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Abstract: The objective of this study was to evaluate the feasibility of airborne assignment of NASA-TLX scores. A total of 21 participants flew
two simulated flying missions. In both missions, the participants’ task was to fly an instrument landing system (ILS) approach, followed by a
stabilized climbing turn maneuver. In one mission, the participants evaluated their mental workload on the ILS approach and assigned
the NASA-TLX scores during the climbing turn maneuver. In the other mission, the same tasks were conducted after the simulated flying task.
The participants’ NASA-TLX scores and flying performance between missions were compared. There was no significant difference in the
participants’ flying performance between missions. There were no significant differences in either NASA-TLX scores or overall indices between
two missions.
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A pilot’s balanced mental workload (MWL) during flight is
a critical enabler for operational effectiveness and flight
safety (Aasman et al., 1987; Mansikka et al., 2019; Paas &
Van Merriënboer, 1993). The National Aeronautics and
Space Administration – Task Load Index (NASA-TLX; Hart,
2006; Hart & Staveland, 1988) is a commonly used method
to asses pilots’ MWL (see, e.g., Casali & Wierwille, 1984;
Jorna, 1993; Mansikka et al., 2016; Sohn & Jo, 2003;
Wilson, 1993). It is frequently used as a simple way to
obtain a post-task estimate of the subjective MWL.
NASA-TLX is a multidimensional method, where MWL is
assessed across six dimensions: mental demand (MD),
physical demand (PD) and temporal demand (TD), which
reflect the sources of workload, and performance (OP),
effort (EF), and frustration level (FR), which represent the
interaction of the pilot’s performance with the task. MWL
assessments conducted across the dimensions have been
shown to have reasonably high levels of test/retest reliabil-
ity (Corwin, 1989). Corwin reports slightly higher levels
of test/retest reliability for the NASA-TLX dimensions
that reflect sources of workload (correlation typically at
r = .40–.80) than for those that represent the pilot’s interac-
tion with the task (correlation typically in the region of
r = .35–.75).

NASA-TLX, like all subjective MWL measures, is low
cost, nonintrusive, and easy to administer. A literature
search on Google Scholar suggests that since 2000,
NASA-TLX has been used in almost 10,000 published

works in the aviation and aerospace domain. The measure
has been used for various purposes, for example, to support
the flight deck design process (e.g., Banks et al., 2018; Li &
Chen, 2020), to examine the workload imposed by differ-
ent in-flight failures (Etherington et al., 2016) or procedures
(Efthymiou et al., 2019), and to validate or corroborate
other measures of workload. Such measures include heart
rate (e.g., Alaimo et al., 2021; Mansikka et al., 2018,
2019), bilateral prefrontal cortex blood oxygenation using
functional near-infrared spectroscopy (e.g., Bishop et al.,
2021; Matthews et al., 2015), pupillometry (Silva et al.,
2021), and respiratory sinus arrhythmia (Muth et al., 2012).

However, despite its popularity, NASA-TLX has several
limitations. Annett (2002a) outlined general concerns relat-
ing to the validity and reliability of subjective workload
measures (for an in-depth discussion about the topic, see
Annett, 2002a, 2002b; Young & Stanton, 2002). As Annett
(2002b) has pointed out, any time delay between a task
execution and the person’s retrospective evaluation of
his/her MWLwhen doing that task is a source of systematic
time error. In a study of airline pilots flying simulated mis-
sions in a Boeing 727, Corwin (1992) observed that post-
flight scores of high workload events using another subjec-
tive MWL measure, the Subjective Workload Analysis
Technique (SWAT; Reid & Nygren, 1988), were signifi-
cantly higher than in-flight scores. Moroney et al. (1995)
conducted an experimental investigation of the effects of
delay when making workload measurements using SWAT
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and NASA-TLX, both in the laboratory and in simulated
flight. When performing a compensatory tracking task, it
was observed that the greater the delay before providing
the workload scores with SWAT, the more the scores
between high- and low-workload experimental scenarios
converged (the range became more restricted). The inter-
ference effect of a working memory task that required
participants to memorize the status of four different types
of information (see Eggemeier et al., 1983), between work-
load evaluation task and workload scores was negligible (up
to a 30-min delay). Moroney et al. (1995) reported similar
results when making workload scoring using NASA-TLX,
although the maximum meaningful delay before making
the workload assessments in this case was only 15 min.

