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Arastirma Makalesi

NASA TLX ve SMAA-2 Temelinde Entegre Bir
Zihinsel Is Yiikii Degerlendirme Yaklasim:: Bir
Ornek Olay Calismasi

Oz

Zihinsel is yiikii (ZIY), 6zellikle karmagik sistemlerdeki
calisan performansini etkileyen énemli bir ergonomik
faktor olarak uzun zamandan beri dikkate alinmaktadir.
ZIY arastirmalart genellikle, alti farkli ZIY kriterinin
agirlikli toplamini iceren ve klasik bir ZIY degerlendirme
yaklasimi olan Ulusal Havacilik ve Uzay Dairesi Is Yiikii
Indeksi (NASA-TLX) yonteminin farkli uygulamalarina
odaklanmigtir. Bununla birlikte, karar verici (KV) olarak
calisanlar tercihlerini, ZIY boyutlarina ait agirliklarin ve
puanlarin belirlenmesi icin uygulanan skaladaki kesin
degerleri kullanarak belirtemeyebilir veya belirtmek
istemeyebilirler. Bu tiir belirsizlik iceren bilgiler, etkin bir
karar destek araci olan Stokastik Cok Kriterli Kabul
Edilebilirlik Analizi-2 (SMAA-2) kullanilarak stokastik bir
sekilde modellenebilir. Bu kapsamda ¢alismada, ZIY’nii
analiz edebilmek igcin NASA TLX ve SMAA-2 temelinde
entegre bir yaklagim énerilmektedir. Onerilen yaklasima
iliskin gercek hayat uygulamasi ise kutu harf imalat
prosesinde gergeklestirilmistir. Bu uygulamada, ii¢ farkli
problem senaryosu icin NASA-TLX&SMAA-2 ydntemi
kullamilarak alt prosesler ZIY acisindan siralanmuistir. Séz
konusu li¢ problem senaryosunda da siralama sonuglari
ayni ¢ikmistir. Bu ¢alisma sonucunda, NASA-TLX&SMAA-
2 yaklasiminin NASA-TLX metoduna gére daha agik ve
belirgin sonuglar sagladigi belirlenmigtir.

Anahtar Kelimeler: Zihinsel is yiikii, NASA- TLX, SMAA-
2, belirsiz bilgi
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An Integrated Mental Workload Assessment
Approach Based on NASA-TLX and SMAA-2: A Case
Study

Abstract

Mental workload (MWL) has been considered as an
important ergonomic factor for a long time influencing
worker performance within complex systems. MWL
research generally tend to focus on different applications
of the National Aeronautics and Space Administration-
Task Load index (NASA-TLX) method, which is a classical
tool for MWL assessment based on weighted sum of
ratings of six different MWL criteria. However, workers as
decision makers (DMs) cannot or do not want to specify
their preferences with the exact values due to the scale
implemented in determining MWL dimensions’ weights
and their ratings. These uncertain data can be modeled in
a stochastic manner by using the Stochastic Multi-Criteria
Acceptability Analysis-2 (SMAA-2) which is an effective
decision support tool. In this context, an integrated
approach based on NASA-TLX and SMAA-2 for MWL
assessment is proposed in the study. A real life application
of the proposed approach is conducted in the box letter
manufacturing process. In this application, three problem
scenarios are discussed by using NASA-TLX&SMAA-2 to
rank six sub processes respect to MWL levels. Rankings
obtained from the NASA-TLX&SMAA-2 method for three
scenarios are the same. This paper found that the NASA-
TLX&SMAA-2 approach provides more precise and
distinctive results compared to the NASA-TLX method.

Keywords: Mental workload, NASA-TLX, SMAA-2,
imprecise data.

1. Introduction

Sorumlu Yazar; Tel: 0. 442.231 00 00 / 6009

There is a tendency to examine mental workload
(MWL). In particular, control and audit activities of
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workers have become more important in accordance
with the development of new technologies (Giilkag,
2013). Consequently, it becomes obligatory to evaluate
MWL as much as physical workload in the studies. The
MWL is particularly important in the research and
development of human-machine interfaces in order to
achieve the desired levels of satisfaction, comfort, safety
and efficiency in the workplace that are the main targets
of ergonomics (Rubio et al., 2004). MWL is one of the
most commonly used concepts in the research and
practice of ergonomics (Parasuraman, and Hancock,
2001; Flemisch, and Onken, 2002; Loft et al., 2007;
Vidulich, and Tsang, 2007; Wickens, 2008; Mouzé-
Amady et al., 2013; Young et al,, 2015).

