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A B S T R A C T

The manipulation of colour in display symbology design has long been recognised as a method to improve
operator experience and performance. Recent developments in colour head-up display (HUD) and helmet-
mounted display (HMD) technology underline the necessity to understand the human factors considerations of
symbology colour coding against conventional monochrome symbology formats. In this low-fidelity desktop
human-in-the-loop experiment, the colour of flight symbology on an overlaid symbology set was coded as a
redundant cue to indicate the accuracy of professional and non-professional pilots’ flight profile across a range of
simulated flight manoeuvres. The main finding of this study was that colour coding flight symbology supported
the manual flying performance of both professional and non-professional pilots. Notably, colour-coding of the
bank indicator and airspeed tape minimised performance error during turning and altitude change manoeuvres,
respectively. The usability of colour coded symbology was also rated higher than the monochrome symbology.
We conclude that colour coded HUD/HMD symbology is preferred by the user and may improve performance
during low workload manual flying tasks. A fuller understanding of performance and workload effects will
require future studies to employ higher workload flying tasks and examine the utility of colour coding within
higher fidelity environments.

1. Introduction

The conscious attentional effort required to locate and scrutinise
target information in a busy visual scene can be minimised by pre-at-
tentive processing when the target stimuli differs from noncritical in-
formation on a single dimension [1–5]. When pre-attentive processing
is successful in this manner the target should “pop-out” of the display
[6]. An example would be the search of a single red item among a set of
green distractor items. In this case, the red target pops out and sum-
mons attention with minimal interference from the green distractors.
When symbology varies along multiple dimensions (e.g. colour and
shape), pre-attentive processing may be able to isolate a group of likely
target candidates based on one dimension (e.g. colour), but then ex-
plicit attentional resources are required to guide attention over the
reduced symbology set (e.g. shapes of a specific colour). Evidently,
performance will be much slower in this instance since explicit atten-
tion is required to scrutinise individual items within the reduced sym-
bology set in serial fashion until the target is located [7–9]. Never-
theless, performance is still superior to the case where there is no colour

coding. Because it is so effective, selection by colour is a common di-
mension of symbology that has been manipulated in the design of visual
displays to improve operator experience and performance [10–12].

The above principles have been successful applied to the design of
cockpit displays to improve the communication of safety critical in-
formation for more than 75 years [13]. The Federal Aviation Admin-
istration (FAA) advises that in addition to utilising visually distinct
colour sets, colours in electronic flight displays must be employed only
as a redundant cue and be semantically standardised (FAA Advisory
circular: 25-11B [14]). For example, the progression from green to red
is commonly used to semantically convey increasing degrees of threat, a
potential hazard, safety criticality, or the need for flight crew awareness
and/or response. There is strong body evidence that has highlighted
that colour can be used to support cognitive functions, improve pilot
spatial orientation, enhance accuracy, decision time and workload
[13,15–17]. In the military domain, colour has been used to support the
identification of targets, smoke, flags, signal and navigation lights, and
terrain differences [18]. In the commercial world, colour coding has
been employed within TCAS modes of head-down navigational displays
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(ND) to support discrimination between TCAS proximity cautions and
alerts. Future avionic applications such as the Airborne Separation
Assurance System (ASAS) will utilise colour within head-down Primary
Flight Displays (PFD) and ND to support pilots maintain self-assured
separation during free-routing operations [19,20]. Specifically, yellow
or orange coloured “no-go” bands placed on the vertical speed tape and
heading rose would represent potential conflicts between 3 and 6 min
away, respectively.

