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Abstract
The NASA task load index (short: NASA-TLX)
is a common metric to evaluate the workload
of a user in a visualization study. Yet, it is
rarely performed as initially intended, as the
sources-of-workload evaluation is often omit-
ted for various reasons. We conduct an online
survey to investigate the task load of adminis-
tering different versions of the NASA-TLX in a
meta-study using the ReVISit framework. Our
results show that it is not the slight increase in
experiment time, but rather participants’ frus-
tration with the procedure, that contributes to
the slight increase in task load when using the
full version of the TLX compared to using a
shortened version. However, we also show that
the full version can shine a different and more
faceted light on workload by adding a personal
dimension to the data. We propose that a com-
pact version of the sources-of-workload ques-
tionnaire can mitigate both time loss and frus-
tration for study participants, while still provid-
ing the same data as the original procedure.
The online study can be found and interac-
tively explored on https://dpahr.github.io/
tlxtlx/, and the source for the study, as well
as the code for our analysis, can be found on
https://github.com/dpahr/tlxtlx/.

1 Introduction
A central element of many evaluations — in the field
of visualization and beyond — is the measurement
of the subjective task load on a user. This can, for
example, shine a light on the potential of a tool to

https://humansystems.arc.nasa.gov/groups/tlx/downloads/TLX_pappen_manual.pdf
https://humansystems.arc.nasa.gov/groups/tlx/downloads/TLX_pappen_manual.pdf
https://dpahr.github.io/tlxtlx/
https://dpahr.github.io/tlxtlx/
https://github.com/dpahr/tlxtlx/


lighten the cognitive load of users in comparison to
other state-of-the-art methods. Among all the tools
in the human-factors toolbox, few have earned the
kind of celebrity status that the NASA Task Load
Index (NASA-TLX) enjoys. Born in the cockpit but
well established in usability labs, hospitals, control
rooms, and even classrooms, NASA-TLX has become
the de facto method for asking people one simple
thing: How hard was that task, really? This is done
by rating six separate items on a questionnaire, divid-
ing task load into its individual parts: mental, phys-
ical, and temporal demand, performance, effort, and
frustration.

The procedure for the NASA-TLX is well illus-
trated and disseminated via online resources, such
as the paper and pencil package [4] or the com-
puterized version [3]. Nevertheless, the procedure
is often modified [5], making it difficult to compare
results between different publications and distorting
the original meaning of this important metric. The
most common modification is to omit performing a
user-specific sources of workload evaluation, which
provides weights for the individual dimensions of the
TLX.

We argue that, specifically for the analysis of vi-
sualizations using modern survey platforms, the com-
plete procedure for the NASA-TLX is not only easy
to implement but also quickly executed. Thus, in this
paper, we turn the tables. Instead of using NASA-
TLX to evaluate a tool, we evaluate NASA-TLX it-
self. Our goal is to measure the impact of apply-
ing different versions of the NASA-TLX in a crowd-
sourced online study. We create a survey using the
reVISit framework [2], that confronts participants al-
ternatingly with i) no scale weighting, ii) a compact
scale rating procedure, and iii) a scale rating proce-
dure that resembles the original paper version.

By measuring the impact of using the full version
of the NASA-TLX, we demonstrate that this version
offers more insights with a reasonable impact on study
participants. Furthermore, we argue that this impact
can be mitigated by using a compact version of the
sources-of-workload evaluation.

2 Background
The NASA-TLX, developed by Hart and Staveland [6]
in 1988, breaks subjective workload down into six
intuitive components: mental demand, physical de-
mand, temporal demand, effort, performance, and
frustration. This can be done by marking a rating
on a piece of paper or a PC, on a questionnaire sim-
ilar to Figure 1. A slow interface might lead to user
frustration, while a complicated task may lead to a
higher cognitive load. As task load is a highly sub-
jective measure, each dimension is given a different
weight for every individual, which can also vary across
different tasks. For example, one might care very lit-
tle about temporal demand when there is no time
limit for a task, or disregard physical effort when sim-
ply interacting with a computer using a mouse and
keyboard. The TLX is designed to account for par-
ticipant-specific sources of workload. For each type
of task, a participant is presented with all 15 possi-
ble pairings of the six scales in a random order, and
for each, selects the one contributing higher to their
subjective task load. The participant then rates their
experience in each of the categories on a scale from 0
to 100, and the final score — the task load index —
is computed as a weighted average of the individual
scores.