By contrast, Tsang and Vidulich (1994) evaluated the
impact of time delay when using three different subjective
workload techniques: immediate workload assessment
(using a simple, univariate 0–100 scale); delayed workload
assessment (using the same scale); and Subjective Work-
load Dominance (SWORD) ratings (Vidulich, 1989). They
proposed that by making ratings immediately after the task
of interest, the potential for workload misinterpretations
arising from memory decay would be minimized. This
would suggest that by minimizing the time delay between
the task execution and the assignment of the NASA-TLX
workload scores, the validity of the workload measures is
enhanced.

When taken to an extreme, the NASA-TLX scores could
be given airborne, right after the task of interest but while
still flying. However, an evaluation of workload and assign-
ment of scores during flight can also potentially increase the
pilot’s task demand. This increase has potential to lead to an
elevated MWL and degraded performance. If this increases
demands on working memory above a critical point, it may
also lead to elevated pilot’s MWL and decrease pilot’s
accuracy in controlling an aircraft. Harris (2011) commented
that it is unlikely that SWAT or NASA-TLX could be used to
make concurrent workload estimates during simulated or
real flight as a result of the number of subscale scores
required. Both workload approaches are likely to intrude
on task performance. In addition, the increased task
demand during workload evaluation and the assignment
of NASA-TLX scores could affect the pilots’ opinions about
their MWL in the task that they are supposed be assessing.
Moreover, the impact an additional task of in-flight admin-
istration of NASA-TLX has on flying performance has not
been explored. In this study, a simulated flying mission
was used to investigate these issues.

To evaluate whether the airborne evaluation of workload
and the assignment of NASA-TLX scores are feasible, it is
necessary to investigate how much the additional task of
assigning the scores impacts the pilots’ MWL and control
accuracy, and also whether it affects the NASA-TLX

scores themselves. Such an analysis, however, creates an
interesting research question. Traditionally, Type I error is
the error to avoid. In this instance, what is actually of
interest is whether completing NASA-TLX in simulated
flight makes no difference to workload scores or control
accuracy – an issue requiring consideration of Type II error
(see, e.g., Harris, 1991). A nonsignificant result when com-
paring NASA-TLX scores between these conditions does
not necessarily indicate that they are the same: It just sug-
gests that they are not significantly different. However,
Type II error is concerned with the probability of failing
to observe a significant difference where one actually exists.
In this study where the focus is on establishing whether
there is no difference between in-flight and post-flight
scores of workload, Type II error is equally important as
Type I error. In this study, the NASA-TLX scores obtained
during and after the flying mission were compared. In addi-
tion, the impact the in-flight assignment of NASA-TLX
scores has on pilots’ control accuracy was evaluated.

Method

Participants

A total of 21 cadets from the Finnish Air Force Academy
volunteered to participate in the study. The mean age of
the participants was 21.33 years (SD = 0.94). All participants
were male. The participants were at the same phase in their
flying curriculum and their mean experience on a Valmet
L-70 Vinka aircraft was 70.66 hr (SD = 19.13), including
their experience on an aircraft’s flight training device
(FTD). Written informed consent was obtained from each
participant before the trial. At the time of the trial, all par-
ticipants were medically fit to fly and were qualified to fly
the flying mission used in the trial. The flying mission
was part of the participants’ normal flying duties. The mis-
sions were flown during their normal office hours.

In Finland, ethical review of nonmedical research involv-
ing human participants is based on a set of guidelines
drawn up by the Finnish National Board on Research Integ-
rity. According to its guidelines, the research configuration
of this paper was such that it did not require an ethical
review statement from a human sciences ethics committee.

Apparatus

The Valmet L-70 Vinka is a two-seat aircraft used for
elementary flying training by the Finnish Air Force. A Vinka
FTD, which simulates the Valmet L-70 Vinka, was used for
the flying task. The FTD has a 180-degree high-fidelity
visual system and a fully functional cockpit, which
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accurately replicates that of the aircraft. The flight instruc-
tor can manipulate the environmental conditions and the
FTD’s systems via the instructor’s operation station (see
Figure 1).

