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The workload factors for labor-intensive works of employees are always taken into account in measuring workloads. However, with the introduction of
computers to work planning and coordination, the tasks have often begun to take on mental workload. Mental workload is encountered in academic
studies in relatively high prevalence. In this regard, it is important to examine the efficiency of scientific studies to support the academic, administrative,
and technical staff of a faculty. Many methods having certain disadvantages are available in the literature which is either conflicting or complementary to
each other. Therefore, an integrated mental workload assessment method is needed. In this study, a new hierarchical method was proposed and by help of
a scale developed, taking the subjective techniques (MCH, SWAT, NASA-TLX) into account, the faculty staff was holistically assessed in a fuzzy
multi-criteria decision making processes. The subjects were selected in an engineering school at a private university. Four risk categories are defined that
contain homogenous risk scores. At the end of the study, some ergonomic regulations are recommended to the persons/departments at high risk categories
to reduce mental workloads.
Keywords: fuzzy multi-criteria assessment; MCH; NASA-TLX; subjective mental workload; SWAT

Procjena mentalnog opterećenja primjenom neizrazite metode s više kriterija
Izvorni znanstveni članak
Faktori opterećenja kod radno-intenzivnih poslova zaposlenika uvijek se uzimaju u obzir pri mjerenju opterećenja. Međutim, uvođenjem računala u
planiranje rada i koordinaciju, radnim se zadacima često pridodaje mentalno (intelektualno) opterećenje. Ono uvelike prevladava u znanosti. U tom je
pogledu važno istražiti učinkovitost znanstvenih istraživanja kao podršku znanstvenom, administrativnom i tehničkom osoblju fakulteta. U literaturi su
dostupne mnoge metode s izvjesnim nedostacima, koje su u suprotnosti jedna s drugom ili se međusobno dopunjuju. Zbog toga je potrebna jedna cjelovita
metoda kojom će se procijeniti intelektualno opterećenje. U ovom se radu predlaže nova metoda kojom se, pomoću razvijene tabele, uzimajući u obzir
subjektivne metode (MCH, SWAT, NASA-TLX), fakultetsko osoblje cjelovito procijenilo postupcima donošenja odluka neizrazitom metodom s više
kriterija. Ispitanici su izabrani s tehničkog fakulteta privatnog sveučilišta. Određene su četiri kategorije s ujednačenim stupnjevima ugroženosti. Na kraju
istraživanja preporučuju se neka ergonomska pravila kojih bi se osoblje/odjeli ugroženih kategorija trebali pridržavati kako bi se smanjilo mentalno
opterećenje.
Ključne riječi: MCH; NASA-TLX; subjektivno mentalno opterećenje; SWAT; više kriterijska neizrazita procjena
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Introduction

So far, factors affecting the performance of the work
environment have always been designed for laborintensive jobs; they were measured, developed and
installed in this respect. Taking the same course,
ergonomic studies have focused on muscular activities.
After 1960’s, due to the increase in the level of
technology used in business, the workforce faced mental
factors more than physical factors [1]. In the following
years, the workload mostly has turned into mental
workload in business planning and coordination works.
This has increased the importance of the concept of
mental workload. Increases in work intensity generate
mental overload and reduce work performance.
Consequently, the study of mental workload factors and
the way they interact is essential if we are to improve
workers' wellbeing and safety at work [2].
Mental workload therefore refers to "a composite
brain state or set of states that mediates human
performance of perceptual, cognitive, and motor tasks"
[3]. Mental workload is defined as the difference between
the processing capacity level of the human information
processing system and the capacity required to affect the
actual performance. Essentially, mental workload can be
defined as the processing capacity level [4 ÷ 9].
Regarding the definition of workload as a concept,
although there is a great deal of dissidence among
scientists it is considered to be measurable phenomenon.
[10]. Although there is no consensus on the definition of
the workload, almost all scientists have agreed on the
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multi-dimensionality of mental workload. Defining
human mental workload is a non-trivial problem: the
literature suggests it is hard to define due to its
multifaceted and multidimensional nature which is
dependent on the capabilities and effort of the operators in
the context of specific situations [5].
Since the early 1960s, studies related to mental
workload on industrial basis have gradually come in to
prominence [8]. Mental workload measurements can be
performed with three techniques categorized as subjective
techniques, physiological techniques, and performancebased techniques. Physiological techniques are not
usually preferred because of too many difficulties in
implementation and the need for equipment.
Performance-based techniques are not sensitive to
changes in workload.
Subjective techniques are applied by one-dimensional
and multi-dimensional scales in order to determine the
workload of the operator and they are easy to use [9]. For
these reasons, the application of these techniques is
frequently preferred.
The common subjective measurement techniques are
NASA-TLX (NASA Task Load Index), MCH (Modified
Cooper Harper Scale) and SWAT (Subjective Workload
Assessment Technique). These techniques have
advantages and disadvantage of their own. NASA-TLX
technique has a higher ability to represent the mental
workload than the other two techniques [10]. In addition,
compared to other techniques of measuring the workload,
it has a wide field of use. MCH technique appears to be a
method in literature that is applied only to pilots [11].
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SWAT is a technique which retains its sensitivity when
translated into other languages [12]. NASA-TLX is
believed to be much more valid than SWAT and MCH [9,
13, 14, 15]. However, MCH is the simplest technique of
higher intelligibility than others.
Mental workload is encountered in academic studies
in relatively high prevalence. In this regard, providing
support to the academic, administrative, and technical
staff of a faculty will eventually increase the efficiency of
scientific studies. Academic staffs consist of professors,
assistant professors, associated professors, instructors and
research assistants. Technical staffs also consist of
laboratory technician, mechanical technician, and
electrical technician in the university. At the same time
faculty secretary, department secretaries and the others
form administrative staffs. In this study, in an engineering
faculty of a private university, all the personnel were
selected as the subject group.
The purpose of this study is to develop an integrated scale
for the measurement and assessment of exposure to
mental workload of the working group, utilizing
subjective measurement techniques. In order to reduce the
subjectivity of the answers given to the questions for
these techniques, fuzzy logic is used. During the
operation, it is aimed to reveal the effects of the
demographic characteristics on mental workload such as
education, age, occupation, gender and so on. In section 2,
the literature on mental workload measurement
techniques is presented and AHP and Fuzzy AHP are
discussed. In section 3, these techniques are applied with
the help of the holistic scale on the selected faculty staff.
This study has been completed with concluding remarks
by interpretation of the study findings.