However, the procedure to acquire user-specific
weights for the individual components is often disre-
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MENTAL DEMAND
aaa How mentally demanding was the task?

Very Low Very High

PHYSICAL DEMAND
aaa How physically demanding was the task?

Very Low Very High

TEMPORAL DEMAND
aaa How hurried or rushed was the pace of the task?

Very Low Very High

PERFORMANCE
aaa How successful were you in accomplishing what
you were asked to do?

Good Bad

EFFORT
aaa How hard did you have to work to accomplish
your level of performance?

Very Low Very High

FRUSTRATION
aaa How insecure, discouraged, irritated, stressed,
and annoyed were you?

Very Low Very High

Figure 1: A NASA-TLX questionnaire, as proposed
by the paper and pencil package [4].

garded. This has sometimes been justified through
a need for efficiency, since the weighting procedure
takes time [9]. Some research has been done to prove
it to be redundant, due to a high correlation of the
weighted and non-weighted TLX in some cases [1, 7,
9]. The abridged version without collecting individ-
ual weights for the scales has been called the “raw”
task load index (RTLX). Hendy et al. [7] suggest that
even a univariate rating, i.e., using a single scale for
task load, would provide a good estimate of individual
workload. We argue that using the complete proce-
dure over the RTLX can provide additional insights
that are otherwise lost. While raw ratings may be
used to pinpoint specific points of interest in an analy-
sis, a raw average may vary greatly from the weighted
average in specific cases [6].

Multiple versions of the TLX questionnaire are
available directly from NASA, with precise instruc-
tions on how to use them. The paper and pencil
package [4] provides printable resources for a physi-
cal version, a computerized version instead proposes
filling the questionnaires on a PC [3], even an iOS
version is provided [12]. Noyes and Bruneau [10]
compare the original paper and pencil package and
the computerized version in a meta study, investigat-
ing if either of these versions incurs a higher task load
on their study participants. They found the two ver-
sions to incur comparable task load. Our study, while
also a TLX metastudy where the TLX is applied as
a metric to evaluate itself, is targeted to investigate
different versions of the virtual questionnaire.

Kosch et al. [8] warn of the “hidden cost of the
NASA-TLX”. They argue that the TLX was not de-
veloped with HCI in mind, and that a cumulated score
may obscure individual factors contributing to work-
load. Still, they argue that its simplicity and ease of
use are key advantages over other metrics. In this
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paper, we seek to disentangle simplicity and malprac-
tice using the NASA-TLX. We argue that using the
RTLX brings no significant advantage over perform-
ing the full procedure. The slightly longer procedure
can be administered with little impact on study times
and user experience, using modern survey platforms.

3 Experimental Setup
We implemented a small survey in reVISit [2], com-
paring the impact of three different versions of the
NASA-TLX on the task load of a study participant
in a between-subjects design. The online study can
be found and interactively explored on our ReVISit
instance, and the source for the study, as well as the
code for our analysis, can be found on the GitHub
repository.

Procedure
We show an illustration of the experiment procedure
in Figure 2. Our study starts with an introduction
for every participant. We give a brief overview of
the procedure and make sure that participants are
aware that they will complete a two-part experiment.
The first part comprises the participant performing
a single visualization task from the mini-VLAT ques-
tionnaire [11] and being administered one of three
versions of the NASA-TLX. This first execution of
the TLX is targeted to evaluate the participants’ ex-
perience in completing the task.

The second part has the participant completing
another NASA-TLX questionnaire. This is always
the full procedure, including the sources-of-workload
evaluation, with the scales presented in pairs in a ran-
dom order. We carefully introduce the second part

refers to

refers to

opt. A?
opt. B?

Step1: First, the user
completes a simple task
on a random visualiza-
tion.