Head-up displays (HUDs) and Helmet-Mounted Displays (HMDs)
allow pilots to see key flight instrumentation on a transparent display
whilst maintaining their view of the outside world. To achieve this both
technologies optimally superimposed the symbology of the transparent
display onto the user’s field of view. This collation of near and far flight
information removes the need to look down at the flight instruments,
resulting in increased situational awareness and greater precision in
aircraft control [21]. HUD and HMD imagery is often restricted to
monochrome (green) as a consequence of the single P-53 phosphor that
is used to generate the imagery [22]. This results in the omission of
information normally provided, or organised, by colour coding. How-
ever, recent advancements in waveguide optical technology means that
the development of colour HUDs could be viable in the near future [23].
The display technology in HMDs is different and the development and
design of colour displays has matured further in comparison to HUDs.
For example, the United Force Airforce (USAF) has addressed several
relevant HMD visual processing issues such as the appropriate lumi-
nance contrasts ratios for a colour HMD [24,25]. Nonetheless, due to
their complexity and high cost, colour HUDs and HMDs have been late
in development [26]. Consequently, the related human factors con-
siderations of colour have been largely ignored. This is reflected in the
absence of specific colour guidance from the FAA regarding the pre-
sentation of information on HUDs (FAA Advisory circular: 25-11B
(Federal Aviation Administration, 2014)). However, these factors have
not decreased their desirability to the user [16]. With the possibility to
develop more visually distinct and complex head-up and head-mounted
display systems in the near future an understanding of relevant human
factors has become more urgent.

Several studies have confirmed the positive impact of colour on
flight performance and operations. DeMars (1975) concluded that, for
certain applications, colour enhanced accuracy, decision time, and
workload capability. In a study by Derefeldt et al. [27], an upgraded
military colour coded head-down display was discovered to provide
more target search and tracking advantages than the earlier mono-
chrome display. Furthermore, the colour displays reduced reaction
times and helped pilots to see the grouping of information on the dis-
play. Similarly, colour-coding weapon symbology of military pilot
HMDs can reduce missile release time without sacrificing probability of
kill [28]. Conversely, Dudfield [29,36] found that the performance
benefits of colour-coded flight symbology on a HUD far outweighed its
perceived importance. However, the pilots in Dudfield’s study noted
that the difficultly of the employed task, maintenance of a straight-level
profile, was not sufficiently challenging.

The intention of the current study is to evaluate the performance
and workload benefits of a colour coded head-up flight symbology set.
Rather than creating a physical HUD or HMD platform we decided to
present an artificial overlay on a computer screen that would in essence
create an “artificial HUD”. This of course creates an offset in terms of
visual acuity and human performance, but the primary focus of this
study was to examine the cognitive effects of colour (and not assess the
focal demands of the display). Manual flying performance and sub-
jective workload of professional commercial pilots and non-professional
pilots was examined in response to flying with a redundantly colour
coded flight symbology set across a range of low-fidelity simulated
flight trials. Similar to Dudfield (1991), symbology colour coding cues
were based on economy so that colour was used only when participants
flew outside pre-determined boundaries, e.g. flying off course, pro-
viding the subject with immediate feedback on the accuracy of their

performance. However, we expanded on Dudfield’s study by evaluating
the use of colour feedback across several flight manoeuvre types (ran-
ging in complexity), not just straight-and-level flight. The use of colour
in display design has been used frequently to facilitate learning [30],
the inclusion of inexperienced participants in the current study was to
determine whether the availability of the colour-coded redundant in-
formation served a cognitive purpose beyond facilitating the learning
process in a novice group. In addition, subjective measures of workload
and usability were measured via the NASA Task Load Index (TLX) and
the Post-Study System Usability Questionnaire (PSSUQ), respectively.

2. Materials and methods:

2.1. Participants

Nine professional commercial airline pilots and eighteen non-pro-
fessional pilots participated in the study. The rank of professional pilot
participants included three first officers and six captains. Pilots’ average
flying experience was 5550 h (SD = 4149). Non-pilots consisted of
volunteer aviation/automotive engineering students and staff from the
Faculty of Mobility and Transport at Coventry University. The experi-
ment was approved by Coventry University Ethics and was in line with
Ethical guidelines as per the British Psychological Society.