literature which used fuzzy approach in different ways to
assess the subjective mental workload. For instance, to
investigate the potential dangerous situations of overload
in a road environment (to the drivers) [15], to construct
the real-time warning model for teamwork performance in
a nuclear plant [17], and to process ECG and EEG signals
for quantification of workload [18], fuzzy models have
been applied. In these sorts of studies, generally, the
simplified fuzzy arithmetic [19] or generalized fuzzy
numbers [20] are used.
In their study Torres-Salomao et al. used Interval
Type-2 Fuzzy Logic (IT2FL) and Genetic Algorithm for
modeling mental workload in an automation-enhanced? In
another study a fuzzy linguistic multi-criteria approach
with triangular and trapezoidal fuzzy numbers to express
the overall mental workload [21].
Cabin Air Management System simulator [22].
Mouse-Amady et al. offered a new version of NASA TLX
for assessment of mental workload. They built up an
algorithm for computing weights from qualitative fuzzy
integrals. They applied it to the NASA TLX method [23].
In his study Chen presents a new method by using
simplified fuzzy number arithmetic operations for
subjective mental workload assessment and fuzzy risk
analysis [24].
Although there exists a considerable effort in the
literature to implement objective, measurable and
automated mental workload techniques, subjective
methods still remain popular [8]. As mentioned above,
primarily subjective techniques are more practical and
applicable. All techniques were investigated in detail to
figure out the pros and cons of each, therefore
comparative examination is performed.

2

2.1 Subjective workload assessment techniques

Subjective workload assessment techniques and multicriteria assessment

The studies on mental workload measurement
techniques are gathered in three main categories such as
performance-based, physiological, and subjective
techniques that are taken into account [9].
The performance-based techniques evaluate the
workload of the operator when carrying out his/her duties
or functions of the installed system. During the evaluation
of mental workload measurement, some events such as
the related entries (recognition, classification, technical
description), the central mental processes (decision
making, problem solving, memory throwing), and writing
[6] are taken into account. Principle of "increased
workload implementation results in decreased values of
speed and accuracy" is applied.
Physiological techniques involve the task of
measuring physiological responses of the operator and
make a workload assessment accordingly [9]. The need
for medical devices and equipment needed in the
implementation of these techniques is high.
Subjective techniques comprise the most common and
current data of the operator when the system functions or
duties are related to the judgments on the workload. The
subject marks the choice in the form which fits best to
his/her impressions, after finishing evaluation. Fuzzy
evaluation is mostly recommended in order to reduce
subjective judgments [9]. There are some studies in the
668