Although there are several different methods used to
evaluate MWL, NASA-TLX is widely employed in the
field. This classical tool for MWL assessment provides an
overall workload score based on a weighted sum of
ratings from six subscales including mental demand,
physical demand, temporal demand, performance level,
effort level, and frustration level. In addition,
evaluations made using this method can be biased or
misleading due to the participant’s psychological state,
readiness level, and awareness of the overall knowledge
require for the method. In the NASA-TLX application, the
ratings cannot be assigned precisely by workers as
decision makers (DMs) due to the structures of these
subscales. However, each rating is weighted by its own
coefficient obtained from the pairwise weighting
technique (PWT), that is complex and time consuming.
It raises some methodological and practical problems,
especially in real life applications. Therefore, obtaining
correct overall workloads is a problematic issue in the
NASA-TLX method. On the other hand, the MWL
assessment is a Multi Criteria Decision Making (MCDM)
problem as it requires the consideration of multiple
criteria and alternative solutions. Moreover, the
presence of multiple DMs leads to variety in evaluations.
Due to these uncertainties, MWL assessment is
discussed as a stochastic MCDM problem in this study.
An integrated approach based on NASA-TLX and
Stochastic Multi Criteria Acceptability Analysis-2
(SMAA-2) method is suggested to determine the MWL.
The SMAA-2 method is an effective decision support tool
that allows us to solve MCDM problems with stochastic
data for cases where there are uncertain, invalid or
missing information (weights, parameter values e.g.).

The proposed NASA-TLX&SMAA-2 approach is used in
the box letter manufacturing process in Turkey. This
manufacturing field is one of the big sectors where MWL
effects workers. As the main focus of the workers is
related to the formation of systems and technologies, it
requires more mental performance compared to
physical performance. For instance, the main purpose of
box letter manufacturing is to produce different kinds of
letters for different famous brands such as automotive
brands.

Workers in this manufacturing process must make
correct decisions to situate the box letter on suitable
place of product or he may cause a hole or a mark on
product. On the other hand, the performance of other
process of the manufacturing is equally important since
it also directly or indirectly impacts product quality. If
the box letter is assembled or pasted on a wrong place,
this part of product cannot be used and it is called as
waste. In this context, MWL assessment should be
performed for this manufacturing process.

This study contributes to the related literature in two
main ways. First of all, it combines NASA-TLX with
SMAA-2 for the first time and discusses the MWL as a
stochastic MCDM problem. Secondly, up to best
knowledges, the MWL for box letter manufacturing
process has not been addressed using MCDM methods
in the literature so far.

The paper is organized as follows; in the second section,
literature review is presented. The NASA-TLX and
SMAA-2 methods are explained in the third section. The
theoretical problems of NASA-TLX and the proposed
NASA-TLX&SMAA-2 approach are introduced in the
fourth section. In the fifth section, a case study is
presented while comparative analysis is given in the
sixth section. Conclusion and discussions are presented
in the seventh section.

2. Literature Review

NASA TLX Method has been used to determine the MWL
in various sectors. Lee and Liu (2003) measured the
MWL of the pilots during the flight using physiological
and multi-dimensional  subjective  parameters.
Matthews et al. (2003) analyzed the cumulative MWL
imposed by three different types of cellular phones on
drivers using NASA TLX. NASA TLX has been used to
determine MWL in the treatment and surgical methods
in medicine sector (Stefanidis, et al., 2010; Zhen et al,,
2012; Mazur et al.,, 2013; Durantin et al.,, 2014; Ruiz-
Rabelo et al., 2015; Colligan et al, 2015). Relation
between the MWL and task complexity degrees of fast
train conductors were studied by Park et al. (2009).
Filtness and Rudin-Brown (2012) used NASA TLX for
the assessment of driving performance, Kuehn et al.
(2013) examined MWL arising from utilization of touch
screens from frontal and parallel positions, for motor
control disorder people. Akyeampong et al. (2014)
evaluated MWL emerged in newly proposed Human-
Machine Interface (HMI) design concepts for improving
the ergonomics of hydraulic excavators with NASA TLX.

Additionally, SMAA-2 was performed in the different
application fields by different researchers (Hokkanen et
al,, 2000; Lahdelma, and Salminen, 2001; Lahdelma, and
Salminen, 2002; Kangas et al., 2003; Kangas et al., 2005;
Kangas et al, 2006; Lahdelma, and Salminen, 2006;
Tervonen et al.,, 2008; Lahdelma et al., 2009; Tervonen
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et al,, 2009; Tervonen et al,, 2011; Aertsen et al.,, 2011;
Sporcic et al,, 2011; Tervonen, 2012; Kadzinski, and
Tervonen, 2013; Angilella et al,, 2015). Song et al. (2017)
aimed to to measure national energy performance by
implementin SMAA-2 employing employ the
preferences among energy trilemma. Zhu et al. (2017)
used SMAA-2 to select reservoir flood control operation.
Zhou et al. (2017) utilized extended gray numbers,
integrated with discrete gray numbers and interval gray
numbers are used to express the uncertainty of
stochastic MCDM problems. SMAA-2 and ELECTRE III
are combined to solve stochastic MCDM problems with
uncertain weight information. First, the outranking
relations on interval gray numbers and interval gray
numbers are defined. Then, a SMAA-ELECTRE model for
dealing with gray stochastic MCDM problems is
constructed. Aydogan and Ozmen (2017) proposed a
new method based on SMAA-VIKOR, was proposed for
stochastic multi-criteria decision making (MCDM)
problems and the effectiveness of the method was
shown by comparing literature data and a case
study. Angilella et al. (2017) proposed SMAA-Choquet
integration to compare the performances of different
sailboats in regattas. Akgiil et al. (2017) carried out
SMAA-MOORA to determine the optimum nozzle
pressure and delivery speed of Murata Vortex Spinner
(MVS) machine for cotton yarn.

