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ABSTRACT
Until the last decades, the workload assessmerbrfaciave pointed to labor-intensive works of
employees for measuring workloads in a jobshopinByease in planning and coordination-type works,
computers have started to be put into use in ptauand these tasks have usually turned into rhenta
workload. In today’s competitive market, mental Woad assessment has become more important
especially for white collar employees in severaibesses. An example of high risk level prevalesfce
mental workload is encountered in academic studiethe universities affecting whole staff. Some
ergonomic regulations are essential in order to ttes efficiency of scientific studies, and thegal
prevent mental risks on the staff of a faculty. fEhere some methods available in the literaturasate
conflicting with or complementary to each other. $lof them have some disadvantages or restricted
usage area as well. Therefore, an integrated ment&dload assessment method is proposed in thily stu
With the help of the hierarchy of AHP, the subjeettechniques (MCH, SWAT, NASA-TLX) are stated
in the first level and their subfactors are stdatethe second level. The pairwise comparison medrire
performed by the consensus of an expert team. dda¢ &nd global weights of the factors and subfacto
are calculated according to the procedure of AHEhote The faculty staffs are mentally assessed by a
proposed methodology and mental workload for etaffiis calculated.

Keywords:mental workload, NASA-TLX, SWAT, MCH, AHP method.

1. Introduction

In recent years, the workload has turned into mpostental workload in business planning and
coordination works. This is increased the imporgaoicthe concept of mental workload. Mental workloa
is defined as the difference between the task dutle processing capacity to the level of human
information processing system and the capacityla@ai to affect the actual performance (Eggemeidr a
Wilson,1991; Yeh and Wickens, 1988).

Assessing mental workload is inevitable in ergormorapproaches applied in the organization and
employee satisfaction in taking exact measuredppeance and quality. In addition, mental workload
for the job profile of manpower in accordance wikie requirements of the decision-maker with the
significant advantages of assessment will be pexlid

As regards the definition of its nature and a Ibtdivergence of mental workload, as a concept, is
considered to be measured (Hancock and Meshka®8)1Rlthough there is no consensus on the
definition of the workload, almost all scientistgreed that mental workload is multi-dimensional.
Subijective techniques are applied one-dimensiamhaulti-dimensional scales in order to determimee t
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workload of the operator and they are easy to Hem¢ock and Caird, 1993). For these reasons, the
application of these techniques is frequently prefk

The common subjective measurement techniques arSANHLX (NASA Task Load Index), MCH
(Modified Cooper Harper Scale) and SWAT (SubjectWorkload Assessment Technique). These
technigues have some advantages and disadvantegegarh other as well. NASA-TLX technique's
capability to represent the mental workload is Bigbompared to the other two techniques (Hill et al
1992). MCH technique appears to be a method thapjdied only to pilots in the literature (Hart and
Wickens, 1990). SWAT sensitivity does not changdctvthas been translated into other languages
(Hancock and Caird, 1993; Pfendler and Widdel, 18&rs et al., 1988; Battiste and Bortolussi, 1988
Luximon and Goonetilleke, 2001). Therefore, a commueasurement scale proposed in this study is
aimed to achieve the most realistic and sensitsgalts.

One of the environments which have relatively highvalence of mental workload is academic areas. In
this study, in an engineering faculty of a privatéversity, all the personnel were selected asstigect
group. The purpose of this study is to developroirdegrated scale for the measurement and asselssme
of exposure to mental workload of the working grdbat take into account the subjective measurement
technigues which are NASA-TLX, SWAT and MCH. Thetature on the mental workload measurement
technigues and AHP have presented in sectionsedtion 3, these techniques have applied with ¢ h

of the holistic scale on the subjects by using Adtéps. This study has been completed with congaiusio
remarks.

2. Subjective Workload Assessment Techniquesand Multi-criteria Assessment
The studies of mental workload measurement teclesigare gathered in three main categories:
Performance-based, physiological, and subjectislenigues.

The performance-based techniquegaluate workload of the operator when carrying duties or
functions of the installed system. During the eatibn of mental workload measurement it is takea in
account some events such as the related entresetitral mental processes, and writing. Physioddgi
techniquesarry out the task of measuring the physiologieaponses of operator and make a workload
assessment accordingly (Hancock and Caird, 1993diddl devices and equipments are needed.
Subjective techniquesomprise the most common and current data of gexator when the system
functions or duties in relation to the judgmentstbé workload uploaded. The subject signs the
impressions on the form after completing the evioa

As mentioned above, primarily subjective technigbesng more practical and applicable are seen as
NASA-TLX (NASA Task Load Index), MCH (Modified Co@p Harper Scale) and SWAT (Subjective
Workload Assessment Technique) techniques.

