segment, while the time after the instructions 
ended and the pilot was required to respond verbally and behaviourally 
was considered the response segment. 

The time series was divided further as depicted in Fig. 1, which de-
picts the flight path from an example trial, illustrating where each of the 
three segments fell within a trial. The first response segment, hereafter 
‘R1

′, was taken from the beginning of the response, and the second 
response segment, hereafter ‘R2

′, was taken from the end of the response. 
Each of these segments was of equal length to the call segment, hereafter 
‘C’, to ensure equal observations in each segment. This factor is hereafter 
referred to as call segment, with three levels (C/R1/R2). This division is 

depicted in Fig. 2, which shows the translation from the flight path in 
space to a timeline of the example time series section. The purpose of 
this division was to allow pilots sufficient time to reach their expected 
heading, allowing for fair comparison between the C segment and the 
response. Responses during the R1 segment represented the point in 
flight when pilots were most likely to be affected by ATC instruction 
calls and the need to verbally respond to those instructions, whereas 
responses during the R2 segment represented the point when they would 
be least likely to be affected by ATC calls. It was, therefore, expected that 
heading error would be highest in the R1 segment. The critical com-
parison was between C and R2 segments, as the latter segment was the 
point in the time series when pilots had been given sufficient time to 
make a safe turn to the expected heading. If the presence of ATC calls 
affected flying performance, it would therefore be apparent in the 
comparison of the C and R2 segments. 

2.3. Materials 

The laboratory equipment comprised: X-Plane 6.21 featuring a 
Cessna 172 aircraft (with call sign ‘‘ABC’’), a Personal Aviation Training 
Devices (PCATD) with one 21-inch flat screen monitor, Elite rudder 
pedals, and two additional computers: one to play the audio stimuli 
through an aviation headset and one to record the pilot’s verbal re-
sponses with the Audacity software. In order to replicate the applied 
environment as much as possible, reproduced aircraft noise of a Cessna 
172 during cruise at 65 dBA was played throughout each flight. 

The test documentation comprised: an information sheet, a consent 
form, and a demographics questionnaire asking participants to provide 
their age, sex, native language, number of years speaking English and 
flying experience. 

2.4. Procedure 

The four flight pairings (eight flights in total) were presented in a 
counterbalanced order as per a 4 × 4 Latin square design (as opposed to 
a balanced Latin square design, because of the undesirable adjacency 
which a balanced Latin Square would have given to the two flights in 
each pair). A total of 17 pilots completed the task, for a total number of 
136 flights. The data recorded for each flight was of two types, audio for 
the pilots’ verbal responses and flight simulator data for the pilot 

Fig. 1. Flight path of an example time series section. In this example, pilots begin at heading 360 and receive instructions to change heading to 090 degrees (“ABC, 
turn right heading 090”) during the call segment, with the two response segments occurring at the beginning and end of the remainder of the time series. The 
duration of each of the three segments (Call 1, Response 1, Response 2) is equal. 
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actions. The audio data and the flight simulator data were aligned for all 
the flights. 

2.5. Data analysis 

The dependent variable, heading error, was analysed using a 3 × 2 ×
3 repeated measures ANOVA, with within-subjects factors of Call 
Segment (C/R1/R2), Task Load (Low/High), and Flight Scenario (1/2/ 
3). As explained in Section 2.2, only the first three Flight Scenarios were 
used in the current analysis. Prior to all analyses, violations of the 
ANOVA test assumptions were checked, and alpha was set at 0.05. Alpha 
remained unadjusted in accordance with Rothman (1990) and Arm-
strong (2014), when subsequent post hoc tests were necessary in the 
pursuit of the interpretation of a single test, as opposed to across tests. 
According to Rothman and Armstrong, such a method protects against 
type ii error, as well as controls for type i error since no data was 
repeatedly used across tests. Effect sizes are presented in cases of sig-
nificant differences as Cohen’s d for t-tests and eta-squared for ANOVAs. 
Effect sizes were interpreted based on Cohen’s (1988) conventions. 