The aims of SMAA-2 implementation in the studies
mentioned above are to identify the priorities of
alternatives in terms of criteria and to determine impact
levels of criteria on the selection of alternatives in
different ranks and to obtain the rankings of alternatives
according to the probability information (Lahdelma and
Salminen, 2001). However, decision problems in real
life, have a stochastic nature as; preference information
obtained from DMs and criteria values are not precise,
complete and correct, preference of more than one DMs
lead to variety in evaluation (Lahdelma and Salminen
2001; Lahdelma and Salminen 2009). SMAA-2 method is
able to implement with this kinds of information. It is
able to provide the most probable preference ranking of
alternatives and give the most preferred alternative, as
it has a flexible structure.

As seen from the literature, NASA TLX was only used for
MWL analysis of different populations and different
work areas. It has not been advanced in terms of its
application procedure. However, it has various
shortcomings related to implementation in real life
(Mouzé-Amady et al., 2013). Additionally, SMAA-2 was
also used for different decision areas successfully. It has
not been used for MWL analysis. However, it can provide
various benefits for overcoming the shortcomings of
NASA TLX. SMAA-2 can help managers to understand
the differences between processes in terms of MWL and
it can present the impact of each MWL sub scales on
MWL. In this way, managers can identify easily sub
scale/scales that should be improved based on

probabilities and impacts data.

3. Methods
3.1. NASA TLX

NASA-TLX is one of the most commonly used
instruments for assessing MWL (Hart and Staveland,
1988). Since its presentation in 1988, it has been tested
many times and frequently used in human performance
studies and also considered to be a reliable measure of
MWL (Jorgensen and Garde; 1999; Moroney et al,
1995). It has been translated into many languages,
administered verbally, and modified in various ways. It
has also been evaluated many times in terms of
reliability, sensitivity, utility, and assessed and
compared to other methods of measuring workload.
Additionally, NASA-TLX is stated to be more reliable
than two other well-known workload evaluation
methods which are Subjective Workload Assessment
Technique (SWAT) and Workload Profile (WP) method
(Rubio etal., 2004).

The NASA-TLX is a multi-dimensional rating procedure
that provides an overall workload score based on a
weighted average of rating on six subscales as shown in
Table 1 (NASA Ames Research Center, 2018.) First three
subscales (mental demand, physical demand, and
temporal demand) show the expectations of workers
from the work. Other subscales (performance, effort,
frustration) are self-evaluations of workers. These six
subscales are formed criteria in SMAA-2. NASA-TLX
evaluates the general workload at three steps. First step
is the rating step where participants are asked to rate
the effect of six sub-criteria on a scale from "very low" to
"very high". After this, values based on points between
0-100 are obtained. The second step is the weighting
step, in which participants are asked 15 pairwise
comparisons to identify which criterion among the six is
the most significant with regard to the work’s nature
and load. After the responses are obtained, responses
are subjected to PWT, which reveals the importance
weight of each criterion. In the third step, values found
from the first two steps combined into a single Task
Load Index (TLX) using Eq. (1). (Rubio et al., 2004;
Mouzé-Amady et al.,, 2013):

TLX = %Il S;W; (1)
where,

S; indicates rating of ith criterion, (i =
MD,PD,TD,PL,EL,FL), W; denotes the weight of the ith
criterion. W; is computed as in Eq.(2).

_ _Ji
Wl _Zli\l:lfi (2)

Where,
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f; presents the frequency of ith criterion providing that
N
i=1f‘i = 15

Table 1. Rating Scale Definitions and Endpoints of
The NASA-TLX

Factors Endpoints Definitions

How much mental and
perceptual activity = was
required (e.g.  thinking,
deciding, calculating,

Low/High remembering, looking,
searching, etc)? Was the task
easy or demanding, simple or
complex, exacting or
forgiving?

Mental
Demand (MD)

How much physical activity
was required (e.g. pushing,
pulling, turning, controlling,

Low/High activating, etc)? Was the task
easy or demanding, slow or
brisk, slack or strenuous,
restful or laborious?