2.2. Experimental design and apparatus

The purpose of the study was to investigate systematic individual
differences between professional (pilots) and non-professional pilots
(non-pilots) in terms of flight performance and workload when flying a
manual flying simulator task with either a colour or monochrome head-
up symbology set. A desktop simulator running X-plane 9.71 (Laminar
Research) was used for the manual flying task. Participants were seated
at a viewing distance of 75 cm from a 55-by-40 cm display, produced a
total field of view of 40.3 deg. The simulation required the participants
to fly a very light single-engine jet aircraft (the Cirrus Vision SF50) in a
20-min manual flying task involving a take-off, 4 separate manoeuvres
(Table 1), an Instrument Landing System (ILS) interception and
landing.

Fig. 1 presents the symbology that was overlaid onto the simula-
tion’s visual scene, highlighting how the colour coding of the sym-
bology was implemented. Task complexity was increased by omitting
several information elements (i.e. the velocity vector, vertical airspeed),
promoting synthesis of disparate information sources to accomplish
specific tasks. For example, maintaining a stead vertical airspeed re-
quired attending to altitude and airspeed information simultaneously.

Colour was a changeable independent variable, with the symbology
feature/item colour used to indicate the accuracy of the flight profile.
The colour coding conventions was aligned with the FAA’s guidance on
colour coding within electronic flight displays (Advisory circular: 25-
11B (Federal Aviation Administration, 2014)). Whereby, the progres-
sion from green to red represented the increasing need for flight crew
awareness and response. If a participant was to veer off course, fly too

Table 1
Flight manoeuvres details.

Manoeuvre Description Flight Parameters Evaluated

Alt (ft) IAS (knts) Hdg
(deg)

Bnk (deg)

S&L Straight and level 4000 170 260 0
Descend Straight decent for

1000ft
– 170 130 0

Flat Turn Flat left 130° turn 4000 170 – 20
Climbing Turn Climbing right 190°

turn for 2000 ft
– 170 – 20
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Fig. 1. Examples of the head-up symbology format and colour coding implementation: (A) Straight and level flight profile requirements within limits (symbology all
green); (B) Minor indicated airspeed limit breach (amber IAS tape) during climbing; (C) Excessive altitude limit breach (red altitude tape) during straight and level.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 2
Performance LME AIC model results.

Note: Shaded rows represent “preferred” models. Strong evidence for (ΔAIC < 2) and fewest parameters.
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low or high, too fast or slow, or with a high degree of roll, the relevant
item would change from green to amber and ultimately to red, de-
pending upon the amount of deviance from a set of flight profile criteria
(Table 1). For example, if a subject flew too low or high then the alti-
tude tape would turn to amber at +/-50ft and red at +/-60ft. The
limits in which colour changes occurred were pre-defined. The sym-
bology colour was manipulated in MATLAB® (version R2018b) in real
time, using user datagram protocol (UDP) to send/retrieve relevant
flight parameter data between X-plane and MATLAB®.

The experimental design was a 2 × 4 × 2 mixed factorial design.
Within subject factors included type of symbology (Colour: colour or
monochrome) and type of flight manoeuvre (Manoeuvre; Table 1). The

between subject factor was the experience of the participant group
(Group: pilot or non-pilot). Performance was measured as the root mean
square error (RMSE) data of the deviation from a given manoeuvre’s
required altitude, indicated air speed, heading and bank angle. The
order participants experienced the two Colour conditions were coun-
terbalanced across participants.

2.3. Subjective measurements

Subjective measures of workload and usability were measured after
each 20-min scenario via the NASA Task Load Index (TLX) [31] and the
Post-Study System Usability Questionnaire (PSSUQ) [32], respectively.

Table 3
Usability LME AIC model results.

Note: Shaded rows represent “preferred” models. Strong evidence for (ΔAIC < 2) and fewest parameters.