NASA-TLX technique is responsive to changes in the
experimental workload and currently provides the most
sensitive information on mental workload. NASA-TLX is
composed of six sub-scales which are: mental and
physical requirements, time requirement, effort,
performance and stress. First, these subfactors are
attributed subjective scores from 1 to 20. Then, source of
load is calculated by 15 pairwise comparisons of the
subfactors [7]. At the last stage, the index number of
mental workload is calculated according to the weighted
average of the given scores and the index values.
SWAT can be used in a wide area [7]. SWAT is
based on the comparison of three different mental
workload subfactors. These subfactors are time
requirement, effort, and stress. To start the measurement,
1-3 scale values of these factors are assigned. Table 1 is
used for this assignment process.
According to the ratings, 27 different combinations
based on scoring and evaluation can be made. For
example, the evaluation of (3, 3, 2) produces a risk score
of 26 in the form. MCH technique is developed by
George Cooper, after World War II in Ames Laboratories
US, in order to measure the quality of flights and is used
to scale the standard systems. This scale is a onedimensional rating scale from 1 to 10, where "1"
corresponds to the best use. NASA-TLX and CooperHarper methods were later studied in combination with
Technical Gazette 23, 3(2016), 667-674
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each other [7, 14, 15]. In this study, MCH methodology
was revised for the academic, administrative and technical

staff. In Tab. 2, scoring form is demonstrated according to
the answers given to questions.

Table 1 Scale values of SWAT

Time requirement

Effort

1

Frequently there is free time.

Very little attention and mental effort required.

2

There's free time.

Moderate attention and mental effort required.

3

There is almost no free time.

A lot of attention, mental effort, and
concentration required.

Questions
Are you able to do your purpose most of the
time even though you encounter great problems
during your work?
(YES ↓)

Table 2 The revised procedure for MCH

Is it more or less trivial mistakes you make
during your work?
(YES ↓)

Is your work exposure to an acceptable level of
workload?

Answers

Questions

Scoring form

NO

This is the end of interview.

10

NO

NO

YES

2.2 Fuzzy multi-criteria decision making (FAHP)
Analytical Hierarchy Process (AHP) has been
annexed to literature in 1977 for the purpose of
understanding and defining the problem, creating a
hierarchical structure, evaluating certain numbers and
consequences for making judgments. This method, which
is a successful one for analyzing hierarchical structure, is
intended to provide people with a more effective decision
making tool where hierarchy is the most effective way to
organize complex systems [25].
The structure of AHP is based on pairwise
comparison matrices. The smallest element is set to be "1"
and decisions for superior degrees assume other higher
elements. A pairwise comparison matrix is created by
converting judgments to numeric values using 1-9 scale.
The priority will be obtained from the weight vector W (W
= w1, w2,..., wn). wj's are defined as eigenvectors.
Fuzzy numbers represent quite accurately the nature of
the inconsistency of measurement. Fuzziness and fuzzy
numbers are used to express a broad perspective in this
respect [26].
If A is a convex fuzzy set and α-cut is a closed set,
the parameters defining this cluster are called fuzzy
numbers. Fuzzy numbers can be defined in various types
such as trapezoidal and triangular numbers which are
most commonly used. The membership function (µA(x)) is
shown in Eq. (1). Ã = {a1, a2, a3; h} is called triangular
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Stress
Work does not cause anxiety and irritability.
Risk is less.
Work causes anxiety and frustration. The job is
risky.
Work creates anxiety, stress. The job is very
risky.

Are you losing time to take the errors
reasonable level?
(YES →)
Are you losing time in order to avoid more
errors?
(YES →)
Do the occurred errors prevent your work?
(YES →)
Maximum workload?
(YES →)
High workload?
(YES →)
Moderate workload?
(YES →)
Maximum level of workload.
Moderate level of workload.
Minimum level of workload.

9
8
7
6
5
4
3
2
1

fuzzy number, where h indicates the height of a fuzzy set
[27].
Triangular fuzzy membership function used in the
study is as follows in Eq. (1):
0

 w( x − a )
1

 a2 − a1
µA ( x) = 
 w(a3 − x)
 a3 − a2

0


,

x < a1

, a1 ≤ x < a2
, a2 ≤ x ≤ a3
,

(1)

x ≥ a3

AHP disregards the significant influence of the
uncertainties of the criteria and the alternatives in the
decision-making processes [28]. There is the possibility of
change of a concatenation of judgments which does not
guarantee accurate results. In this study, AHP and fuzzy
logic are employed together, using fuzzy numbers or
linguistic variables rendering the evaluation easier. In
multi-criteria decision making problems FAHP
approach’s results is similar with human’s appraisal of
ambiguity. This feature allows for converting crisp
judgments to fuzzy judgments. Many decision making
problems include fuzziness and vagueness. FAHP method
uses this type of problems. FAHP makes possible to use
linguistic terms. According to this decision maker can
make evaluations more accurate. Fuzziness is used to
simplify complex problems which are at the forefront of
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human judgment and for obtaining more efficient and
flexible results. Some of the fuzzy AHP methods are
based on entropy weight fuzzy AHP method proposed by
Chen in 1996 [29] and linguistic weighting method [30].
The fuzzy scale for comparison transformation matrix
used in this study is shown in Tab. 3 [31].
Table 3 The fuzzy scale for pairwise comparison

