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Aims: A most widely used tool for measuring the workload is the NASA-task load index (TLX) questionnaire, in which various studies have
reported numerous problems. The present study aimed to improve the NSAS-TLX mental workload questionnaire using the fuzzy linguistic
variables instead of the virtual rating scale, and multicriteria decision-making Fuzzy Best-Worst method (FBWM) instead of pair-wise
comparison. Materials and Methods: This cross-sectional study was carried out among students of Shiraz University of Medical Sciences.
In order to compare the traditional NASA-TLX and FBWM NASA-TLX questionnaire, participants performed a standard N-Back task
with three low, medium, and high workload, subsequently, they completed the two questionnaires. Finally, results were examined using the
researcher-made software and SPSS 16. Results: With regard to the reaction time to response the N-Back test, the mean of correct responses
were 107.43 and 85.86 responses at levels 1 and 3, respectively. The mean score of the subscales and the final score in the two questionnaires
at different levels of the N-Back test were independent as follows: the two questionnaires had a significant difference on mental demand at
level 3 with a mean (standard deviation [SD]) of 18.09 (6.39) in the FBWM-NASA-TLX questionnaire and mean (SD) of 22.64 (8.15) in the
NASA-TLX questionnaire (P < 0.05). Conclusion: In this study, the FBWM-NASA-TLX questionnaire was designed and studied with regard
to the problems and limitations of the NASA-TLX questionnaire. Results of this study showed that the FBWM-NASA-TLX questionnaire
can estimate more realistic scores and decisions of workload in the studied task.

Keyword: Ergonomics, fuzzy best-worst method, mental workload, NASA-task load index

INTRODUCTION is important to achieve appropriate levels of satisfaction,
comfort, safety, and efficiency at the workplace, which is
considered as one of the main goals of ergonomics.! Hence,
MWL has become one of the most commonly used concepts
in ergonomics study and practice.!*!"

Workload is a term applied to describe the amount of cognitive
and physical resources used to perform a task.! According
to Hart and Staveland, workload is defined as a presumptive
structure representing the costs provided by the operator to
achieve a certain level of performance.>* Nowadays, the trend ~ Although there are many different subjective and objective
to examine the mental workload (MWL) among scholars has ~ methods to evaluate MWL, the NASA-task load index (TLX)
increased due to change in the nature of tasks from physical ~ questionnaire, first presented by the United States National
to cognitive demands.™ As a result, assessment of MWL is _ ,

essential as much as the physical workload. MWL, especially LU GG G L B h s [ BB A R TEEL L
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Aecronautics and Space Administration, has high validity
and acceptance due to its multifaceted features and has been
used in previous studies.'”>'¥ This questionnaire consists of
two sections, (1) rating the intensity of each subscale in the
range between 0 and 100 and (2) comparing the six subscales
in two by two manner.'>!% Different studies have presented
some problems in the results obtained from the NASA-TLX
index.l'!'® In the first section of the questionnaire, a visual
rating scale is used, where the participant must mark specific
lines. The experience shows that people are interested in
marking between the lines; hence, the researcher cannot
achieve the specified number.['”!

The most important problem in this questionnaire is its pair-wise
weighting. Pair-wise weighting can easily be calculated, but
some methodological and practical problems might be risen,
especially in the actual working environments. First, the
weighted mean is based on mathematical assumptions that
are not usually approved.!'¥ The second issue is the fact that
it cannot refer to variable interactions of workload to correctly
represent the integration or effectiveness of a subscale.!'” Third,
the association of pair-wise weighting with raw NASA-TLX
has also been questioned by others.['*!¥! Furthermore, in the
pair-wise weighting of this index, one should only choose
one of the two options, while both subscales might be equally
important in a task. In addition, the importance level of each
subscale cannot be specified by choosing only one option.”

With regard to the problems of NASA-TLX questionnaire; the
aimof this study was to improve the NSAS-TLX questionnaire
using the Fuzzy Best-Worst method (FBWM). Therefore, this
study will present a new instrument to measure the workload
using a general change in the NASA-TLX questionnaire.