EFFORT

PERFORMANCE

FRUSTRATION

[...]

OR

EFFORT

PERFORMANCE

FRUSTRATION

[...]

What is more
important?

Performance
Effort

What is more
important?

Performance
Frustration

[...]

OR
EFFORT

PERFORMANCE

FRUSTRATION

[...]

What is more
important?

Performance
Effort

What is more
important?

Performance
Effort

What is more
important?

Frustration
Effort

Step2: Then, the user
completes a TLX about
the first simple task. It
can be either a long,
a medium or a short
TLX. We call this step
TLXtask.

EFFORT

PERFORMANCE

FRUSTRATION

[...]

What is more
important?

Performance
Effort

What is more
important?

Performance
Effort

What is more
important?

Frustration
Effort

Step3: Finally, the
user completes a TLX
about the previous TLX.
This is always a long
TLX. We call this step
TLXTLX

Figure 2: Illustration of the experiment procedure in
3 steps.
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with a title card and a thorough introduction to make
sure subjects understand that they are now evaluating
the TLX procedure from part one.

Conditions
We compare three different versions of the NASA-
TLX in our study (long, medium, short). Figure 3
shows an overview of our experiment conditions. The
long condition represents the full TLX procedure,
most closely resembling the original paper and pencil
package. Participants are first shown pairs of scale
names in a random order, selecting the one that they
deem to contribute more to their subjective task load.
Afterwards, they are asked to rank their task load for
the specific task on the six scales. The task load in-
dex is calculated as a weighted average of a user’s
ratings using the results of the sources-of-workload
procedure. As a medium condition, with a predicted
effort between the RTLX and the original version of
the TLX, we use a compact form of the sources-of-
workload evaluation. Instead of presenting the pairs
of scales in succession, participants are shown a sin-
gle page with all 15 pairs at once. The task load is
computed in the same way as in the long condition.
In the small condition, the NASA-TLX is adminis-
tered in its abridged form, commonly known as the
RTLX. The difference to the original version is that
no sources-of-workload evaluation is performed, thus
no weights are obtained for the individual scales when
computing the TLX score. The task load is computed
as the average of a user’s ratings.

Metrics
Our goal is to determine the impact of using the
NASA-TLX on participants in a crowdsourced study.

EFFORT

PERFORMANCE

FRUSTRATION

[...]

(a) Condition (short): only the
sliders are presented.

EFFORT

PERFORMANCE

FRUSTRATION

[...]

What is more
important?

Performance
Effort

What is more
important?

Performance
Frustration

[...]

(b) Condition (medium):
Sources-of-workload on a
single page.

EFFORT

PERFORMANCE

FRUSTRATION

[...]

What is more
important?

Performance
Effort

What is more
important?

Performance
Effort

What is more
important?

Frustration
Effort

(c) Condition (long): sources of workload on individual pages.

Figure 3: The three different conditions for the exper-
iment. (a) Participants only complete the TLX ques-
tionnaire, no sources-of-worload evaluation (short).
(b) Participants complete the sources-of-workload
evaluation on a single page (medium). (c) Partic-
ipants complete the sources-of-workload evaluation
with successive comparisons, analogous to the paper
and pencil package (long).
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The task the participants are asked to perform ini-
tially serves as a source of exertion, i.e., to cre-
ate the workload we wish to evaluate. Our partic-
ipants complete two separate NASA-TLX question-
naires, one to determine the task load of the vi-
sualization task (TLXtask) and the other to deter-
mine the task load of the first administered TLX
questionnaire (TLXTLX). In the long and medium
conditions, we look at the correlation between the
weighted (TLXtask) and unweighted (RTLXtask) aver-
age of the ratings for the visualization task. Addi-
tionally, we compare the results from the sources-of-
workload evaluation (wTLXtask) and the participants’
questionnaire responses (RTLXtask) in rating the vi-
sualization task. For the evaluation of the TLX pro-
cedure, we look at time (tTLXtask) and task load index
(TLXTLX) of our participants across the three condi-
tions (long, medium, short). The time for completing
the questionnaire is measured from the participant
having read the introduction, which either leads to
the sources-of-workload evaluation or directly to the
rating questionnaire, to the completion of the rating
questionnaire. We compute the TLX for a task as
a weighted average of scores and weights per scale,
and the RTLX as the average of scores on each scale.