Fig. 2. Mean IAS RMSE grouped by flight manoeuvre, presence of colour coding feedback, and pilot group. IAS RMSE standard deviations shown as error bars.
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bars.
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For the TLX, an overall workload score was calculated for each parti-
cipant by averaging workload rating across the 6 TLX workload di-
mensions (scale 0–20). Higher TLX rating represented higher subjective
workload. This approach was chosen, in contrast to the alternative di-
mension weighting method, due to the inconclusive evidence that di-
mension weighting improves the TLX’s sensitivity [33]. To aid inter-
pretation of the PPSUQ the valence of scores were reversed so that
higher PPSUQ scores reflected higher rating of subjective usability. In
addition, participants were invited to provide responses to a set of four
open-ended questions related to the usability of the symbology at the
end of the experiment (Appendix A).

2.4. Data analysis

Flight performance data (Indicated Airspeed (IAS), Bank Angle
(BNK), Altitude (ALT)) was fitted using linear mixed effects models
(LME), using the MATLAB Statistical Toolbox) with fixed factors for
Manoeuvre, Group and Colour. Random and fixed effects were selected
using Akaike Information Criterion (AIC) following the method de-
scribed by Diggle [34]. AIC is preferred for model comparison because,
unlike p-values, AIC balances fit and the number of model parameters
when choosing models [35] (see Appendix B for further notes).

The set of models compared were similar to those found in tradi-
tional analyses (e.g., analysis of variance, ANOVA), whereby initial
maximal, generating models consisting of the 2-way interaction
Group × Manoeuvre × Colour (this model will also contain all lower
level one-way interactions and main effects). This model is compared to
a set of simpler models that have one or more effects removed. If a
simpler model accounts for data as well as a complex model (e.g. AIC
difference between models is smaller than 2), it can be assumed that the
missing effects were not important. Hence, a final model should only
include effects that are needed to account for the data. The highest
order model for each analysis, the one reduced models are derived
from, is listed as the generating model along with the model results that
are provided in Tables 2 and 3. Respective random effects structures for
each analysis are also listed here. The list of model results includes the
models closest to the minimum AIC model. Models not listed were
worse and provided poor accounts of the data.

3. Results

3.1. Performance results

3.1.1. Indicated air speed (IAS)
Mean RMSE IAS performance, with standard deviations, is pre-

sented in Fig. 2. For non-pilots, mean IAS RMSE clearly decreased when
colour feedback was provided (RMSE mean difference: Straight and
Level (S&L) = 0.14; Climbing Turn = 0.86; Flat Turn = 1.04; Des-
cent = 1.74). Similarly, mean IAS RMSE was lower with colour feed-
back for pilots, but to a lesser extent, on S&L (RMSE mean difference: =
0.26), climbing turns (0.25) and descents (0.44). Comparison of AIC
values of main effect and interaction models revealed the best model
(AIC = 0) of IAS performance included separate main effects for Colour,
Manoeuvre and Group (Table 2). Evidence for models without any 3
main effects was weak (omitted Colour ΔAIC = 5.3; Manoeuvre omitted
ΔAIC = 9.8; Group omitted ΔAIC = 6.3). The main effect of Group
represented a difference of 2.95 (CI: 1.16–4.74) IAS RMSE between
pilots and non-pilots. The main effect of Colour reflected an improve-
ment of 1.04 (CI: −0.29–1.78) in IAS RMSE when pilots and non-pilots
flew with colour feedback across the four flying conditions.

Evaluation of the systematic differences within Manoeuvre revealed
that the main effect was best explained by an increase in IAS RMSE by
2.73 (CI: 1.89–3.58) during manoeuvres requiring a change in altitude –
Climbing Turn and Descent. There was some evidence for the inclusion
of an interaction between Group and HUD (ΔAIC = 0.6) and weak
evidence of an interaction between Colour and Manoeuvre
(ΔAIC = 4.4).