NASA-TLX technique is responsive to change the expental workload and is currently composed of
six sub-scales which are mental and physical remeénts, time requirement, effort, performance and
stress (Hancock and Meshkati, 1988). SWAT is basedhe comparison of three different mental
workload subfactors. These subfactors are timeirement, effort, and stress. In this study, MCH
methodology was revised for the academic, admatistr and technical staff.

Analytical Hierarchy Process (AHP) have been adttediterature in 1977 by Saaty for full of
understanding and defining the problem, creatihgeearchical structure, evaluating certain numlaers
consequences of making judgments. Hierarchy isrbst effective way to organize complex systems
(Saaty, 1980). The structure of AHP is based onnisé comparison matrices. The smallest element is
given “1” and a decision is made for other elemertisording to superior degree. Expert knowledge is
preferred for the judgments since the results oPAHII completely depend on them.
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3. Assessment of the Mental Workload of Staffsusing AHP

This study aims to measure the exposure of merdgkload of academic, administrative and technical
personnel of an engineering faculty of a privatevensity located in Ankara. Subjective mental wodd
measurement techniques such as NASA-TLX, SWAT ardHMare performed and it consists of
establishing a holistic scale. The opinions of élxpert team are provided for the each step of tilndys
such as structuring the hierarchy and setting #iievise comparison matrices.

3.1 Analysis of the questionnaires

In the beginning of the study, a questionnairerepared to collect the demographic and evolutionary
data of the related staff. 60 out of 83 (73%) d&#dd questionnaires are returned which are perfibimye

23 (38%) female and 37 (62%) male subjects. 14estbjwho filled out the questionnaire (23%) are
under the age of 30 and 28 subjects (47%) aredrage group between 30-35. When the educational
background is analyzed, 2 subjects (3%) are hipbagraduates, bachelor's degree is 21 (35%)3@nd
subjects (62%) have completed a master's or a detaegree. In addition, 40 subjects (67%) are
academic staff, 11 (18%) are administrative, amaaiaing 9 (15%) are technical staff.

3.2 Structuring the hierarchy

In this study, by the help of the hierarchy of AHIRe staffs of the faculty are stated in the fiesel, the
subjective techniques (MCH, SWAT, NASA-TLX) are tsth in the second level and their related
subfactors are stated in the third level. The pagwomparison matrices are performed by the ceusen
of an expert team. The local and the global weigtitthe factors and subfactors of each level are
calculated according to the procedure of AHP methdde hierarchy. The subfactors of the NASA-TLX
are consist of 6 subscales which are mental, palysied time requirements, effort, performance and
stress level. The SWAT's subfactors are time regmént, effort and stress level. The subfactors are
evaluated in the third level.

In this experiment, a three-leveled hierarchy igdusThe first level included of the academic,
administrative and technical staff. The second ll@ansists of the subjective techniques which are
NASA-TLX, SWAT and MCH. The last level is constradtby subfactors of the related techniques. The
created hierarchical structure is given in Figure 1

Mental Workload Assesment

Level O
/v \
Academic S. Administrative S. Technical S. Level 1
% é i !
NASA-TLX SWAT MCH Level 2
\ 4 \ 4
Subfactors Subfactors Level 3

Figure 1.The created hierarchy fassessment
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According to the hierarchical structure shown igUfe 1, the pairwise comparison matrices of staffs
the first level are set by expert team as showrainle 1 and local weights are calculated:

Table 1.Pairwise comparison of the first level

Staffs Academic Administrative Technical L ocal Weights
Academic 1 5 7 0.731
Administrative 1/5 1 3 0.188
Technical 1/7 1/3 1 0.081

Then, comparison matrix is created separatelydchdechnique of NASA-TLX, SWAT and MCH. The
judgments for academic staff are given in Tabls araexample:

Table 2. The comparison of the techniques for avédstaff

Techniques NASA-TLX SWAT MCH L ocal Weights

NASA-TLX 1 3 7 0.649
SWAT 1/3 1 5 0.279
MCH 1/7 1/5 1 0.072

After this stage, pairwise comparison matricesfémtors/subfactors of the techniques were created i
respect to academic staff below according to tipeexeam’s opinions (See Table 3 and Table 4).