MeTtHoDS

Procedure

This cross-sectional study was carried out at Shiraz
University of Medical Sciences. In order to evaluate the
conventional NASA-TLX and proposed FBWM NASA-TLX
questionnaires, the participants performed N-Back standard
task at three low, moderate, and high workloads. After each
level, the perceived MWL was assessed using the conventional
and proposed questionnaires. At first, the participants were
trained for 5 min to perform the test and then, they randomly
selected a task from three levels of N-Back task and performed
it. After completing each task, the questionnaires were
immediately given to the participants and they were asked to
accurately express their perceived MWL proportional to the
performed task. After completing each task and questionnaire,
participants rested for 15 min, so that mental exhaustion would
not affect the performance of the individual for the next task.
Written informed consent was obtained.

Ethics

This ethics of the study was approved by Shiraz University
of Medical Sciences (SUMS) with ethic code No. IR.SUMS.
REC.1397.942.

Study design

Selection and description of participants

Participants were selected from the students of SUMS
randomly. Inclusion criteria were having mental and physical
health, nondrug users, nonuse of nerve stimulants drugs,
and adequate sleep before the study. The demographic
characteristics of participants are presented in Table 1.

Technical information

N-back test

This test is considered as one of the most widely used
instruments for measuring the active memory and is a cognitive
function assessment task related to executive actions.?!! The
participant should check whether the current stimulus is
similar to the previous n-step stimulus or not. The difficulty
level of this test depends on the comparison of the stimulus
with the n-step stimulus, so that if it is 2-back, the participant
should compare the current stimulus with the two previous
step stimulus.??*

NASA-task load index questionnaire

It is a six-dimensional scale for estimating workload. The
index originally consisted of two sections. The total workload
of an activity is divided into six subscales, including Mental
demand (MD), Performance (PE), Effort (EF), Frustration (FR),
Temporal demand (TD), and Physical demand (PD).

FBWM-NASA-TLX questionnaire: like the NASA-TLX, the
questionnaire designed for this study consists of two parts,
estimating the intensity of each subscale in a fuzzy function
and weighing each subscale using the FBWM.

Section 1

The present study uses the fuzzy linguistic variables (membership
functions) instead of the numerical and visual rating scale.* In
other words, the participants first had to choose the intensity of
each subscale by a term such as very low (0, 0, 25), moderate (0,
25, 50), high (25, 50, 75), and very high (75, 100, 100).

Section 2

FBWM was proposed by Guo and Zhao in 2017.24 In the
FBWM method, instead of pair-wise comparisons of the
variables, comparisons and conclusion are carried out in four
steps: (a) selecting the best and worst criteria; (b) comparing

Table 1: Demographic characteristics of participants

Characteristics n (%) Mean (SD)
Gender
Male 10 (33.3)
Female 20 (66.7)
Education
B.Sc. 17 (56.7)
M.Sc. 5(16.7)
Ph.D. 8 (26.7)
Total 30 (100)
Age - 24.9 (4.79)

SD: Standard deviation
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the degree and intensity of importance of the best criteria
toward other criteria with linguistic variables; (¢) comparing
the degree and intensity of importance of all criteria toward
the worst criterion with linguistic variables [Table 2]; and d)
calculating the final weight of the criteria. In this way, frequent
comparisons and their large number are prevented, and the
decision maker can simply make a better and more accurate
decision.*' Then, Egs. (1) to (4) are used to weigh the criteria.

Eq. (1): The function of comparing the best criterion with
other criteria

AB:(aBl’aBZ’aB3""’aBn) (D
Where 4, is the function of comparing the best criterion with
other criteria, a,; represents the chosen linguistic variable to
represent the importance degree of the best criterion toward
the criterion ;.

Eq. (2): The function of comparing other criteria toward the
worst criterion.