Physical
Demand (PD)

How much time pressure did
you feel due to the rate of
pace at which the tasks or
task elements occurred? Was
the pace slow and leisurely or
rapid and frantic?

Temporal

Demand (TD) Low/High

How successful do you think
you were in accomplishing
the goals of the task set by the

Perfc();raance Good/Poor experimenter (or yourself)?
How satisfied were you with
your performance in
accomplishing these goals?
How hard did you have to

Effort (EL) Low/High ~ Work  (mentally  and

physically) to accomplish
your level of performance?

How insecure, discouraged,
irritated, stressed and
Frustration . annoyed versus  secure
Low/High - ;
(FL) ow/Hig gratified, content, relaxed
and complacent did you feel

during the task?

3.2. Stochastic multi-criteria acceptability analysis
SMAA-2

SMAA-2 is suggested by Lahdelma and Salminen
(Lahdelma and Salminen, 2001). SMAA-2 is a multi-
criteria decision support technique for problems
including imprecise, uncertain information. Hence, it is
suitable for the situations where criteria measurements
and weights are not precisely known which is common
especially in ranking and choosing problems. The
inverse weight space analysis is applied in SMAA-2 to
evaluate the ranking possibility of the alternatives.

The decision problem in SMAA-2 consists of “m”
alternative sets {x;,x,,X3,...X;, } evaluated in terms of “n”

criteria as {g192, 93, --,9n}- gj(x;) represents the
evaluation of x; alternative according to g; criterion. The
preference of DM is stated by real-valued utility function
“u(x;,w)”. Uncertain or imprecise criteria are
represented by the combined probability distributed
intensity function “f (£)”and the density function “¢;;” in
the space X € R™". Similarly, the DM’s unknown or
partially known preferences are expressed by a weight
distribution with joint density function f(w) in the
feasible weight space W. Total lack of preference
information is shown by a uniform weight distribution
inW,i.e. f(w) = 1/vol(W). The feasible weight space is
defined in Eq.(3). Note that the weights are normalized
and have non-negative values.

W={weR'w=0and ¥}, w; =1} (3)

The utility functions are used to map stochastic criteria
and weight distributions u(¢;, w) into utilities. Based on
value distributions, the ranking of each alternative is
stated as an integer from the best (1) to the worst (m)
by using the ranking function given in Eq. (4).

rank (l! E! W) =1+ Z?:l P(U(Ek: W) > u(zii W)) (4)

Here, p(true) = 1andp (false) = 0.Then, SMAA-2is
based on analyzing the stochastic sets of appropriate
rank weights as shown in Eq.(5) (Lahdelma and
Salminen, 2001).

W/ (®)={w € W:rank(i,§,w) =r} (5)

Weight w € W/ (§) represents the values of alternative
x; having rank 7.

Additionally, the SMAA-2 introduces three measures for
each alternative i and rank r as the rank acceptability
index (RankAcc), the central weight vector (CW) and
the confidence factor (CF). The RankAcc b{ shows the
possibility of alternative x; to be in rank r. Alternatives
which have the highest acceptability for the best ranks
are considered as the best alternatives. RankAcc takes
values in [0,1]. The "0" value shows that the alternative
will never provide the given rank while value "1" shows
that the given rank will always be provided by the
alternative whatever its weight is. With the multi-
dimensional integral operations made on the
distribution of criteria and appropriate rank weights,
RankAcc index is calculated as follows:
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bl‘.r = fWEWLr(E) fw(w)deEr (6)

The second measure is CW provided by SMAA-2. It is
defined for each alternative and it shows the rank
preferences probability of each alternative. The CW
represents the DM’s typical preferences for the
alternative. CW factors also determine the probability of
the alternative to be chosen by the decision makers.
These probabilities are calculated by the help of a multi-
dimensional integral of the criteria and weight
distributions as illustrated in Eq.(7).

WE = S S fyeuy oo manaya @

The last descriptive measure of SMAA-2 is the CF. This
factor is defined as the probability of an alternative to
achieve the first rank provided that the CW is chosen.
CF states the reliability of an alternative while being
available in its rank. It is described as in Eq. (8).

P = Jirer m & € Xiu(gwi) = u(g wi) f(§)dg (8)

.....

Multi-dimensional integrals presented in SMAA-2
formulations can be calculated by numerical techniques
such as Monte Carlo Simulation. In order to facilitate the
modeling of decision problems with SMAA-2, [SMAA
program, which is available in the open source as JSMAA
1.0.3 is used in this study (Tervonen, 2012).