Flying Missions

Each simulation trial consisted of two flying missions: an in-
flight NASA-TLX mission and a post-flight NASA-TLX mis-
sion. The missions differed only in the timing when work-
load was evaluated and NASA-TLX scores were assigned.
For each flying mission, wind was initially set at 15 kn
from heading 020 degrees. Solid cloud was set from 99
to 2,000 m above mean sea level (MSL). The visibility
inside the cloud was set at 0 m. The participants’ task
was to fly two instrument landing system (ILS) approaches,
one in each mission, to Kuopio (EFKU) aerodrome accord-
ing to an ILS Z runway 33 instrument approach chart
published by the Air Navigation Services Finland (the
instrument approach chart is available from: https://www.
ais.fi/ais/aip/ad/efku/EF_AD_2_EFKU_33_ILSZ.pdf). ILS
is a precision approach procedure, which provides a pilot
with both horizontal and vertical control cues throughout
the approach profile. There was a 3/min rest period
between the two missions. The task demand of the ILS
approach in both missions was identical.

The FTD was initialized at 830mMSL (Figure 2, Point 1)
flying straight and level at 180 km/h, heading 250 degrees.
The participants’ task was to fly over an initial approach fix
(see Figure 2, Point 2), descend to 610 m MSL, and inter-
cept the ILS localizer by the time they reached the final
approach fix (see Figure 2, Point 3). At the final approach
fix, the participants intercepted the ILS glide slope. Once
the localizer and the glide slope had been intercepted, the

participants’ task was to fly the ILS approach by minimizing
the horizontal and vertical control errors (with respect to
the control cues) until they reached the 157-m MSL, which
was the decision height (DH) for the ILS Z 33 approach
(Figure 2, Point 4). When the participants passed 550 m
at approximately 8.5 km from DH, the direction of the wind
was changed from 020 degrees to 310 degrees. As the
participants descended through 330 m at approximately
3.5 km from DH, the direction of the wind was changed
back to 020 degrees. With a standard approach speed of
180 km/h and a descent rate of 2.51 m/s, the ILS approach
from glideslope interception to DH took 3min. After reach-
ing DH, the pilots were to commence a go-around, retract
flaps, and fly a stabilized right climbing turn for 3 min (Fig-
ure 2, Point 5). During this climbing turn maneuver, the
participants were to maintain an airspeed of 140 km/h at
full power and a bank angle of 15 degrees.

Measures

NASA-TLX
When NASA-TLX is administered, participants provide two
types of information about each dimension: weights and
scores. The weights represent the subjective importance
of each dimension as a source of MWL during the task of
interest, whereas the scores express the subjectively experi-
enced magnitude of MWL with respect to each dimension.
A weighted score for each dimension is calculated by mul-
tiplying the dimension’s score by its normalized weight.
Here, normalization means that the sum of weights is 1.
An overall MWL index is the sum of the weighted dimen-
sion scores.

Figure 1. Vinka flight training device. The instructor’s operation
station is behind the pilot’s seat.

Figure 2. Instrument landing system approach procedure used in
missions. A plan view of the approach profile is shown on the top and
a profile view on the bottom. Headings are magnetic. Figure is not
illustrated to scale.
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Before the trials, the participants weighted theNASA-TXL
dimensions with respect to their importance as a source of
MWL on a typical EFKU ILS Z33 approach task. As Virtanen
et al. (2021) discussed and demonstrated, the original pair-
wise comparison procedure used in NASA-TLX for obtain-
ing the dimensions’ weights has a few challenges. To
overcome these, the Swing weighting method (Von
Winterfeldt & Edwards, 1986) was used. In this method,
the most important dimension (or dimensions) is (are)
assigned 100 points. The less important dimensions are
assigned less than 100 points with respect to their relative
importance. Unlike the original NASA-TLXweighting proce-
dure, Swing allows for dimensions to be expressed as equally
important and it does not artificially limit weight values.