Scale values
1
3
5
7
9

Fuzzy number equivalent
1,1,1
2/3,1,3/2
3/2,2,5/2
5/2,3,7/2
7/2,4,9/2

Triangular fuzzy arithmetic operations on fuzzy
numbers are used by the equation developed by Kaufman
and Gupta. At the end of operations, fuzzy numbers are
converted to crisp numbers (Eq. (2)) [32].

A=

(a1 + 2b1 + c1 )
,
4

(2)

3.1 The demographic analysis
Demographic features concerning the questionnaire
study performed on the faculty staff is given below:
• 60 out of the distributed 83 questionnaires (73 %) are
returned.
• 14 subjects who filled out the questionnaire (23 %)
are under the age of 30 and 28 subjects (47 %) are in
the group between 30 and 35.
• 23 subjects (38 %) are female and 37 (62 %) are
male.
• When the educational background is analyzed, 2
subjects (3 %) are high school graduates, with
bachelor's degree are 21 (35 %), and 37 subjects (62
%) have completed a master's or a doctorate degree.
• In addition, 40 subjects (67 %) are academic staff, 11
(18 %) are administrative, and remaining 9 (15 %) are
technical staff.
3.2 Assessment of the mental workload
In this experimental study a hierarchical structure was
created first and the Fuzzy AHP method was used. The
pairwise comparison matrices were set based on the
hierarchical structure. By the fuzzy comparison matrices
in each step of the hierarchy, fuzzy weight vectors
transactions were made. After the calculation of weight
vectors, the crisp number of subjects in the questionnaire
was translated taking into account their linguistic values.
Consequently, the integrated risk score was obtained for
each user.
3.2.1 Structuring the hierarchy
This problem necessitates a multi-criteria evaluation
under the hierarchy. In this experiment, a three-level
hierarchy was used. The first level covers the academic,
administrative and technical staff. The second level
consists of the techniques which are NASA-TLX, SWAT
and MCH. The last level has been constructed by the
factors or sub-factors of techniques.
The created hierarchical structure is given in Fig. 2.

Figure 1 The application steps of mental workload assessment

3

Assessment of the mental workload on engineering
faculty personnel

This study is meant to measure the mental workload
exposure of academic, administrative and technical
personnel of an engineering faculty of a private university
located in Ankara. Subjective mental workload
measurement techniques such as NASA-TLX, SWAT and
MCH are performed and they consist of establishing a
holistic scale containing each of the three methods. An
expert team (was) consulted for their opinions, for each
step of the study such as structuring the hierarchy and
setting the pairwise comparison matrices. The application
steps are demonstrated in Fig. 1.
670

Figure 2 The created hierarchy for fuzzy assessment

3.2.2 Establishing the pairwise comparison matrices
According to the hierarchical structure shown in Fig.
2, the pairwise comparison matrices of staffs for the first
Technical Gazette 23, 3(2016), 667-674
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level are set by a team including 9 experts as shown in
Tab. 4. Expert team consists of academic staffs (include
authors and the other academicians). As a result of
expert’s evaluations the most repeated scores are used.
Table 4 Pairwise comparison of the first level

Staffs
Academic
Administrative
Technical

Academic
1
1/5
1/7

Administrative
5
1
1/3

Technical
7
3
1

Then, comparison matrix is created separately for
each technique of NASA-TLX, SWAT and MCH. As an
example, the judgments of academic staff are given in
Tab. 5.
After this stage, pairwise comparison matrices for
factors/sub-factors of the techniques were created in
respect to academic staff.
Table 5 The comparison of the techniques for academic staff

Techniques
NASA-TLX
SWAT
MCH

NASA-TLX
1
1/3
1/7

SWAT
3
1
1/5

MCH
7
5
1

Similarly, in accordance with the hierarchical
structure, comparison matrices were structured for
administrative and technical staff. To provide consistency
to the analysis, the comparison matrix inconsistency does
not exceed 10 %.
Table 6 Fuzzy pairwise comparisons of staffs