4y :(alwaazw’azw’“"anw) 2)

Where A is the function of comparing other criteria with the
worst criterion, represents the linguistic variable to represent
the importance degree of the other criterion i to the worst
criterion.

Eq.(3) is the final equation for weighting the criteria in FBWM.

W, .

B
== —dy

7,
. ~—‘—ajW
WW

min max

J

iR(W/-)ﬂ 3)

W< W< w
s.t. lj <m; <u;

Where

Wy = (15 ) I, = (17 m) a7, =

J J
w w, W ~
(lj N ),aBj —(lBj,mBjqu)

and.a,, = (lfw,m/.w,ufw)

By placing triangular fuzzy numbers in the equation above,
Eq. (4) is formed.

Table 2: Transformation rules of linguistic variables of
decision-makers

Linguistic terms Membership function

Equally importance 11,1

Weakly important 0.67,1,1.5
Fairly important 1.5,2,2.5
Very important 2.5,3,35
Absolutely important 3.5,4,45

min k % 531’%_3”’

J w

L ,my uy,

I m? u?

s.t W_(ll””mm’ujw) <k

wo s S
(7)1
=
I <m} <u?

I720

J =12,....,n

Section 3: Calculating the final score of each subscale and
the total score.

Finally, after completing both sections of the questionnaire
by multiplying the two fuzzy numbers, the first section of
the questionnaire was multiplied by the second part (Eq. 5),
and finally, the final score of each subscale was achieved
by difuzzification of the number obtained from the fuzzy
multiplication of the two-section multiplication, using the
Eq. (6).

A=(1,m,u,)

B=(l,,m,,u,) &)
A®B=(I,®1,,m ®m,,u, ®u, )= (1, my,uy)

Where, A and B are the first and second sets, respectively, with
three lower, medium, and upper bounds.

L +4m, +u,
R(%)=% (6)

Where, R (a,) is the difizzified number obtained from the
product of the two sections of the FBWM-NASA-TLX
questionnaire. In fact, this is the final score of each subscale.
The total score of the questionnaire is also obtained using
the algebraic summation of the final score of each subscale.

Statistics

Microsoft Excel software used for calculating
the FBWM-NASA-TLX questionnaire based on the
above-mentioned equations and independent #-test was
used by SPSS from IBM, North Castle, New York, U.S.
(significance level P < 0.05).

ResuLrs
Calculating the scores for subscales of the FBWM-NASA-TLX
questionnaire (an example).

One of the questionnaires completed by the participants was
as follows. After the N-Back test at level three in the first part
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of the questionnaire, the participant had selected the high level
of linguistic variable for mental demand subscale, very high
linguistic variable for performance, medium linguistic variable
for effort, high linguistic variable for frustration, high linguistic
variable for temporal demand, and very low linguistic variable
for physical demand were chosen.

After calculating the Eq. (4), the weight of each subscale was
obtained, and in this example, the fuzzy weight of mental
demand subscale was (0.23, 0.23, 0.29), for performance (0.27,
0.27, 0.30), effort (0.06, 0.06, 0.07), frustration (0.13, 0.13,
0.17), temporal demand (0.20, 0.21, 0.37), and physical
load (0.06, 0.06, 0.07). Fuzzy weight and final defuzzified
weight of the mental demand subscale are (17.22, 22.96,
29.26) and 23.04, performance (20.35, 27.13, 30.26) and
26.52, effort (1.57, 3.13, 5.37) and 3.24, frustration (6.26,
9.39, 17) and 10.09, temporal demand (9.90, 15.65, 37) and
18.33, physical demand (0, 0, 1.79) and 0.30, respectively.
Eventually, the obtained workload for this person was 81.52.

min k

L =1u, < ku,;l —lu, 2 —ku,

m, —1m, < km,;m, —1m, =2 —km,
u, =10, < kly;u, =11, > —kl,

l, —=3.5uy < kuy;l, —3.5u, > —ku,
—4m, < kmy;m, —4m, > —km,
—4.50 < klju, —4.50 > —kl,