3.1.2. Bank angle (BNK)
Clear differences were observed in mean bank angle (BNK) RMSE

between the four manoeuvres. In addition, the presence of colour
feedback had a greater influence on BNK RMSE when a change of
heading was required for both pilots and non-pilots (BNK means and
standard deviations shown in Fig. 3). The best model of BNK perfor-
mance was the maximal 2-way interaction model (Table 2). However,
equivalent evidence was found for a simpler model that included the
interaction for Colour and Manoeuvre, and a main effect for Group
(ΔAIC = 1.1). The main effect of Group revealed that, compared to non-
pilots, pilot bank angle deviations were lower overall by 1.6 degrees
RMSE (CI: 0.91–2.30).

Model reduction procedures (post-hoc) revealed that the interaction
model could be considerably improved (ΔAIC = 3.1) by collapsing
Manoeuvre into a 2-level factor, according to whether a manoeuvre
required a heading change. The final model highlighted that man-
oeuvres with a heading change increased BNK RMSE by 6.71 deg (CI:
6.05–7.37), and that colour feedback supported pilots and non-pilots
reduce this error by 1.85 deg.

3.1.3. Altitude (ALT)
Comparison of main effect and interaction models for altitude re-

vealed that the best model was an intercept only model (Table 2). There
was no difference in altitude deviation between pilots and non-pilots
across the flight manoeuvres. Colour feedback had no effect.

3.2. Subjective results

There was no clear difference in NASA TLX scores between colour
conditions for pilots and non-pilots (Appendix C). For TLX scores, non-
pilots and pilots reported moderate (mean = 9.6) and minimal levels
(mean = 4.6) of subjective workload, respectively. Model comparison
results supported the above observations. The best model for NASA TLX
included only a main effect for Group (AIC = 0.0, AICw = 0.58).

Pilot and non-pilot usability ratings of the colour coded symbology
are shown in Fig. 4. A preference for colour coded symbology was
displayed by both pilots (colour vs. mono mean diff = 0. 43) and non-
pilots (mean diff = 0. 38). Overall, usability scores of non-pilots were
higher than pilot usability scores (mean diff = 0.57). AIC model
comparisons revealed the best model to include only the main effect for
Colour (Table 3); pilots and non-pilots rated the usability of symbology
0.36 PSUQ points (CI: 0.27–0.46) when colour coding was present.

4. Discussion

The current study aim was to investigate if benefits provided by
colour in head-down displays could be extended to different types of
head up displays. Specifically, we evaluated the utility of a head-up
colour coded symbology set to support the manual flying performance
of professional commercial pilots and non-pilots.

As shown in this human-in-the-loop study, the performance of both
professional and non-professional pilots benefitted from the presence of
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a colour coded symbology set. Specifically, colour coding of the bank
indicator and airspeed tape minimised error during turning and altitude
change manoeuvres, respectively. Therefore, the use of colour served a
cognitive purpose beyond only facilitating the learning process in a
novice group [30]. In agreement with Dudfield [29], colour coding did
not improve either professional or non-professional pilot performance
during straight and level flight. The specificity of the performance
benefits associated with manoeuvres that require a change of heading
and/or altitude is likely to be due to their increased complexity over
straight and level flight. In contrast to a wings-level profile, pilots are
required to monitor one or more dynamic flight parameters (e.g. the
aircraft’s current heading during a heading change) whilst maintaining
other static parameters (e.g. airspeed and/or bank angle). In this con-
text, where pilots are deploying more attentional focus to dynamic
flight parameter, colour feedback may support the relocation of atten-
tion to neglected static parameters whenever their associated error
margins are breached. Essentially, neglected parameters “pop-out” of
the display when colour coding feedback is provided. The functional
benefit of colour in this regard has been reported widely in the visual
attention literature [1–5]. Indeed, in the post-study usability survey the
majority of professional and non-professional pilots highlighted the
value of colour in supporting the shifting of attention during instances
where the integrity of their scan pattern had deteriorated.