4 Results
We sent out an invitation to participate in our study
via email to several visualization research groups. We
offered no reward for participation and did not collect
demographic data. Of 34 responses in total, 20 com-
pleted the entire study, and we rejected 14 incom-
plete responses. The number of samples received for
each condition varied; we received seven responses
for the long, three responses for the medium, and 10

TLXtaskshort

0 20 40 60 80 100
RATING

Mental Demand

Physical Demand

Temporal Demand
Performance

Effort

Frustration

TLXtasklong

0 20 40 60 80 100
RATING

Mental Demand
Physical Demand

Temporal Demand

Performance

Effort

Frustration

Figure 4: The results for TLXtask. A black dashed
line indicates the average TLX score, while the grey
dashed line indicates the unweighted average RTLX
score. As we did not collect weights in the short
condition, only the RTLX score is shown.
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responses for the short version. We focus mainly on
the comparison of the long and short versions, and
only briefly discuss implications of our findings on the
medium version due to the low number of responses
in this condition.

We present the results similar to Hart [4] in their
paper and pencil package. They use a two-dimen-
sional representation, in the form of a bar chart,
where the length of the bars represents the rating for
the individual scale and the width of the bar repre-
sents the chosen weight. We use this representation
to show the median rating per scale and condition,
and whiskers representing the quartiles. For the long
version, we display the average importance rating for
each scale as the width of the bar. The overall av-
erage workload, i.e., the TLX, is shown as a dotted
line across the chart.

Evaluation of a Visualization Task
Figure 4 shows the results of the task load evalu-
ation for the mini-VLAT task that our participants
completed.

Comparing the RTLX of the long version, i.e.,
calculating the raw average of scores instead of the
weighted average, we see the average task load in-
dex roughly equal to the short condition (51.81 vs
50). The RTLX is represented by the grey lines in
Figure 4, while the black lines represent the weighted
TLX score. Looking at the weighted average in the
long condition shows that the overall workload in the
long condition now much higher than in the short
condition (65.29 vs 50), while the ratings on the
scales themselves are very similar. We see an explana-
tion for this in the average weighting. Temporal and
mental demand are weighed higher on average than
frustration, effort, and performance, thus increasing

the overall task load. On the other hand, physical
demand was consistently rated unimportant by the
participants, and does not have an impact on the
TLX in the long version, while in the short version,
it brings down the overall score.

Evaluation of a TLX Questionnaire
Figure 5 shows the results of the task load evaluation
for the task load index questionnaire our participants
completed.

The median completion time for the TLX evalua-
tion of the task was 81 seconds in the short condition,
which is almost twice as fast as in the long condition
with 156 seconds. For the average task load, we
see an increase in the long version compared to the
short version (52.43 vs 43.10). Interestingly, while
we did measure that participants spent almost double
the amount of time on the long version than on the
short version (156 seconds vs 81 seconds), tempo-
ral demand in completing the task load questionnaire
did not seem to impact our participants’ task load
much in either condition. The most apparent differ-
ence between the two conditions is the increased me-
dian frustration of the participants in the long version
compared to the short version (70 vs 40), possibly
caused by the high number of pairwise comparisons
presented in succession.

The medium Version
We only collected three samples for the medium con-
dition, hence we omit discussing the results of our
analysis in comparison with the other two conditions.
However, we still see it worthwhile to discuss the ini-
tial results in this separate section.
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TLXTLXshort

0 20 40 60 80 100
RATING

Mental Demand
Physical Demand

Temporal Demand

Performance
Effort

Frustration

TLXTLXlong

0 20 40 60 80 100
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Mental Demand
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Temporal Demand

Performance

Effort

Frustration

Figure 5: Results for TLXTLX. A black dashed line
indicates the average TLX score.

TLXTLXmedium

0 20 40 60 80 100
RATING

Mental Demand
Physical Demand

Temporal Demand

Performance

Effort

Frustration

Figure 6: Results from TLXTLXfor the medium condi-
tion. A black dashed line indicates the average TLX
score.