4. Methodological and Practical Problems in NASA-
TLX and The Proposed NASA-TLX&SMAA-2
Approach

NASA-TLX depends on the participant's perception,
which may be affected by external factors. For example,
the analyst might not explain the methods properly to
participants. Similarly, the instant psychological states
of the participants might mislead the results since they
are overloaded or their level of stress is high at the time
of NASA-TLX application. Factors such as a bad social life
or low levels of harmony between the company and
participants may lead to inaccurate results in the study.
Moreover, two problems are encountered in the NASA-
TLX method. One of them occurs in the process of
obtaining a score value between 1 and 100 after the
participants mark the effect of six criteria on a scale
from “very low” to “very high” in the first part. Difficulty
arises from the scale having a very wide range between
‘very low’ and ‘very high’ and not having intervals in
between them. They may not be sure which exact point
corresponds their mark. Weighting of the six criteria
poses another problem. As they indicate the importance

rates of criteria with regard to nature and load of work,
the participants compare the six criteria to each other.
PWT is used that can easily be calculated but this raises
some methodological and practical problems, especially
in real work environments (Mouzé-Amady et al., 2013).
Consequently, it is quite difficult to identify the
importance of all criteria between each other. This study
aims to eliminate the above mentioned problems
related to the traditional NASA-TLX implementation by
means of the SMAA-2 method, which allows definition of
criteria values and weights in the form of interval,
distribution, or data loss, and to lower the negative
effects of external factors. In MCDM problems, in some
situations, the DMs may not prefer to express their
preferences explicitly or implicitly. In addition, the
performance values of alternatives for criteria may be
imprecise, uncertain. For these reasons, exact
parameter values and weights cannot be obtained.
SMAA-2 can be applied to decision making in these

situations.

5. An Application for Box Letter Manufacturing
Process

The proposed MWL assessment approach is utilized in
box letter manufacturing process in an advertisement
company. The box letter manufacturing process
involves the installation of emblems, especially with the
use of materials determined by the companies on
vehicles of major automotive companies. The emblems
are brand logos and the box letters are attached or glued
to different locations of vehicles such as the steering
wheel, the bonnet or the luggage compartment.
Accordingly, the presence of any fault in the attachment
or glue processes leads to deformation and a bad
appearance in the relevant part of the vehicle. For this
reason, it is necessary to fit the logo exactly and to fit it
without any positional deviation. All this process
requires high attention. In this context, this process has
a characteristic that MWL can affect workers.

This manufacturing process is completed with six
different sub processes. Each sub process is
implemented by two workers and there are six sub
processes in the box letter manufacturing process. MWL
of the 12 workers in these six sub processes are
evaluated and compared in the context of the study. All
workers are graduated from vocational high school.
Workers working in the first sub-process are 38 and 42
years old, workers in the second sub-process are 27 and
42 years old, workers in the third sub-process are 33
and 35 years old, workers in the fourth sub-process are
41 and 45 years old, workers in the sixth sub-process
are 46 and 40 years old.

At first, a decision maker team (DMT) is created from all
workers in six sub processes as Plywood Cutting (PC),
Chrome Lettering (CL), Plywood Varnish (PV), Plywood
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Chamfering (PCh), Acrylic Cutting (AC) and Plywood
Emery (PE). These sub processes are formed
alternatives evaluated in terms of MWL in this study and
six sub scales of NASA TLX are formed criteria. Later on,
DMT determines the weights of NASA TLX’s six sub
scales as criteria weights by using Eq.(2). At the same
time, workload level of each process varies between [0-
100] is determined by workers considered each sub
scale’s rating.

In this study, the NASA TLX scale was applied to the all
workers at end of the working day. The survey was given
as a written document to the participants after the
important points were explained to them in a face to face
manner. The survey was distributed to the participants
at the same time around 05.00 pm at the end of the
working day. The participants were asked to leave their
forms in the boxes located in predetermined areas in
order to maintain anonymity. Criteria weights are
shown in Table 2 and MWL levels for six sub processes
are presented in Table 3.

Table 2. Criteria Weights (w;)

Normalize | Wwmp Wep Wrp WeL WEL Wk

Weights 0.222 | 0.233 | 0.200 | 0.156 | 0.089 | 0.100

As shown in Table 2, the most important criterion is
obtained as physical demand (0.233) of processes.

Table 3. Ratings of subscales for Each Sub Process
(S;) Between [0-100]

Process MD PD TD PL EL FL
PC 95 50 85 90 95 70
CL 95 65 90 80 90 70
PV 70 60 90 80 90 85
PCh 65 90 65 85 75 85
AC 65 85 75 90 80 80
PE 60 85 60 70 80 70

According to Table 3, in terms of work done in PC
process, workers were having most difficulty in terms of
the MD and effort level that the work required. Similarly,
workers were having most difficulty in terms of the MD
in CL process. In PV process, workers perceived the
most strain in terms of TD and required effort level of
process. Workers in the PCh process have the most
difficulty in terms of PD criterion. In AC process,
workers feel strain about PL criterion. In PE process, it
is determined that the work done in this process has
difficulty for PD criterion.