Bayesian mixed ANOVAs were used in cases of non-significant re-
sults. These tests have the advantage of being able to evaluate the evi-
dence in favour of a null hypothesis, unlike conventional null hypothesis 
testing. In these cases, Bayes Factors representing the strength of an 
effect are presented. There are two types of Bayes Factors. Bayes Factors 
labelled BF10 represent the strength of evidence in favour of an alter-
native hypothesis compared to a null hypothesis, whereas those labelled 
BFInclusion represent the strength of including a specific factor in an 
explanatory model of the observed data. In both cases, Bayes Factors 
were interpreted according to the conventions in Jeffreys (1961) and 
presented in Table 1. 

Prior to the mixed repeated analysis, it was important to check 
whether differences in flying performance were evident between the two 
language background groups (NES vs. NNES) that featured in Moles-
worth and Estival (2015), Estival and Molesworth (2016, 2020). Per-
formance differences, if any, would be expected in the manipulation 

flight (Flight B), therefore three separate t tests (one for each flight 
scenario) were performed. The results of the three t tests, failed to reveal 
a significant difference based on heading error (largest t, t(13) = 1.19, p 
= .25 – Flight 1). As a result, the two groups were collapsed. 

3. Results 

Prior to analysing the results in relation to the two research ques-
tions, a manipulation check was conducted to determine whether dif-
ferences existed between call segments. As demonstrated in the Design 
section above, differences in call segment between R1 and R2 were ex-
pected, since in R1 pilots would be initiating their turn based on the ATC 
instructions, and at R2, they should be on the new required heading or 
near approaching this new heading. It is also possible that differences 
exist between C and R1, based on pilots’ early initiation of the new 
heading. As can be seen in Table 2, the results revealed a medium-sized 
main effect for Call Segment, F(2, 20) = 44.48, p < .001, η2 = 0.06. 

The post hoc analysis for Call Segment revealed that R1 was statis-
tically different to both the C segment, t(10) = 9.10, p < .001, d = 2.75, 
and the R2 segment, t(10) = 6.69, p < .001, d = 2.02. These represent 
extremely large effect sizes. Mean heading error in the C segment was 
also significantly different to error in the R2 segment, t(10) = 2.41, p =
.026, d = 0.73. This represents a medium effect size, but it is much 
smaller than the effects seen in comparisons of the R1 segment to the 
other segments. This pattern of results suggests pilots were following 
ATC instructions and that, given sufficient time, they could reach the 
appropriate heading. 

Having determined that pilots were indeed following the heading 
instructions given by ATC, it was important to determine whether pilots 
were able to effectively prioritise tasks whilst flying (Research Question 
1). If pilots were unable to prioritise tasks (flying and communicating in 
Scenarios 1 and 2; flying and performing calculations in Scenario 3), a 
main effect for Task Load (Flight A vs. Flight B) would be expected. As 
can be seen in Table 2, and by the separation between lines in Fig. 3, no 
main effect was evident. Bayesian analysis indicated moderate evidence 

Fig. 2. Timeline of an example time series section where Call 1 provided heading instructions and where Call 2 provided no heading instruction. Shaded areas 
represent the data used for the current analysis. Responses 1 and 2 represent the beginning and end of the response time series, respectively. 

Table 1 
Interpretation of Bayes Factors, based on the conventions in Jeffreys 
(1961).  

Bayes Factor BF10 Interpretation 

>100 Extreme evidence for H1 

30–100 Very strong evidence for H1 

10–30 Strong evidence for H1 

3–10 Moderate evidence for H1 

1–3 Anecdotal evidence for H1 

1 No evidence 
1/3–1 Anecdotal evidence for H0 

1/10–1/3 Moderate evidence for H0 

1/30–1/10 Strong evidence for H0 

1/100–1/30 Very strong evidence for H0 

<1/100 Extreme evidence for H0  

Table 2 
Test statistics from 3 × 2 × 3 repeated measures ANOVA. Significant results are 
marked with asterisks.  

Factor Mean 
Square 

Degrees of 
Freedom 

F p 

Task Load  38.57 1, 20  0.03  0.876 
Flight  727.72 2, 20  0.27  0.763 
Call Segment  4588.94 2, 20  44.48  <0.001*** 
Task Load * Flight  2272.55 2, 20  1.35  0.281 
Task Load * Call Segment  40.17 2, 20  0.94  0.406 
Flight * Call Segment  245.83 4, 40  2.61  .05a 

Task Load * Flight * Call 
Segment  

29.69 4, 40  0.57  0.689  

a This result was ambiguous, as it approached significance (p < .05), so was 
examined further below. 
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against including this factor in an explanatory model of the data, BFIn-

clusion = 0.15. This result indicates that pilots were able to prioritise 
tasks. 