NASA TLX scores indicated that pilots and non-pilots reported
minimal and moderate levels of workload on the current task, respec-
tively. However, while participant flight performance benefitted from
the presence of colour feedback, these benefits occurred in isolation of
any reported subjective workload benefit. A possibility for this outcome
is that participants were required to report their average workload
experienced over the entire flight scenario. Since the colour related-
performance gains were manoeuvre specific, any associated workload
benefits may have been masked with this averaging approach.
Alternatively, the current task did not sufficiently challenge pilots in
order to produce a discernible change in experienced work load. In
Dudfield’s HUD colour study [29], workload benefits were reported for
a flying task which included a secondary task. Therefore, future studies
should evaluate the value of colour coding during scenarios that include
a greater emphasis on visual attention and planning (e.g. taxing, pre-
cision approach and landing), and/or include a secondary task to si-
mulate information processing burden.

Participant subjective usability ratings revealed a preference for the
colour coding format. This supports the large body of research that
suggests colour enhances usability of avionic displays. For example,
Kaufmann and Eaton [36] found that the users preferred the in-
troduction of colour coding into an established radar navigation system.
Colour has also benefited systems used in visualising experiments in
physics [37]. Overall, the aesthetic qualities associated with colour
appear to appeal to the user, and they tend to express preferences for
colour over monochromatic displays.

A consideration of how colour coding effects attentional capture is
important, where attention is allocated to one source of visual in-
formation at the expense of others, to the detriment of performance
[38]. In the context of HUDs and HMDs, attentional capture has been
associated with instances where the pilot neglects far-domain in-
formation to attend to the more compelling near domain flight sym-
bology. The likelihood of attentional capture occurring has been shown
to increase as a function of the degree of experienced perceptual load,
the likelihood of an expected event, and the salience/compelling nature
of the symbology [38]. For the latter, according to feature integration
theory [1–3,5], colour implementation on a HUD and HMD would

substantial increase the salience of near domain symbology informa-
tion. Therefore, future research will need to examine whether the im-
plementation of colour impacts the prevalence of the attentional cap-
ture effects. In particular, understanding how the introduction of
colour-coded head-up symbology might influence the risk of missing
unexpected events during high workload flight tasks, for example
runway incursion detection whilst landing in high turbulence.

Notwithstanding the attentional factors mentioned above, the cur-
rent low-fidelity study did not consider the impact of other aspects that
are important in the visual processing of HUD and HMD symbology.
Issues relating to brightness and contrast are key considerations for
HUD and HMD systems as these directly influence the visual perception
of the symbols and information being presented [39]. Other issues re-
lated to HUD and HMD visual processing, while outside of scope for this
study, should also be considered in future higher fidelity research; such
as depth of field, focal distance, visual acuity, eye box and off-axis
viewing.

Colour could also have deleterious effects if overused. For example,
Carter and Cahill [40] warned against the adverse effects of the ‘un-
restrained use’ of irrelevant colour and argued that it could interfere
with the processing of other symbol dimensions (especially when this
type of coding antagonised the other symbol features). Similarly,
Teichner [41] found that instead of improving performance, too much
use of colour increased mental workload and the incidence of visual
strain [42,43]. Further research by Nagy and Sanchez [44] showed that
search times were slower when the number of colours was increased.
Indeed, McFadden, Kaufmann, and Janzen [45] suggested that shifts in
colour appearance (as a function of surround colours) impaired the
accurate interpretation of information and suggested the use of limited
colour combinations. This suggestion is echoed by the FAA, who advise
implementing a restricted set of colours on displays in order to avoid
many of the above effects (FAA Advisory circular: 25-11B [14]).
Nevertheless, it will be important for future research to discern the
optimal set size for colour coding head-up symbology that simulta-
neously maximises performance and minimises pilot workload.