Figure 6 shows the results for the experiment from
the medium condition. The average overall workload
for the medium condition is similar to the short con-
dition (43.33 vs 43.10). We observe again reduced
temporal demand reported for this condition, even
compared to the other two. The median rating for
frustration in the medium condition is also less than
in the long condition (45 vs 70), however the highest
reported frustration score was 80 in the medium con-
dition. The average completion time of the medium
questionnaire was 118 seconds, which is faster than
the average (252 seconds) and median (156 seconds)
of the long version. While these results are promising
for an initial observation, they should still be taken
with a grain of salt, due to the low sample count.

15 16



Discussion
At first sight, our study results seem to confirm
the validity of criticism on the length of the full
TLX procedure by Moroney et al.[9]. Our partic-
ipants who completed a sources-of-workload evalua-
tion spent more time than those who did not, leading
to a longer total time participants spent on the ex-
periment. However, our procedure saw participants
complete only a single task in our experiment. The
sources-of-workload procedure is only completed once
per task type; hence, for longer experiments, the ad-
ditional time spent on the sources-of-workload evalu-
ation also becomes relatively less of a contributor to
the experiment time.

In their 20-year anniversary review [5] of the
NASA-TLX, Sandra G. Hart, one of the researchers
behind the TLX, reports:

In the 29 studies in which RTLX was com-
pared to the original version, it was found
to be either more sensitive (Hendy, Hamil-
ton, & Landry, 1993), less sensitive (Liu &
Wickens, 1994), or equally sensitive (By-
ers, Bittner, Hill, 1989), so it seems you
can take your pick.

We argue that the sources-of-workload procedure ef-
fectively measures a second dimension of task load,
which we try to indicate through encoding the av-
erage weights per scale into our figures. Our rep-
resentation shows personal preferences for a task by
revealing the sources of workload of a study sample.

While we did not receive enough responses, we
still observe an improvement in completion time and
task when using the compact sources-of-workload
evaluation compared to the original version. An ad-
vantage of the single-page version of the sources-of-

workload evaluation may be that study participants
can see how many pairs there are for them to rate,
mitigating their frustration.

We received little written feedback in our survey,
the only comment stating that the participant got
confused with the scale names. While we provided
the descriptions as help text in ReVISit, we argue that
users need consistent support in completing the TLX,
especially in crowd-sourced studies. Another indica-
tor for this is the high variance of the performance
score in most of our experiments, which is counterin-
tuitive in the TLX questionnaire since it ranges from
“good” to “poor”, while other scores all range from
“low” to “high”. Here, we suggest including scale
definitions directly on screen whenever referring to
them, in any virtual setting.

Frequently, the TLX questionnaire is modified
even beyond omitting the sources of workload evalua-
tion. In visualization studies, commonly performed in
front of computer screens, using mainly mouse and
keyboard, the physical component has been called
into question or outright disregarded [13]. This may
be sensible in isolated A/B comparisons; however, by
modifying an established metric, the ability to com-
pare results with prior studies is lost. Beyond this,
opting to report on individual scales instead of a com-
pound score complicates statistical analysis, requiring
adjustments in hypothesis testing such as Bonferroni
correction. The TLX is designed to be a metric for
task load; hence, if one desires to measure specific
sub-items, then assumptions can only be made for
that specific item, not for task load overall, and the
reference to the TLX would be superfluous.
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Conclusion
Kosch et al. [8] speak of the “hidden cost” of the
TLX. Instead, we want to highlight its forgotten
benefits. Firstly, the NASA-TLX, while not initially
intended for use in HCI, measures highly relevant
dimensions of workload independent of the nature
of the task. Secondly, the personalized nature of
the questionnaire allows us to analyze an otherwise
hidden dimension of workload, lost to us if the
sources-of-workload evaluation is not performed.
Finally, modern study frameworks allow us to execute
a procedure that may have been cumbersome in
the past with considerable ease. The NASA-TLX
remains a useful measurement tool in our studies,
now even for itself.
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