In the in-flight NASA-TLX mission, the participants
evaluated workload and scored the NASA-TLX dimensions
regarding the ILS approach flown immediately prior to
making the scoring (Figure 2, from Point 1 to Point 4) while
flying the climbing turn maneuver (Figure 2, Point 4
onwards). In the post-flight NASA-TLX mission, the partic-
ipants evaluated workload and scored the NASA-TLX
dimensions concerning the ILS approach after the go-
around maneuver had been completed and the simula-
tion had been stopped. The scale used in the scoring was
0 (= low MWL) to 100 (= high MWL).

Control Performance
The control performance of the participants was measured
using ILS performance and climbing turn performance. ILS
performance was evaluated between Points 3 and 4 (see
Figure 2). ILS performance was determined based on the
participants’ horizontal and vertical errors with respect to
the published ILS Z approach profile. In addition, the differ-
ence between the target airspeed and the airspeed main-
tained during the ILS approach was observed. ILS
performance was determined after the flying task using
mission playback. Ten measuring points were used to
obtain the horizontal, vertical, and airspeed errors. The first
nine measuring points were separated by 1 km. The dis-
tance between the ninth and the last measuring points
was 0.9 km (see Figure 2). Averages for the horizontal,
vertical, and airspeed errors were calculated for each partic-
ipant and used as ILS performance measures. From the
playback of the 3-min climbing turn maneuver, the partici-
pants’ airspeed and bank angle errors during the maneuver
were observed at every 15 s. Averages of airspeed and bank
angle errors were calculated and used as performance mea-
sures for the turning climb maneuver.

Procedure

Before the trials, the participants were briefed about the
Swing weighting method. They then weighted the workload

contributions on the NASA-TLX dimensions with respect to
a typical EFKU ILS Z33 instrument approach. They were
also instructed how to report their MWL using the
NASA-TLX workload form. The participants were given a
normal mission briefing, after which they entered the
FTD. The order in which the participants flew the in-flight
and post-flight NASA-TLX missions was randomized.

Before the simulation was started, the participants rested
in the FTD for 3 min. For the in-flight NASA-TLX mission,
the FTD was initialized to Point 1 (see Figure 2). The pilots
flew the ILS Z profile to DH, after which they executed a
go-around and commenced a 3-min climbing turn maneu-
ver. While in the climbing turn maneuver, the participants
evaluated their MWL on the ILS approach and assigned
the scores for the NASA-TLX dimensions. The participants
referred to the pencil-and-paper version of the NASA-TLX
form attached on their kneeboard and spoke aloud the
scores for each dimension. The flight instructor copied
the scores using the NASA-TLX paper and pencil version
(available from: https://humansystems.arc.nasa.gov/
groups/tlx/downloads/TLXScale.pdf). After 3 min of per-
forming the climbing turn maneuver, the simulation was
stopped.

The procedure for the post-flight NASA-TLX mission was
identical to the in-flight NASA-TLX mission until the
participants reached DH. In the post-flight mission, the par-
ticipants did not evaluate their workload and provide
NASA-TLX scores during the climbing turn maneuver.
Instead, once the maneuver was completed, the simulation
was stopped and a 3-min rest period was initiated. After the
rest period, the participants assigned their NASA-TLX
scores. As a result, the time delay in the post-flight mission
was approximately 6 min.

Results

Data were analyzed using IBM SPSS statistics software
(version 27). Table 1 summarizes the descriptive statistics
for average altitude, airspeed, and heading errors for the
ILS approaches during post-flight and in-flight NASA-TLX
missions. For the purposes of calculating an estimate of
the Type II error (β), the “true” best estimate of the pilots’
control performance was defined as occurring in the post-
flight NASA-TLX condition, when the participants were
not under the additional workload imposed by completing
the workload scale in flight. A t test did not reveal statisti-
cally significant differences in the mean altitude, t(20) =
�0.265, p = .793; β = 0.100, airspeed, t(20) = �0.057,
p = .955; β = 0.062, or heading, t(20) = �0.458, p = .652;
β = 0.125), errors between the missions. The Type II error
probabilities (β) in all cases were also small, suggesting
that there was a low likelihood of the null hypothesis
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(the hypothesis of no difference) being false. In other
words, it is quite probable that control performance in both
missions was the same.