L =1.5u, <kuy;l —1.5u, > —ku,
—2m, < km,;m, —2m, = —km,

—2.50, <kl;u —2.51, >k,

[, —0.67uy < kug;l, —0.6Tuy > —kus
m, —1mg < kmg;m; —1mg > —km,
u, — 1.5l < klg;u, —1.515 > =kl
[, =3.5u, <kug;l, —3.5u, > —ku,

—4mg < kmg;m, —4mg = —km,

— 4.5l < klg;u, —4.5l > —ki

L, =3.5us < kug;l, —3.5u, > —ku,
—4m, < kmg;m, —4mg = —km,
—4.50 < klg;u, —4.50, > —ki,
L—lug, <kug;l, —lu, > —ku,

my, —1m, < kmg;m; —lm, = —kmj
uy =1l <klgsuy =1l > —ki

[, —1.5u, <kug;l, —1.5us > —ku,

=2mg < kmg;m, —2mg = —kmy

u, =250 <kl;u, —2.51; > —ki,
Iy =2.5u, <kugl, —2.5u, > —ku
ms —3mg < kmg;mg —3m, 2 —km,

u; —3.50 < klgyus —3.50 = ki

1 1 1
—xl +4xm +—xu +—=xI, +4xm, +
6 6 6
1 1 1
EXMZ +EX13 +4xm, +g><u3
1 1 1
+gxl4+4><m4 +g><u4 +g><l5 +4xmg +

1 1
gxus +EXZ"> +4xmy +g><u6 =1

[, <m, <u
I, <m, <u,
L, <my <u,
[,<m,<u,
I <mg < u
Iy <mg <ug
L >0;1,>0;, >0/, >0;l, >0;/, >0
k=0

(7)
Mental Demand:
Part 1® Part 2= (1, ®L,,m @ my,u, ®u,)
=(75x%0.23,100x0.23,100% 0.29) (8)
=(17.22,22.96,29.22)

Performance:

Part1® Part 2 = (l1 ®1,,m @m,,u, ®u2)
=(75x%0.27,100x0.27,100% 0.30)
=(20.35,27.13,30.26)

Effort:

Part 1® Part 2=(1, ®1,,m @ m,,u, ®u,)
=(25x%0.06,50x0.06,75%0.07)
=(1.57,3.13,5.37)

Frustration :

Part$1®$Part$2 = (1, ®1,,m @ m,,u, ®u, )
=(50%0.13,75%0.13,100x0.17)$$$
=(6.26,9.39,17)

Temporal Demand:

Part 1® Part 2 = (l1 ®1,,m @m,,u, ®u2)
=(50%0.20,75x%0.21,100% 0.37)
=(9.90,15.65,37)
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Physical Demand:
Part 1® Part 2=(1, ®L,,m @ m,,u, ®u,)
=(0x0.06,0x0.06,25x0.07)

=(0,0,1.79)
R(Mental Demand) = ll+4++u,
_ (17224 (4x2296)+(2922) . o
6
R(Performance) = l,+4++u,
_ (20.35+(4%x27.13)+(30.26) _26.5
6
L+4m +u,
R(Effort) = %
_(STH@EX31+ (3T _ .,
6
R(Frustration) = l,+4++u,
_(626+(4x939)+(7) _, 0 o
6
I +4m. +u.
R( Temporal Demand ) = %
_(9.90+(4x15.65)+(37) _ ¢ 15
6
R( Physical Demand ) = l,+++u,
_(0+(4x 06)+ (.79 _ 30

Comparing the NASA-task load index and Fuzzy Best-Worst

method-NASA-task load index questionnaires

The mean scores of the subscales and the final score of the
two questionnaires were evaluated separately in different
levels of the N-Back test [Table 3]. As it can be seen, there
was a significant difference between the two questionnaires on
mental demands at the level three and physical load at levels
two and three of the tests (P < 0.05).