In this study, three problem scenarios (S;, S,, S3) are
discussed by using NASA-TLX&SMAA-2 to rank six sub

processes respect to MWL levels.

In the first scenario (S,), criteria importance weights
are not taken into consideration. In the present study, it
was assumed that NASA-TLX criteria weights cannot be
determined by DMT, so, in the SMAA-2 method, criteria
weights were obtained by taking equal values to
produce solutions. Six sub processes were ranked using
only alternative values depicted in Table 3. These
alternative values are crisp values for each criteria and
for each sub process obtained from workers. RankAccs
values of rankings for six sub processes are shown in
Table 4.

Table 4. Ranking of Processes For S,

Process Rank1l Rank2 Rank3 Rank4 Rank5 Rank6

PC 0.21 0.36 0.11 0.09 0.16 0.06
CL 0.44 0.23 0.15 0.18 0.00 0.00
13% 0.00 0.01 0.09 0.13 0.29 0.48
PCh 0.11 0.13 0.10 0.22 0.35 0.08
AC 0.19 0.22 0.35 0.24 0.00 0.00
PE 0.05 0.05 0.20 0.14 0.19 0.37

According to RankAcc values given in Table 4, it was
identified that CL is at the first rank with 44%
probabilities for MWL. Likewise, it is identified that PC
process is at the first rank with 21% probabilities in
terms of MWL. PC process is at the second rank with
36% probabilities whereas AC unit at the third with
35%, PE at the fourth with %14, PCh at the fifth with
35%, and finally the PV at the sixth with 48%. According
to RankAccs, the PV process has 0% probability to be at
first rank. This means that, this process does not have
higher MWL compared to other sub processes. For this
reason, the improvements in terms of MWL are never
implemented in this sub process firstly.CF and CW
values for each sub process are presented in Table 5.

Table 5. CW and CF Values for Ranking of Sub
Processes in S,
Process CF MD PD TD PF EF FL

PC 1.0 020 0.07 014 031 009 0.19
CL 1.0 021 014 023 008 014 0.19
14% 1.0 NA NA NA NA NA NA
PCh 1.0 011 028 0.08 010 036 0.07
AC 1.0 0.07 024 014 027 018 0.10
PE 1.0 006 025 006 006 024 033

It can be seen from Table 5 that CF values are the same.
These values had taken value as 1.00 for all sub
processes. For example, the confidence level of CL
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process to be preferred by DM at the first rank with 44%
probabilities is 100%. This shows that the reliability of
the CL process being at the first rank is 100% in terms
of MWL.

For example, criteria that have the highest and lowest
impactlevels for CL in terms of being at first rank are TD
(23%) and PF (8%) respectively. Additionally, PV was
not selected as the first in terms of MWL. For this reason,
CW vectors for this process were not calculated. NA (Not
applicable) implies this situation.

In the second scenario, points of each MWL criterion is
assigned to alternatives as interval values. In the
determination of interval values, the values shown in
Table 3 were used considering NASA TLX traditional
scale. This scale was created between very high and very
low with five point increments. For this reason, it is
predicted that the values given in Table 3 may change at
+5 when the interval values are generated. This gives
flexibility for determining MWL. RankAccs values of sub
processes are presented in Table 6.

Table 6. Ranking of Sub Processes for S,

Process Rank1 Rank2  Rank3 Rank4  Rank5 Rank 6

PC 0.07 0.63 0.28 0.02 0.00 0.00
CL 0.91 0.08 0.01 0.00 0.00 0.00
PV 0.00 0.00 0.00 0.09 0.75 0.16
PCh 0.00 0.01 0.11 0.78 0.09 0.00
AC 0.02 0.28 0.60 0.10 0.00 0.00
PE 0.00 0.00 0.00 0.01 0.16 0.83

According to RankAccs values given in Table 6, it is
identified that CL is the first candidate to be chosen to
reduce the workload with 91% probabilities. However,
it was determined that the PV, PCh, PE processes which
had the RankAcc values as 0.00 % have never selected
for the first rank. On the other hand, PC is at the second
rank with 63% probabilities. AC is at the third rank with
60% probabilities. PCh is at the fourth order with 78%
probabilities. PV is at the fifth with 75% probabilities,
and finally the PE is at the sixth order with 83%
probabilities. After the processes are ranked according
to their workloads, their ranks were interpreted with
CW and CF values presented in Table 7.