The next analysis sought to determine how the task demand (i.e., 
increased ATC speech rate, increased ATC information density, and 
increased pilot workload) affected pilots’ ability to manage the flying 
task (Research Question 2). If these different demands affected pilots 
differently, an interaction between Task Load (Flight A vs Flight B) and 
Flight Scenario (speech rate, information density, pilot workload) would 
be expected. As can be seen in Table 2, the results failed to reveal a 
significant effect. Anecdotal evidence (as defined in Table 1) for an 
interaction was found, BFInclusion = 1.97, though this evidence lacks the 
strength to reject the null hypothesis. 

The Bayesian analyses above found evidence against a difference in 
flying performance based on Task Load (Research Question 1) or on 
Flight Scenario (Research Question 2). Indeed, only models containing 
Call Segment as a factor explained the data better than the null model. It 
should be noted that, unlike frequentist ANOVA, these tests provide 
positive evidence for the null hypotheses. In relation to the research 
questions, they indicate that pilots can effectively prioritise the task of 
flying over communicating and performing calculations, and that the 
type of task demand does not affect this ability. 

4. Discussion 

The main aim of this study was to determine whether pilots can 
effectively prioritise their attention and thus prevent factors known to 
impact communication from affecting their flying performance. The 
results revealed that indeed pilots were able to effectively prioritise their 
attention, and importantly that the factors which have been shown to 
affect communication such as increased ATC speech rate, information 
density, and workload, failed to interfere with their prioritising the task 
of flying. Given the findings of Molesworth and Estival (2015) and 
Estival and Molesworth (2020) that these sources of load interfered with 
verbal responses for the same cohort of participants on the same tasks, 
this lack of interference suggests that the pilots focused on piloting 
rather than verbal tasks. 

The primary finding of this analysis was the expected difference 
between the R1 segment and the other segments within the time series, 
with a larger deviation from the required flight trajectory on R1 relative 
to other segments. The simplest explanation for this difference is that the 
R1 segment represents a time before pilots could have responded to the 
instructions given in the call. The more relevant comparison was be-
tween the C and R2 segments, which would have detected a difference 
due to the demands of the verbal task. The lack of significant difference 
here, along with the lack of differences across Task Load conditions or 
Flight Scenarios, have two possible explanations. It might be that the 
conditions were truly not different. However, the difference in verbal 
response accuracy across Task Load conditions in Scenarios 2 and 3 
(Molesworth and Estival, 2015; Estival and Molesworth, 2020) conflicts 
with this explanation. Another explanation might be that the behav-
ioural measures are not sufficiently sensitive to detect true differences 

across the conditions. Our primary finding of a difference between the 
R1 segment and the other call segments, however, suggests it is indeed 
sensitive to different patterns of behaviour. Another explanation still 
might be that the current analysis simply lacked sufficient power – the 
highest number of pilots in a single condition was fifteen, while the 
lowest was twelve. This precluded the between-subjects comparison 
between NES and NNES pilots. With more observations from a larger 
cohort of pilots, this factor could have been included in the analysis, 
which may have affected our findings if native language interacted with 
the other factors. 

4.1. Theoretical and applied implications 

Our findings can be understood in terms of Baddeley’s (2003) model 
of working memory. The flight scenario with the highest level of dual- 
task interference, Flight 3, was also the only scenario with two visuo-
spatial tasks. The other scenarios involved auditory/verbal task (i.e., 
listen to ATC transmission and respond) and one visuospatial task (i.e., 
piloting), though the lack of statistical significance between the levels of 
task demand is not predicted by this model. The non-significant level of 
interference may be explained by Multiple Resource Theory, which 
predicts that multimodal multitasking incurs less dual-task interference 
than single-mode multitasking. As all scenarios featured auditory sec-
ondary tasks alongside the visual aviation task, they may have caused 
less interference than a visual secondary task. When taken together with 
Molesworth and Estival (2015)’s original analysis of this data, the cur-
rent study’s findings suggest individuals can effectively prioritise 
competing tasks – performance on the verbal tasks was affected by 
increased task demand, but flight performance was not similarly 
affected. These findings mirror those in other research laboratories 
examining simple instructions articulating which task an individual 
should prioritise to achieve a desired level of performance (Bishara and 
Funk, 2002; Verghese et al., 2007; Yogev-Seligmann et al., 2010; Yogev- 
Seligmann et al., 2012). The results also illustrate that task prioritisation 
can overcome the debilitating effect of high cognitive load, which is 
known to affect other aspects of performance (e.g., information density 
and increased workload, which affect communication performance 
while flying (Molesworth and Estival, 2015)). 