Comparing different levels of the N-Back test and each
questionnaire was performed separately by #-test [Tables 4 and 5].
This test showed that in the NASA-TLX questionnaire, there is
a significant difference among the different levels of the N-Back
test in subscales, including mental load, effort, frustration, and
final score. In FBWM-NASA-TLX questionnaire, there is a
significant difference between subscales, including mental load,
performance, effort, and final score (P <0.05).

Discussion

The present study aimed to provide a novel instrument for
measuring MWL with a fundamental change in the NASA-TLX
questionnaire. As the results showed, at the most difficult level

of the N-Back test (level 3), the two questionnaires were
significantly different in mental demand and physical load
sub-scales at levels 2 and 3.

The N-Back test used in this study was a complete mental
task, and by increasing the level of test and difficulty of doing
it, the participants’ mental demand increases.*®! Hence, it
can be stated that the most important subscale of this study
is the same as mental demand and the significant difference
between the two questionnaires in this subscale shows the
superiority of the developed instrument. There was a significant
difference between the two questionnaires in the mental load
subscale, and the mean scores of this subscale were lower in
the FBWM-NASA-TLX questionnaire, which is due to the
different way of rating in the first part and weighting in the
second part, and the final calculations of the questionnaire.

Furthermore, in pair-wise comparison, one has to select an option
and he cannot express the same importance and equality between
the two variables, which leads to unwanted option to receive

Table 3: Comparison of total scores of subscales
between NASA-task load index and fuzzy best-worst
method-NASA-task load index among N-Back levels

N-Back Subscales Mean (SD) P*
levels NASA-TLX  FBWM-NASA-TLX
Level 1  Mental 11.23 (6.60) 9.98 (6.16) 0.455
demand
Performance  12.54 (7.18) 12.36 (6.59) 0918
Effort 7.05 (4.32) 6.63 (4.31) 0.706
Frustration 3.56 (5.42) 4.11 (6.51) 0.727
Temporal 11.42 (9.36) 9.74 (7.58) 0.444
demand
Physical 0.38 (0.65) 0.71 (0.81) 0.082
demand
Total 46.20 (16.00) 43.55(17.51) 0.543
Level2  Mental 16.16 (7.42) 14.04 (6.99) 0.258
demand
Performance 9.39 (5.95) 8.39 (4.93) 0.485
Effort 9.16 (5.57) 8.45 (4.48) 0.588
Frustration 6.78 (8.34) 5.55(5.16) 0.494
Temporal 13.58 (9.39) 12.35 (8.09) 0.588
demand
Physical 0.32 (0.73) 1.41 (2.37) 0.019*
demand
Total 55.42 (14.65) 50.21 (14.30) 0.169
Level 3  Mental 22.64 (8.15) 18.09 (6.39) 0.019*
demand
Performance 8.70 (7.41) 7.96 (6.72) 0.687
Effort 10.83 (5.64) 10.02 (4.61) 0.544
Frustration 8.96 (9.29) 7.93 (6.79) 0.626
Temporal 13.30 (10.56) 13.60 (9.50) 0.909
demand
Physical 0.61 (1.57) 1.81 (2.10) 0.015*
demand
Total 65.06 (18.54) 59.42 (19.92) 0.262

*Independent #-test, **Statistically significant. SD: Standard deviation,
FBWM: Fuzzy best-worst method, TLX: Task load index, NASA: National
Aeronautics and Space Administration
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Table 4: The scores of subscales and total scores in
NASA-task load index questionnaire by the different
levels of the N-Back test