Staffs
Academic
Administrative
Technical

Academic
1,1,1
2/5,1/2, 2/3
2/7,1/3, 2/5

Administrative
3/2,2,5/2
1,1,1
2/3,1,3/2

Technical
5/2,3,7/2
2/3,1,3/2
1,1,1

Table 7 The defuzzified weight vectors

Weight vectors
Wstaff
Wtechnique
Wnasa-academic

Wnasa-administrative
Wnasa-technical
Wswat-academic
Wswat-administrative
Wswat-technical

Crisp weight vectors
(0,5667; 0,2427; 0,2250)
(0,4766; 0,3835; 0,1740)
(0,3100; 0,0868; 0,2183; 0,1570; 0,1570;
0,1195)
(0,2218; 0,0533; 0,2415; 0,1387; 0,1387;
0,2843)
(0,1023; 0,1210; 0,1468; 0,2855; 0,2698;
0,1133)
(0,4075; 0,4870; 0,1273)
(0,4405; 0,3373; 0,2783)
(0,3836; 0,4763; 0,1740)

3.2.3 The calculation of the fuzzy weight matrix
At this stage, the pairwise comparison matrices are
expressed in fuzzy numbers. Crisp numbers are converted
to fuzzy numbers to eliminate the problems caused by
subjectivity and to achieve more accurate judgments.
Using the fuzzy comparison matrices, fuzzy weight
vectors are calculated. Here, Tab. 3 was taken into
account and fuzzy comparison matrix form in Tab. 6 has
been constructed.
After the calculations with respect to fuzzy
comparison matrices the fuzzy weight vectors are
obtained for all positions.
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3.2.4 Defuzzification of fuzzy weight vectors
The weight vectors of fuzzy numbers are defuzzified
using the formula developed by Kaufman and Gupta [32].
Accordingly, the obtained crisp numbers of weight
vectors shown in Tab. 7 are used and then holistic risk
scores are calculated.
3.2.5 Calculation of the risk values with a holistic scale
Using the defuzzified weight vectors integrated risk
scores for each subject are calculated by a holistic risk
scale. The calculation steps are given below:
• Multiplying the crisp values of related criteria
weights of each level, the global weights are revealed
in the same circle.
• The risk scores of the subjects are calculated for the
three techniques.
• The risk scores obtained from the techniques are
converted to the percentile weights regarding their
possible maximum and minimum scales.
• The total risk scores for each employee are obtained
by multiplying global weights of subfactors with their
percentile weights.
• The homogeneous risk groups are categorized with
respect to the distribution of mental workload.
According to the results of the distribution of mental
workload, the risk zones emerge in 4 groups in this study:
Red Zone: Mental workload is so high that these posts
should immediately be subject to ergonomic measures
Risk score in the red zone is above 5,5.
Orange Zone: Mental workload is at such a level that
would mandate the staff in the zone to take ergonomic
measures in a short period of time. Risk score in the
orange zone is between 5 and 5,5 points.
Yellow Zone: Medium levels of mental workload are
observed. For this region Ergonomic regulations can be
employed in course of time. The risk score of yellow zone
is between 2,4 and 5.
Green Zone: An acceptable level of mental workload
is calculated and the ergonomic regulations are not
needed. In this zone, the risk score is below 2,4.
The obtained zones are shown in Fig. 3 in respect to
the integrated risk matrix as follows.
According to the new fuzzy risk assessment matrix in
Fig. 3, all academic staffs are stated in the red and orange
zones. 76,5 % of the yellow zone and 23,5 % of the green
zone belongs to the administrative staff. 56,25 % of the
green zone belongs to technical staff.
According to the integrated risk triangle, the mental
workload of academic staff appeared very high and
needed immediate ergonomic measures in the shape of
regulations. The risk level of the administrative staff leads
to a concussion that it must be kept under control. The
observed mental workload of technical personnel is at
acceptable level and no improvements are suggested. The
obtained results for each individual have also been
evaluated in respect to risk scores and the most extreme
tasks within the organization are determined.
Accordingly:
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•
•

The extreme two scores are appearing different in
academic staff (6,2157 and 6,0384). These are a
research assistant and an assistant professor.
The highest workload of administrative staff
belonged to the dean’s secretary (2,9788).

E. Eraslan et al.

In this study, the calculations were made using fuzzy
approach. If the scores of all the techniques are taken into
account without fuzziness (classical approach), different
results come out. The comparison results of the fuzzy and
the classical studies are given in Tab. 8.