From an applied perspective, these findings reflect positively on the 
current emphasis of task prioritisation during flight training. The find-
ings do, however, raise questions about the causes of some crashes that 
result from failures in task prioritisations, such as Eastern Air Lines 
Flight 401 and Pakistan International Airlines Flight 8303. For both 
flights, the accident investigation body found pilot distraction during 
the flight to be the leading contributing factor (NTSB, 1973; AAIB, 2020) 
One of the differences between the flights undertaken in the current 
research and these two fatal flights was the number of pilots onboard, 
and it is plausible that the larger number of crew members led to other 
known psychological phenomena such as diffusion of responsibility or 
failure in communication or leadership (e.g., failure to effectively 
delegate). 

Fig. 3. Mean heading error across levels of call segment and task load. Each panel represents data from the two flights in each scenario.  
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4.2. Limitations and future research 

While the results of this research are positive, they are not without 
their limitations. Although Molesworth and Estival (2015) found that 
increased information density in ATC transmission and increased pilot 
workload adversely affected the communication performance of all pi-
lots, while increased ATC speech rate adversely affected only non-native 
English-speaking pilots with low levels of flight experience, the current 
study found no effect of these three different conditions on flying per-
formance on any of the pilot groups. It is plausible that these factors did 
not affect flying performance because of their perceived lower impor-
tance to the flight itself. A distractor such as a low fuel level or an oil 
warning light, which would relate to the functionality of the engine 
might be more distracting than the two factors which affected commu-
nication and might affect flying performance. This is an area for future 
research. 

In addition, the current study focused on single pilot operations. 
With both Eastern Air Lines Flight 401 and Pakistan International Air-
lines Flight 8303, there were at least two crew members on the flight 
deck at the time of the crash. Task prioritisation may be affected by 
leadership or communication skills (Sexton and Helmreich, 2000), but 
how such skills interact with task prioritisation is another area for future 
research. More generally, cockpit environments with multiple pilots 
may feature more or different sources of cognitive workload than those 
with a single pilot. For example, collaborative tasks that require team 
members to communicate and share workload impose unique source of 
workload (Sellers et al., 2014) while the expertise of individual pilots in 
collaborative environments may not be reflected in effective pilot/co- 
pilot collaboration (Helton et al., 2014). Future research into multi- 
pilot operations will need to account for a more complex set of task 
demands, which may evoke different effects than the current study. 
Another area for future research is the effectiveness of various in-
structions techniques to facilitate in task prioritisation. 

Finally, the current study relied on performance metrics to detect a 
dual-task effect. This has the advantage of being objective, whereas 
commonly used workload measures such as the NASA-TLX (NASA, 
2020), which were not employed in the current study, are subjective. 
However, such measures have the advantage of directness, labelling the 
item under measure and gauging a response. Performance metrics, by 
contrast, can be affected by other sources of task demand, such as 
physical demand or fatigue. Future studies investigating the relationship 
between cognitive demand and flight performance would be strength-
ened by validating performance measures against established measures 
of cognitive workload. 

5. Conclusion 

Pilots from the outset are taught of the importance of task prioriti-
sation for safe and efficient flight. This is simplified in the “adage, aviate, 
navigate, communicate”. The results from the present research illustrate 
that when faced with factors that are known to affect communication, 
pilots are able to effectively prioritise their attention to reduce the 
impact of these factors on their operation of the aircraft. Using heading 
error as the dependent variable, no significant effects were found even 
for flights where pilots committed the most communication errors 
(Flight 2B with increased information density, and Flight 3B with 
increased pilot workload). When taken alongside the previous analysis 
of this cohort’s performance on verbal tasks (Molesworth and Estival, 
2015; Estival and Molesworth, 2020), these results provide evidence for 
effective prioritisation of piloting over verbal communication. Thus, 
these results are encouraging as they show that if the order of opera-
tional importance is adhered to, safe flight operations can be maintained 
even when communication is affected. 
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