Subscales N-Back levels, mean (SD) P*
Level 1 Level 2 Level 3

Mental 11.23(6.60) 1617 (7.42)  22.64 (8.15)  <0.001%**

demand

Performance  12.54 (7.18)  9.39 (5.96) 8.70 (7.42) 0.075

Effort 7.05 (4.31) 9.17(5.57)  10.83(5.64)  0.023%**

Frustration 3.57 (5.42) 6.79 (8.34) 8.97(9.29)  0.032%*

Temporal 11.42(9.24)  13.59(9.39) 13.30(10.57)  0.648

demand

Physical 0.38 (0.65)  0.32(0.73)  0.61 (1.57) 0.543

demand

Total 46.20 (15.99) 55.42 (14.65) 65.06 (18.54) <0.001**

*Independent #-test, **Statistically significant. SD: Standard deviation

Table 5: The scores of subscales and total scores
in fuzzy best-worst method-NASA-task load index
questionnaire by the different levels of the N-Back test

Subscales N-Back levels, mean (SD) P*
Level 1 Level 2 Level 3

Mental 9.99 (6.19)  14.03(6.99)  18.09 (6.39)  <0.001%*

demand

Performance  12.36 (6.59)  8.39 (4.93) 7.96(6.72)  0.012%*

Effort 6.36 (4.31) 8.45(4.48)  10.02(4.61)  0.016%*

Frustration 4.10 (6.51) 5.55(5.16) 7.93 (6.79) 0.059

Temporal 9.74 (5.58)  12.35(8.09)  13.60 (9.50) 0.201

demand

Physical 0.72 (0.82) 1.41 (2.37) 1.81 (2.11) 0.080

demand

Total 43.55(17.51) 50.21 (14.30) 59.42 (19.92)  0.003%*

*Independent ¢ test, **Statistically significant. SD: Standard deviation

more scores than other options.?”! Hence, using a method, in
which the significance of the two variables would be determined
and assigned the same importance to the two subscales, the final
score obtained for the higher option is more realistic and will be
lower than the pair-wise choice.? Considering the problems and
limitations of the NASA-TLX questionnaire (numerical visual
rating scale and no fuzzy and two by two selection), as can be
seen, the present study changed the calculations and also the
way to choose subscales in comparison with the conventional
version, different results were obtained, representing that the new
tool is more powerful and more realistic. This is also consistent
with the study of Amady et a/. who used the fuzzy logic in the
NASA-TLX questionnaire.!®!

As mentioned, the task performed in this study was completely
mental and had a low physical load, and the task requested
in the present study was performed in sitting form; hence,
it was expected that this subscale to have the lowest value.
The expected results were obtained in both questionnaires.
Physical load in ergonomics had the intensity and its absence
was meaningless, and the concept of “low physical load” is

always discussed in sitting works, and each sitting task also
causes some physical load.?"!

With regard to the main problem of the second part of the
NASA-TLX questionnaire, in most cases, participants did not
choose the physical demand, and the weight of this subscale in
the second part was considered as 0. Ultimately, the mean score
of this subscale will be <1 and it significantly differs from the
reality and the way of decision-making. In the weighing section
of the FBWM-NASA-TLX questionnaire, the participant
determines the weight of each subscale by expressing the
importance of the weight of each subscale, leading one to
identify and apply even the least intensity.

CoNCLUSIONS

The present study considered the problems and limitations of
the NASA-TLX questionnaire; hence, the FBWM-NASA-TLX
questionnaire was designed and evaluated. The results showed
that the FBWM-NASA-TLX questionnaire, used for estimating
scores and making was more realistic about the workload in the
task under study. The NASA-TLX questionnaire was designed
to be easy to apply, but, because of aforementioned problems,
it is necessary to be redesign.

Limitations

Our work clearly has some limitations. The most important one
lies in the fact that lack of examination of this questionnaire in
an actual job task, and also lack of evaluation using objective
methods such as EEG and ERP: event-related potential due
to insufficient financial support. One other limitation of this
study was the type of task under consideration, which merely
examines the mental load and has a very low physical load
that cannot be studied by the combined effect of physical and
mental load. Considering the reasons for the study’s limitations,
it might be suggested that field studies be conducted in the
future to better assess the current methodology and compare
it with other methods, such as SWOT: Strengths, Weaknesses,
Opportunities, and Threats.
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