Table 2 presents the descriptive statistics of average bank
angle and airspeed errors during go-arounds with and with-
out the additional task of evaluating workload and complet-
ing NASA-TLX score assignments. A t test showed no
statistically significant differences in the mean bank angle,
t(20) = �0.897, p = .380; β = 0.004, and airspeed t(20) =
�1.232, p = .232; β = 0.003, errors between the two types
of go-arounds. The Type II error probabilities in both cases
were also low, suggesting that control performance was the
same in both NASA-TLX completion conditions. A Pearson
product–moment correlation indicated strong positive
correlations between the bank angle errors (r = .498, p =
.022) and the airspeed errors (r = .773, p = .000) obtained
from the go-arounds with and without in-flight NASA-TLX
score assignments, further confirming this observation.

Table 3 summarizes the descriptive statistics of weighted
dimension scores and overall MWL indices obtained during
the in-flight and post-flight NASA-TXL missions. Table 4
presents t-test statistics and Type II error estimates for
the scores and the workload indices. Table 5 describes
the corresponding correlations for scores and indices.

The Type II error probabilities when comparing the
weighted dimension scores and the overall MWL indices
in the in-flight NASA-TLX mission and the post-flight
NASA-TLX mission are all quite low, with the possible

exception of the EF dimension (see Table 4). This largely
indicates that workload values were the same in both
missions. This is also supported by the correlation analyses
reported in Table 5.

Table 1. Means (M) and standard deviations (SD) of average altitude (m), airspeed (kn), and heading (degrees) errors during ILS approaches
preceding post-flight and in-flight assignment of dimension scores (N = 21)

Altitude Airspeed Heading

M SD M SD M SD

Post-flight NASA-TLX ILS performance 9.17 4.50 9.10 3.69 0.43 0.36

In-flight NASA-TLX ILS performance 8.81 5.45 9.02 4.88 0.39 0.27

Note. ILS = instrument landing system.

Table 2. Means (M) and standard deviations (SD) of average bank angle (degrees) and airspeed (kn) errors during go-arounds with and without the
additional task of score assignments (N = 21)

Bank angle Airspeed

M SD M SD

Post-flight NASA-TLX go-around performance 2.03 1.30 5.28 2.67

In-flight NASA-TLX go-around performance 2.31 1.51 5.90 3.64

Table 3. Means (M) and standard deviations (SD) of weighted dimension scores and overall indices obtained in the in-flight NASA-TLX mission and
the post-flight NASA-TLX mission (N = 21).

MD PD TD OP EF FR OW

M SD M SD M SD M SD M SD M SD M SD

In-flight 10.52 3.05 4.44 4.50 8.59 3.40 6.76 4.01 9.84 3.44 4.27 3.36 44.42 21.75

Post-flight 10.48 3.26 4.35 4.34 8.37 3.68 6.25 3.19 8.83 3.29 3.76 2.94 42.05 20.70

Note. MD = mental demand; PD = physical demand; TD = temporal demand; OP = own performance; EF = effort; FR = frustration; OW = overall workload.

Table 4. Dependent t-test results and Type II error estimates of
weighted dimension scores and overall indices obtained in the in-flight
NASA-TLX mission and the post-flight NASA-TLX mission (N = 21)

t(20) p β

MD 0.052 .959 0.056

PD 0.334 .742 0.061

TD 0.408 .688 0.085

OP 0.650 .523 0.179

EF 1.560 .134 0.405

FR 1.037 .312 0.195

OW 0.939 .359 0.288

Note. MD = mental demand; PD = physical demand; TD = temporal
demand; OP = own performance; EF = effort; FR = frustration; OW = overall
workload.