Table 7. CW and CF Values for Ranking of Sub
Processesin S,

Process CF MD PD TD PF EF FL

PC 0.07  0.22 023 020 016 0.09 0.10
CL 091 0.22 023 020 016 0.09 0.10
13% 1.00 NA NA NA NA NA NA
PCh 1.00 NA NA NA NA NA NA
AC 0.02  0.22 023 020 016 0.09 0.10
PE 1.00 NA NA NA NA NA NA

As can be seen from the CF values in Table 7, the CL is
preferred at the first rank with 91% confidence level,
while PC is preferred at the second rank with 7%
confidence level and AC is preferred at the third rank
with 2% confidence level. PV, PCh and PE sub processes
have 0.00 probability for preference at the first rank with
100 % confidence level. Besides, as there is 0.00 probability
of these processes for being at the first rank, the CW values
of them were not calculated and shown as NA. Finally, as
can be seen in Table 7, the most important criteria in the
ranking of process in terms of MWL are PD and MD
because of having the highest CW values. This is an
expected situation which reflects the truth.

In the third scenario, six sub processes are ranked
according to MWL levels combining §; and S,. Here,
criteria importance weights are not taken into
consideration. In this scenario, equal importance
weights and interval values of alternatives are used.
RankAccs values for §3 are shown in Table 8.

Table 8. Rankings of sub processes for S;

Alt Rank1 Rank2 Rank3 Rank4 Rank5 Rank6
PC 0.20 0.32 0.11 0.11 0.16 0.10
CL 0.43 0.24 0.15 0.16 0.02 0.00
PV 0.01 0.03 0.11 0.15 0.30 0.41

PCh 0.13 0.14 0.14 0.21 0.29 0.09
AC 0.19 0.22 0.32 0.22 0.05 0.00
PE 0.04 0.06 0.17 0.15 0.19 0.39

According to RankAcc values given in Table 8, it can be
seen that CL process should be considered at the first
rank with 43% probabilities whereas PC process at the
first rank with 20% probabilities. On the other hand, PC
is at the second rank with 32% probabilities, AC is at the
third rank with 32% probabilities, PCh is at the fourth
rank with 21% probabilities, PE is at the fifth rank with
19% probabilities, and finally the PV department is at
the sixth rank with 41% probabilities. CW and CF values
are given in Table 9.
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Table 9. CF and CW Values For Ranking of Sub
Processes in S;

Alt CF MD PD TD PF EF FL

PC 0.67 0.21 0.08 0.15 0.27 0.09 0.20
CL 0.92 0.21 0.14 0.22 0.11 0.14 0.19
PV 0.14 0.04 0.09 0.54 0.12 0.16 0.06
PCh 0.59 0.11 0.27 0.09 0.15 0.30 0.08
AC 0.75 0.09 0.23 0.13 0.24 0.20 0.11
PE 0.64 0.07 0.23 0.07 0.06 0.23 0.34

According to CF values in Table 9, it is seen that
confidence level of being at the first rank of CL is 92%
and CL of being at the first rank of PV is 14%. On the
other hand, respect to CW values, MD and TD criteria,
with their 21% and 22% impact values, are the most
significant criteria for CL process in terms of being at the
first rank for MWL.

6. Comperative Analysis

In this section, the rankings obtained from NASA-TLX
and NASA-TLX&SMAA-2 methods are compared. The
MWL was determined according to Eq.(1) by using
Table 2 and 3. Rankings for six sub processes obtained
from NASA-TLX method are depicted in Table 10 by
using NASA TLX 1.0.0.1 software.

Table 10. NASA-TLX Results
MD PD TD PF EF FL TLX

PC 38 6.6 17 12 6.3 4.6 84.6
CL 31.6 8.6 18 16 6 4.6 85
PV 8.6 30 8.6 17 10 5.6 79.3
PCh 8 28.3 8 9.2 10.6 9.3 80
AC 13 22.6 15 12 5.3 10.6 78.6
PE 9.3 12 30 10.6 6 11.3 73.6

As shown in Table 10, according to NASA TLX results,
although the MWL of the sub processes are close to each
other, it is possible to determine which process has
more workload. NASA-TLX&SMAA-2 can be used
effectively to measure workload as it provides DMs with
information as to which alternatives are selectable and
to what extent, rather than presenting them with the
best alternative among others.

Comparison of rankings obtained by NASA-TLX&SMAA-
2 method for three different scenarios and NASA TLX
are shown in the Table 11.

Table 11. NASA TLX&SMAA Ranking Results

Rankings NASA-TLX&SMAA-2 NASA-TLX
S Sz Ss
1 CL CL CL CL
2 PC PC PC PC
3 AC AC AC PCh
4 PE PCh  PCh PV
5 PCh 3% PE AC
6 PV PE PV PE

As seen in Table 11, rankings obtained from the NASA-
TLX&SMAA-2 method for three scenarios are the same.
The CL process is found to be the first department
required to reduce workload levels in all rankings. This
is because the CL process purports to be the primary
station for box letter manufacturing process. In addition,
the PC process is ranked as second in all scenarios. It is
an expected result according to DMT. In CL process,
letter is covered by chrome and this covering should be
performed carefully. Smoothness of the material surface
is ensured by proper coating. Additionally, in PC
process, it is necessary to cut the letters in the
appropriate shape and size. This sub process also needs
to pay attention. Actually, workers are struggling much
more in terms of MWL in these two sub processes.