Figure 3 The fuzzy assessment triangle for the risk zones
Table 8 Comparison of the classical and fuzzy approaches

Staffs

Academic

Administrative

Approaches

Classical
approach
(%)

Fuzzy hierarchical
approach
(%)

Classical
approach
(%)

Fuzzy hierarchical
approach
(%)

Classical
approach
(%)

Red Zone
Orange Zone
Yellow Zone
Green Zone

30,00
40,00
17,50
12,50

39,03
60,97
-

27,27
36,36
27,27
9,10

76,50
23,50

33,33
22,22
44,50

As seen in Tab. 8, more accurate objective results are
obtained in the fuzzy hierarchical approach and thus
better regulations could be proposed.
Considering the results, some ergonomic measures to
improve the working conditions of employees are
proposed and discussed below.
3.3 Ergonomic measures for balancing mental workload
Using the mental workload levels of the faculty staff,
some ergonomic activities should be conducted in order to
reduce the workload of the employees. Dimensions of
these studies carried out in academicals environments,
should also be intended for workplace environments
climate effects, lighting, health drawbacks, energy need of
the human body, and psycho-sociological problems of
employees.
Primarily, in order to maintain the highest level of
physical comfort, physical abilities, materials, working
planes and volumes must have appropriate sizes. The
dynamic anthropometric design is a very important
subject to examine. Air temperature, humidity and air
movements are the main factors that affect the
672

Technical

Fuzzy
hierarchical
approach
(%)
43,75
56,25

environmental conditions. To work efficiently, the
optimal air temperature should be between 19,4 ÷ 22,8 °C
and lighting should be 300 lux for academic staff in
universities [30]. Long-term sensitive work of technical
personnel requires more lighting in order to prevent eye
strain. Noisy working environment certainly causes
negative impact on labor productivity and accidents. On
the other hand, monotonous and very quiet rooms cause
sleepiness.
In addition to environmental factors and physical
conditions described above, fatigue and deprivation
increase absenteeism and certain measures should be
taken for psycho-sociological problems. Group works are
recommended and offered here to increase efficiency. To
balance mental load among team members, job rotation,
job enlargement or job enrichment should be used [34].
Work expanding applications and job rotation comprising
task circulation between jobs prevent monotony of the
work. Herzberg suggests that job enrichment should be a
key factor in any policy of motivation [35, 36, 37].
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4

Discussion and conclusion

The development of computer technology in
everyday and business life has made the measurement and
evaluation of mental workload more important. In this
study, subjective measurement methods have been
applied to the measurement of mental workload of the
faculty staff.
Fuzzy AHP evaluation was used to evaluate the obtained
results in practice, as NASA-TLX, SWAT and MCH
methods are subjective methods and people who
answered the questionnaire were in different mental
situations. In this respect, the fuzzy evaluation prevents
undesirable results.
The advantages of the proposed fuzzy hierarchical
approach can be apparently noticed in the results.
Hierarchical structure is a suitable approach for multiple
conflicting decision criteria that complicate decision
making. Also it is useful for identifying complex relations
between these criteria to assess decision alternatives.
Human decision making system contains subjectivity and
it is difficult to measure this with exact model. For this
reason in this type of problems using fuzzy logic gives
more realistic results. The workloads of administrative
and technical staff were obtained above the desired level
in the classical approach, but by the introduction of the
hierarchy and the fuzzy evaluation the realistic and
objective conclusions were achieved. The maximum
mental load of both assistant professor and a PhD level
research assistant were acceptable considering the duties
of these posts bearing the role of a manager in the
administrative staff, faculty secretary in its category.
Technical staffs are limited to laboratory studies of mental
load.
Job definitions of subjects are examined as a basis.
The technical staff is primarily in charge of assisting other
academic personnel on issues such as laboratory
equipment etc. while the administrative staff is
responsible for paperwork and of the academic staff. The
academic staff is responsible for lecturing, management
of student advisory and quality improvement in activities
such as academic publications.
Consequently, balanced-distribution of workload
among employees in terms of mental workload will
provide contentment in the staff.
This study only focused on mental workload.
Physical, psycho-social and postural evaluations are
excluded from the scope of this study. Evaluations of the
performances of employees in terms of an integrated
consideration of the mentioned issues constitute the
subject of a future study.
5

References

[1] Hancock, P. A.; Mihaly, T.; Rahimi, M; Meshkati, N. A
Bibliografic Listing of Mental Workload Research. //
Human Mental Workload / North-Holland. (1988), pp. 329382.
[2] Galy, E.; Cariou, M.; Mélan, C. What is the relationship
between mental workload mental factors and cognitive load
types? // International Journal of Psychophysiology. 83
(2012), pp. 269-275. DOI: 10.1016/j.ijpsycho.2011.09.023
[3] Stasi, L. L. D.; Antolí, A.; Cañas, J. J. Evaluating mental
workload while interacting with computer-generated
Tehnički vjesnik 23, 3(2016), 667-674