Table 3. The pairwise comparison for factors/suofacof NASA-TLX

Mental Physical Time Perfor  Stress L ocal
Subfactors req. reg. req. Effort mance level Weights
Mental 1 9 3 5 5 7 0.463
requirement
Physical
requirement 1/9 1 17 1/5 1/5 1/3 0.028
Time
requirement 173 7 1 3 3 S 0.242
Effort 1/5 5 1/3 1 1 3 0.112
Performance 1/5 5 1/3 1 1 3 0.093
Stress level 1/7 3 1/5 1/3 1/3 1 0.062
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Table 4. The pairwise comparison for factors/sulofacof SWAT

Subfactors reql-JriIrrgr?len t Effort Stresslevel Vbe?;ﬁlts
Time requirement 1 1/3 7 0.290
Effort 9 1 9 0.655
Stress level 1/7 1/9 1 0.055

Similarly, in accordance with the hierarchical stiwe, comparison matrices were also performedclHor
staffs and the local weights are calculated. Tovigeo the consistency of the analysis, each created
comparison matrix does not exceed 10% of the irstargy.

3.3 Assessment of mental workload

The faculty staffs are mentally assessed by a gegpmethodology regarding the three subjective ahent
workload assessment methods. An integrated schle wh mental workload for each staff is calculated
then. Four types of risk levels are defined. At émels of the study, the risky groups of the stadf a
determined using an integrated scale value and sg@nomic regulations are recommended to the
staffs/departments at high risk for mental workiad

Using the weight vectors, first, the integratedk gsore for each subject is calculated. Here, piyitig
the values of related criteria weights of each lletree global weights are revealed. The risk scdoes
each employee are obtained by multiplying globabhes of subfactors with the same circles. Theltesu
of the homogeneous risk groups are categorizeddier ®o determine the distribution of mental woddo
The determined risk zones are divided into 4 gronpkis study:

« Red Zone:Mental workload is very high that these positiare immediately being driven
ergonomic regulations.

« Orange Zone:Mental workload is high that the staffs in the eoare needed ergonomic
regulations in a short period of time.

« Yellow Zone:Medium levels of mental workload are observed.oBmnic regulations in the
region can be developed over time.

« Green ZoneAn acceptable level of mental workload is calcedand the ergonomic regulations
are not needed.

According to the new risk assessment shown in Tapéeademic staff lies in all the zones but maistly
red and orange zones. 36.36% of orange zone belorige administrative staff, and 44.50% of theegre
zone belongs to technical staff.

In respect to the proposed method, the mental wadkbf academic staff appears very high and isetked
immediately to be driven ergonomic regulations. &tner, the results are shown that, the extreme two
scores mostly appear among academic staff. These @search assistant and an assistant professor.

The risk level of the administrative staff is cambéd that it must be kept under control. The highes
workload of administrative staff belongs to deanrstary. The observed mental workload of technical
personnel is at acceptable level and not suggestedegulation.
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Table 5. Comparison of the staffs for categories

Staffs Academi Administrative Technical
Red Zon 30.0C 27.27 -
Orange Zon 40.0C 36.36 33.33
Yellow Zone 17.5C 27.27 2222
Green Zon 12.5C 9.1C 44,50

According to the results, some ergonomic regulatimnimprove the working conditions of risk posiiso
are proposed. The dimension of these studies imé&ss environment should be intended to workplace
environment, climate effects, lighting, health dbagks, energy need of the human body (Pellegrino,
2011; Hwang et al., 2009; Mathiassen, 2006; Kugeral., 2005), and psycho-sociological problems
(Schermon and Osborn, 2003) of employee.

4. Discussion and Conclusion

The development of computer technology in everyaia@gle the measurement and evaluation of mental
workload more important. In this study, subjectiveasurement methods have been applied for the
measurement of mental workload of the faculty stAHP evaluation was used to evaluate the obtained
results in a hierarchy which contains NASA-TLX, SWAnd MCH methods.

The advantages of the proposed approach were texflein the hierarchy of the workloads of
administrative and technical staff. The largest talloading of both an assistant professor and lekBl
research assistant were acceptable in respece dfitictions of these positions. As a manager irctse
of the administrative staff, faculty secretary dbazk in its category. Technical staff is limited to
laboratory studies of mental load.

In conclusion, the risky groups of the staff aréedmined using an integrated scale value and some
ergonomic regulations are recommended to the Alaffartments at high risk for mental workloads. In
this respect, integrated risk values accordingheorental workload of academic staffs were very hig
and appeared immediately be driven regulations.

Consequently, including the standard balancedidigton of workload among employees in terms of
mental workload will provide some relaxation in gtaff. Job rotation and job enrichment on issweh s
as business expansions are exposed to intenselmerititbad and increasing the motivation of staff.

This study only focused on mental workload. Physiggycho-social and postural evaluations are
excluded from the scope of workloads. Evaluatidres performance of the employees in terms of an
integrated consideration of the mentioned issuastitate the subject of future study.
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