Because of using RankAccs, CW and CF arguments in
NASA TLX&SMAA-2 approach, the obtained ranking
results are more realistic and accurate. The reliability of
rankings can be debated in NASA TLX&SMAA-2. The
impact of each criterion for sub process rankings can be
seen. Finally, NASA TLX&SMAA-2 provides flexibility for
manager to establish different action plans to reduce
MWL. The proposed approach provides flexibility
because it determines which sub-process needs to be
improved primarily in terms of MWL, taking into
account the probability values. Managers structured
their decisions based on probability values. Different
scenarios can be employed by using NASA TLX&SMAA-
2. However, NASA TLX produces only one result as the
sub process that has the highest MWL. It can only use the
PWT argument. It can only work with crisp values. It
cannot give flexibility for DMs to rate sub scales with
interval values. However, in real life cases, people can
make decisions by using approximate values more
easily.

In S;, itis assumed that weight of each sub sclae of NASA
TLX has the same importance weight and ratings of each
sub scale between [0-100] are assigned in a crisp
manner, only one value. In these conditions, it was
determined that CL process is at the first rank and PC
process is at the second rank. It means that, the mental
workload that occurs in the CL process is the highest
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when the workers ignore which criterion is compulsory
so, MWL occurs in this process should be reduced firstly.
In terms of contribution to this highest MWL, MD
criterion has the highest impact for this sub process.
Managers should improve problems that cause to feel
MD highly.

In S,, workers have more flexibility to score each sub
scale for each sub process because of using interval
valued points. Additionally, in this scenario it is also
considered that the effects of the criteria on the MWL
may be different. According to results, CL process is at
the first rank and PC process is at the second rank again.
This means, even if they feel difficulty in different
dimensions of the MWL, this process is the most difficult
process. PD of work done in this process has the highest
effect this MWL.

In S3, workers have more flexibility to score each sub
scale for each sub process like S,. They could give
interval valued scores to each sub scale. However, it was
assumed that all MWL related criterion have the same
weight. CL process is at the first rank and PC process is
at the second rank again for this scenario. CL process is
at the first rank that should be improved in terms of
MWL, when assumed that each sub scale of MWL has the
same importance.

According to three scenarios, S, analyzes MWL more
detailed. Because, this scenario, considers different
effect of six sub scales on MWL as criteria weights and
this scenario gives flexibility to score each sub scale for
workers at the same time. It is a well-known fact that
different criteria have the different effect on decisions.
As MWL assessment is a MCDM problem, different sub
scales should have different effect on MWL.

7. Conclusion and Discussions

In this study, the MWL level determining problem is
discussed as a stochastic MCDM problem, which is well
suited to cases where criteria values are not precisely
known by different DMs. Therefore, to solve this
problem, the NASA-TLX method that is commonly used
in MWL measurement and the SMAA-2 method, which
allows to record of alternative performance values and
importance weights of criteria as intervals, distribution,
and missing data, were used together. This paper found
that the NASA-TLX&SMAA-2 approach provides more
precise and distinctive results compared to the NASA-
TLX method.

SMAA-2 is a practical tool for MWL analysis to enable the
sequential ordering of the MWL related criteria, to
determine the effectiveness or impact of these criteria.
NASA-TLX&SMAA-2 supports managers about which
criteria should be improved to reduce MWL in sub
processes.

The MWL levels of workers in a box letter

manufacturing process were analyzed. It was observed
that MWL levels were high in processes CL, PC and AC
for three scenarios.

When NASA-TLX&SMAA-2 is employed, it is observed
that workload levels of some sub processes are low. In
order to provide for the health, safety, comfort and
efficiency of workers in the long term, tasks should be
regulated in such a way that the individual is neither
under loaded nor overloaded. Dangers in overloading
have been known for a long time. At this point, however,
we are concerned about the effects of under load and
boredom stress, particularly related to the transactions
that are operated in an automated fashion. Therefore,
the workload levels of processes having low MWL
should also be increased to higher levels by rearranging
the scope and responsibilities of the work.

In further studies, the proposed NASA-TLX&SMAA-2
method can be employed in different sectors in the field
of MWL as a Decision Support System by developing a
user friendly interface. This allows easy data entry with
a user-friendly interface and results can be listed on the
computer screen so that the administrator can
understand them. NASA-TLX&SMAA-2 approach,
proposed in the present study, can be extended by using
different methods that consider the relations between
sub scales.
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