Procjena mentalnog opterećenja primjenom neizrazite metode s više kriterija

artificial environment. // Entertainment Computing. 4,
(2013), pp. 63-69. DOI: 10.1016/j.entcom.2011.03.005
[4] Eggemeier, F. T.; Wilson, G. F. Subjective and
performance-based assessment of workload in multitask
environments. // Multiple task performance / London.
(1991), pp. 217-278.
[5] Longo, L. Formalizing Human Mental Workload as a
Defeasible Computational Concept // Doctor of Philosophy
Thesis (Computer Science), University of Dublin, Trinity
College, October 2014.
[6] Yeh, Y.; Wickens, C. Why do performance and subjective
measures dissociate? // Human Factors Society 28th Annual
Meeting / Santa Monica. (1984), pp. 504-508.
[7] Hancock, P. A.; Meshkati, N. Human Mental Workload.
Elsevier Science Publishers B. V., North Holland, 1988.
Hart, S. G.; Staveland, L. E. Development of NASA-TLX
(Task Load Index): Result of experimental and theoretical
research // Human Mental Workload / Amsterdam. (1988),
pp. 139-183.
[8] Hart, S. G.; Staveland, L. E. Development of NASA-TLX
(Task Load Index): Result of experimental and theoretical
research // Human Mental Workload / Amsterdam. (1988),
pp. 139-183.
[9] Hancock, P. A.; Caird, J. K. Experimental Evaluation of a
Model of Mental Workload. // Human Factors. 35 (1993),
pp. 413-429.
[10] Hill, S. G.; Byers, J. C.; Zaklad, A. L.; Christ, R. E.
Subjective workload assessment during 48 continuous
hours of LOS–F–H operations. // Human Factors Society
33rd Annual Meeting / Santa Monica. (1989), pp. 11291133.
[11] Hart, S. G.; Wickens, C. D. Workload assessment and
prediction, an approach to systems integration. H. R.
Booher, Manprint, New York, 1990.
[12] Pfendler, C.; Widdel, H. Gedächtnisleistung und
Beanspruchung beim Wiedererkennen von farbigen und
schwarzweißen Reizmustern auf elektronischen Anzeigen
Wachtberg. // Forschungsinstitut für Anthropotechnik,
Germany, 1988, FAT Report No: 81.
[13] Byers, J. C.; Hill, S. G.; Zaklad, A. L.; Christ, R. E.
Workload assessment of a remotely piloted vehicle (RPV)
system. // Human Factors Society 32nd Annual Meeting /
Santa Monica. (1988), pp. 1145-1149.
[14] Battiste, V.; Bortolussi, M. Transport pilot workload: A
comparison of two subjective techniques. // Human Factors
Society 32nd Annual Meeting / Santa Monica. (1988), pp.
15-154.
[15] Luximon, A.; Goonetilleke, R. S. Simplified subjective
workload assessment technique. // Ergonomics. 44, (2001),
pp. 229-243. DOI: 10.1080/00140130010000901
[16] Pellegrino, O. Prediction of Driver's Workload By Means
of Fuzzy Techniques. // Baltic J Road Brid Eng. 7, (2012),
pp. 120-128. DOI: 10.3846/bjrbe.2012.17
[17] Hwang, S.; Liang, G.; Lin, J. Hwang, S.; Liang, G.; Lin, J.
A real-time warning model for teamwork performance and
system safety in nuclear power plants. // Safety Science. 47,
(2009), pp. 425-435. DOI: 10.1016/j.ssci.2008.07.011
[18] Moon, B. S.; Lee, H. C.; Lee, Y. H. Fuzzy systems to
process ECG and EEG signals for quantification of the
mental workload. // Information Science. 142, (2002), pp.
23-35. DOI: 10.1016/S0020-0255(02)00155-X
[19] Chen, S. M. New methods for subjective mental workload
assessment and fuzzy risk analysis. // Cy Systems. 27,
(1996), pp. 449-472. DOI: 10.1080/019697296126417
[20] Yong, D. Subjective Mental Workload Assessment Based
on Generalized Fuzzy Numbers. // Cy Systems. 42, (2011),
pp. 246-263. DOI: 10.1080/01969722.2011.583596
[21] Liou, T. S.; Wang, M. J. J. Subjective Assessment of
Mental Workload - A Fuzzy Linguistic Multicriteria