Table 5. Pearson product–moment correlations (r) for weighted
dimension scores and overall indices obtained in the in-flight NASA-
TLX mission and the post-flight NASA-TLX mission (N = 21)

MD PD TD OP EF FR OW

r .506 .961 .757 .519 .611 .755 .259

p .019 .000 .000 .016 .003 .000 0257

Note. MD = mental demand; PD = physical demand; TD = temporal
demand; OP = own performance; EF = effort; FR = frustration; OW = overall
workload.
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Discussion

The task demand of the ILS approach in both flying
missions was identical; thus, as would be expected, there
was no significant difference in ILS control perfor-
mance between the in-flight and post-flight NASA-TLX
administration conditions (see Table 1). Altitude, heading,
and airspeed errors were similar in both magnitude and
variance. The in-flight evaluation of workload and adminis-
tration of NASA-TLX occurred during the climbing turn
maneuver, which followed the ILS approach and the
go-around. If the administration of NASA-TLX contributed
a significant information processing overhead (see Harris,
2011), it would be expected that there would be a significant
difference in bank angle and airspeed errors during the
climbing turn. However, there was no significant difference
in climbing turn control performance between the two task
demand conditions (see Table 2) and the magnitude of the
Type II errors suggested that the performance was likely to
be the same. This implies that the cognitive overhead of
completing the NASA-TLX scoring was low, and that the
administration of NASA-TXL did not intrude on the task
performance. In this study, the participants referred to a
printed version of the NASA-TLX form and spoke aloud
the scores. In most aircraft, the intercom is recorded and
the scores can be obtained from the cockpit recording.
As such, there is no need to manually complete the
NASA-TLX form during flight.

In comparing the individual weighted dimension scores
and the overall MWL indices when NASA-TLX was under-
taken in-flight and post-flight, there were also no significant
differences in either scores or overall indices (see Tables 3
and 4). Moreover, the magnitude of the Type II errors sug-
gested that there was a high likelihood that the scores and
the indices were substantially the same. This implies that in
this case the workload estimation and scoring task did not
interfere with the climbing turn task, imposing more work-
load. This is contrary to the suggestions of both Corwin
(1992) and Annett (2002b). Moroney et al. (1995) also
observed a time error when delaying the making of work-
load scorings. However, they observed that the effect
increased as the delay became longer and was negligible
with up to 30-min delay. In this study, the delay between
scorings attributable to the go-around task was around
6 min, which may have helped in this respect.

The results from this study are unusual in that the
nonsignificant results, when considered in conjunction
with the corresponding Type II error estimates, provide
confidence that the data from the two experimental condi-
tions are substantially the same. The correlation coefficients
(see Table 5) give an indication of the variance shared
between the two conditions and indicate that a rise in one

dimension score may be concomitant with a rise in the other
dimension score. The correlation coefficient, however, does
not suggest that themeans or the variances of the two scores
are equivalent in magnitude. Hence, the correlation coeffi-
cients in Table 5 should be interpreted in conjunction with
the contents of Table 4 (t-test and Type II error data). From
a methodological perspective, this implies both that the in-
flight collection of NASA-TLX data is feasible when the
flight segment during which NASA-TLX is administered is
not too demanding and that post-flight data collection
provides the same workload estimates – at least if the data
collection is not greatly delayed. The correlation coefficients
for the individual dimensions when using the Swing weight-
ing method (Von Winterfeldt & Edwards, 1986) are of the
same order as those reported by Corwin (1989), who utilized
the original NASA-TLX weighting procedure.

NASA-TLX has been shown to have methodological chal-
lenges regarding the impact of time delay when the scoring
of dimensions is carried out (Annett, 2002b) and the way
the dimension weights are assigned (Virtanen et al.,
2021). The results of this study reveal that the issue related
to the time delay between the assignment of scores can be
overcome by conducting the scoring during the simulated
flying mission. However, future research is needed to eval-
uate how the in-flight scoring procedure affects control
accuracy and NASA-TLX scores – especially if it is con-
ducted during a real flight. Such trials should encompass
scenarios of varying degrees of difficulty and in particular
more demanding phases of flight. While the results of this
paper are encouraging, it is still recommended to use mul-
tiple measures when assessing MWL as it minimizes the
potential biases of individual measures.

Conclusion

Overall, NASA-TLX seems to be a reliable near-real-time
technique for estimating pilots’ subjectively experienced
MWL – at least if it is used in an experimental context.
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