5. Conclusion and recommendations

The main finding of this study was that head-up colour coded
symbology improved the performance of both professional commercial
pilots and non-professional pilots during a low workload manual flying
task. Specifically, colour coding of the bank indicator and airspeed tape
minimised error during turning and altitude change manoeuvres, re-
spectively. In this context, such a finding has not been previously re-
ported. Despite the absence of a colour-related workload improvement,
the results of this study provide an encouraging basis for the future
review of FAA HUD design guidelines regarding the design and devel-
opment of HUD/HMD colour implementation (FAA Advisory circular:
25-11B (Federal Aviation Administration, 2014)). Pertinent questions
remain regarding where and how head-up colour coding would be best
utilised in-flight deck operations. In particular, the benefit of colour
coding needs to be examined during high workload flight conditions
that place emphasis on visual attention and planning (e.g. taxiing,
precision approach and landing). In addition, higher fidelity evalua-
tions of how head-up colour coding interacts with attentional capture
effects must be addressed, specifically, would colour coding promote
the allocation of attentional resources to near domain information at
the detriment of far domain information?
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Appendix B. AIC LME analysis notes

Model selection using AIC is different from that using p-values, but not difficult to understand. AIC is preferred for model comparison because,
unlike p-values, AIC balances fit and the number of model parameters when choosing models. In brief, better models produce smaller AIC values, but
the absolute AIC values are not interpretable. Instead, the change in AIC (ΔAIC) between models is meaningful and captures the weight of evidence
for each model (rather than being subject to a cut-off, like p-values). Evidence for a model starts to be clear if the ΔAIC exceeds 2. If ΔAIC between
the “best” model and alternative models is less than 2 then the two models are substantially equivalent. When ΔAIC is between 2 and 10 there is
decreasing support for an alternative model. A model with a ΔAIC > 10 has essentially no support. For models where the ΔAIC is less than 2, it is
reasonable to favour the least complex model (i.e. model with fewest parameters/variables). Favoured models contain terms that are important in
accounting for data. This is parallel to significant effects in an analysis using hypothesis testing. For example, if a highly rated model has a term for
group but no interaction, this is parallel to a significant main effect of group and a non-significant interaction. Comparisons can be assisted by
calculating Akaike weights (AICw; Burnham & Anderson, 2002). AICw expresses the relative probability that a model is the best in a particular set,
considering only the models from that set. It measures the weight of evidence for the models being compared. When values are relatively equal across
two or more models, they are all relatively good models of the data. If one model has a high value, and the others are low, there is a model that is
clearly better.

Appendix C. Subjective workload and situation awareness figures/tables and AIC model results

See Fig. A3.1 and Tables A3.2–A3.4.
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Fig. A3.1. Mean TLX score grouped by presence of colour coding feedback and pilot group. TLX score standard deviations shown as error bars.

Table A3.2
NASA Task Load Index (TLX) LME AIC model results.

Note: Shaded rows represent “preferred” models. Strong evidence for (ΔAIC < 2) and fewest parameters.

Table A3.3
Mean inter-item NASA-TLX score grouped by presence of colour coding feedback and pilot group. NASA-TLX score standard deviations shown in parentheses.

Pilot Non-Pilot

Colour Mono Colour Mono

TLX Items
1 – Mental 5.10 (2.81) 5.67 (3.16) 13.67 (2.70) 12.78 (2.86)
2 – Physical 3.20 (2.25) 4.11 (4.31) 8.06 (4.76) 8.59 (5.10)
3 – Temporal 3.90 (2.33) 3.44 (1.51) 9.11 (3.34) 9.11 (3.71)
4 – Performance 4.40 (1.65) 4.22 (1.64) 7.50 (4.13) 7.72 (4.97)
5 – Effort 6.50 (2.64) 7.11 (2.98) 12.61 (3.88) 10.78 (4.62)
6 - Frustration 4.30 (3.83) 4.44 (2.30) 7.94 (3.62) 7.79 (3.85)
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Appendix D. Supplementary material

Supplementary data to this article can be found online at https://doi.org/10.1016/j.displa.2019.101932.
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