673

Mental workload assessment using a fuzzy multi-criteria method

Approach. // Fuzzy Sets Systems. 62, (1994), pp. 155-165.
DOI: 10.1016/0165-0114(94)90055-8
[22] Salamao-Torres, L. A.; Mahfouf, M.; Obajemu, O. Interval
Type-2 Fuzzy Logic Adaptive Modelling for Human
Operators Undergoing Mental Stress. // 19th World
Congress the International Federation of Automatic Control
Cape Town, South Africa. August. (2014), pp. 24-29.
[23] Mouse-Amady, M.; Raufaste, E.; Prade, H.; Meyer Et. J-P.
Fuzzy-TLX: using fuzzy integrals for evaluating human
mental workload with NASA-Task Load index in
laboratory and field studies. // Ergonomics. 56, 5(2013), pp.
752-763. DOI: 10.1080/00140139.2013.776702
[24] Chen, S. M. New Methods for subjective mental workload
assessment and fuzzy risk analysis. // Cybernetics and
Systems: An International Journal. 27, (2014), pp. 449-472.
DOI: 10.1080/019697296126417
[25] Saaty, T. L. The Analytical Hierarchy Process. McGrawHill International Book Company, USA, 1980.
[26] Saaty, T. L. The Analytic Hierarchy and Analytic Network
Processes. // The Conference notes ISAHP / Kobe, Japan.
(1999), pp. 10-30.
[27] Herrera, F.; Lopez, E.; Mendana, C.; Rodriguez, A. M. A
Linguistic Decision Model for Personnel Management
Solved with A Linguistic Biobjective Genetic Algorithm //
Fuzzy Sets Systems. 118, (2001), pp. 47-64. DOI:
10.1016/S0165-0114(98)00373-X
[28] Chen, S. M. Evaluating Weapon Systems Using Fuzzy
Arithmetic Operations // Fuzzy Sets Systems, 77(1996), pp.
265-276. DOI: 10.1016/0165-0114(95)00096-8
[29] Cheng, C. H. Evaluating Naval Tactical Missile Systems by
Fuzzy AHP Based on the Grade Value of Membership
Function. // Eur J Operations Research. 96, (1997), pp. 343350. DOI: 10.1016/S0377-2217(96)00026-4
[30] Cheng, C.H.; Yang, K.L.; Hwang, C. H. Evaluating Attack
Helicopters by AHP Based on Linguistic Variable Weight.
// Eur J Operations Research. 116, (1999), pp. 423-435.
DOI: 10.1016/S0377-2217(98)00156-8
[31] Tolga, E.; Demircan, M. L.; Kahraman, C. Operating
System Selection Using Fuzzy Replacement Analysis and
Analytic Hierarchy Process. // Int J Prod Economics. 97,
(2005), pp. 89-117. DOI: 10.1016/j.ijpe.2004.07.001
[32] Cheng, C. H.; Lin, Y. Evaluating the Best Main Battle Tank
Using Fuzzy Decision Theory with Linguistic Criteria
Evaluation. // Eur J Operations Research. 142, (2002), pp.
174-186. DOI: 10.1016/S0377-2217(01)00280-6
[33] Kroemer, K; Kroemer, H.; Kroemer-Elbert, K.
Ergonomics. Prentice Hall, USA, 2001.
[34] Mathiassen, S. E. Diversity and variation in biomechanical
exposure: what is it, and why would we like to know? //
Appl. Ergonomics. 37, (2006), pp. 419-427. DOI:
10.1016/j.apergo.2006.04.006
[35] Kuijer, P. P. F. M.; Van Der Beek, A. J.; Van Dieen, J. H.;
Visser, ; Frings-Dresen, M. H. Effect of job rotation on
need for recovery, musculoskeletal complaints, and sick
leave due to musculoskeletal complaints: a prospective
study among refuse collectors. // Am J of Ind Medicine. 47,
(2005), pp. 394-402. DOI: 10.1002/ajim.20159
[36] Schermon, H.; Osborn, J. Organizational Behaviour. John
Wiley & Sons Inc., New York, 2003.
[37] Fourman, L.; Jones, J. Job enrichment extension // J Ext,
35, 1997, URL: http: //www.joe.org/joe/1997October
/iw1.html.

674

E. Eraslan et al.
Authors’ addresses
Ergün Eraslan, Professor Dr.
Yıldırım Beyazıt University,
Department of Industrial Engineering,
Ankara, Turkey
E-mail: eraslan@ybu.edu.tr
Gülin Feryal Can, Asst. Prof. Dr.
Baskent University,
Department of Industrial Engineering,
Ankara, Turkey
E-mail: gfcan@baskent.edu.tr
Kumru Didem Atalay, Assoc. Prof. Dr.
Baskent University,
Department of Industrial Engineering,
Ankara, Turkey
E-mail: katalay@baskent.edu.tr

Technical Gazette 23, 3(2016), 667-674

