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A FUZZY HUMAN RESOURCE ALLOCATION MODEL IN QUALITY
FUNCTION DEPLOYMENT

SUMMARY

Human resources are considered as the most impadaat of an organization, but
very few organizations are able to fully use itsgmtial. Sophisticated technologies
and innovative practices alone can do very litlenhance operational performance
unless the requisite human resource managemericpsaa@re in place to form a

consistent socio-technical system. For this reasoanufacturing and service

organizations need to carefully evaluate theirtexgshuman resources, and develop
them so that employees can effectively contribudeoperational performance

improvement.

The primary way of building a high performance worke is recruitment and
selection of personnel. The overall aim of theuirent and selection process is to
obtain at minimum cost the number and quality oplayees required to satisfy the
human resource needs of an organization. This eardlized by the prediction of the
future job performance of applicants. Howeversiguite difficult to select the most
suitable person for a certain job unless there edear understanding of the job’s
requirements. By identifying such requirementssipossible to develop selection
procedures that will determine whether a particafg@licant possesses the necessary
and proper characteristics to carry out the taskslved in the job.

The objective of this study is to develop a persbielection model based on Fuzzy
Quality Function Deployment, which provides theemriation of selection processes
with the determination of levels of required persein characteristics. This
integration ensures the exact identification of-jelated criteria and a structured
approach for developing hypotheses about perforerganedictor relationships,
which are involved in the personnel selection dens Linguistic variables and
associated triangular fuzzy numbers are used iprty@osed model for modeling the
vagueness and subjectivity involved in the assessrok the levels of required
personnel characteristics and assessments of apsicowith respect to these
personnel characteristics.

The proposed model has been applied for two remplioblems. The results of these
applications reveal that the proposed model caindisish the candidates accurately
with respect to the characteristics required fa jivb. Also, since decision makers
are not capable of analyzing and synthesizing aasbunt of job and candidate
information judgmentally, the utility of the props model is established.

XV



XVi



KAL ITE FONKSIYONU ACINIMINDA BULANIK INSAN KAYNAKLARI
ATAMA MODEL i

OZET

Insan kaynaklari bir organizasyonun en 6nemli vialkolmasina rgmen cok az
insan bu varfiin potansiyelindentam anlamiyla faydalanabilmekte#iarmaik
teknolojiler, yenilik¢i uygulamalar, istikrarli bsosyoteknik sistemi ofturmak icin
gerekli olan insan kaynaklari uygulamalari olmadaperasyonel performansi
gelistirmek icin cok az katki g#ayabilir. Bu nedenle imalat ve hizmet
organizasyonlari mevcut insan kaynkalarini dikkd#gerlendirmeli ve operasyonel
performansi gejtirmeye katki sglayacak etkin bir katki gdayacak sekilde
gelistirmelidirler.

Yuksek performansli birgiglct olgturmanin ilk yolu personel bulma ve personel
secimidir. Personel bulma ve personel secimininebemaci en az maliyet ile
organizasyonun insan kaynaklari ihtiyaciniskayacak gerekli sayida ve kalitedeki
calisani organizasyona kazandirmaktir. Bu,svoman kgilerin  gelecekteki d
performansini tahmin etmek yoluyla gercelldir. Ancak, is gerekleri acik bir
sekilde belirlenmensi ise, & icin en uygun kiiyi secmek oldukca zor olacaktiks
gereklerinin belirlenmesi ile, herhangi bir adaygh olusturan goérevleri yerine
getirmek icin gerekli olan niteliklere sahip olupmadgini belirleyecek segim
prosedurleri gegtiriimesi mimkuin olacaktir.

Bu calsmanin amaci, personel secim surecini gerekli petsorteliklerinin ve bu
niteliklerin seviyelerinin belirlenme sireciyle egte eden Bulanik Kalite
Fonksiyonu Acilimi temelli bir personel se¢cim madglistirmektir. Bu entegrasyon
ise iliskin kriterlerin d@ru sekilde belirlenmesini ve personel seciminde vamola
performans-tahmin  g@gskenlerine ilgkin  hipotezlerin  planli  bir sekilde
gelistiriimesini salayacaktir. Onerilen modelde, gerekli personel likiterinin
seviyelerinin belirlenmesi ve adaylarin bu nitedild gore dgerlendiriimesi sirasinda
var olan belirsizlik ve subjektifi modellemek amaciyla dilsel gigkenler, ve bu
degiskenlere ilgkin Gggen bulanik sayilar kullaniimaktadir.

Onerilen model iki gercek hayat problemi icin uyauhstir. Bu uygulamalarin
sonucu, onerilen modelin adaylaw,i¢in gerekli niteliklere gore dgu bir sekilde
aylrabildigini ortaya koymugtur. Ayrica, karar vericilerin blyidk miktardakg ve
aday bilgilerinin analiz ve sentezini muhakeme yade gereceklgtirmelerinin
mimkin olmamasindan dolayi, 6nerilen modelin ydrgrkanitlanmg olmaktadir.
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1. INTRODUCTION

Employing adequate numbers of suitably trainedqersl is a problem which faces
many companies today since the nature of work én2ff' century presents many
challenges for staffing. For example, knowledgeedasork places greater demands
on employee competencies; there are widespreadgtaptuc, labor, societal, and
cultural changes creating growing global shortfalls qualified and competent
applicants; and the workforce is increasingly dseerA survey of 33,000 employers
from 23 countries showed that 40% of them hadadliffy in finding and hiring the
desired talent, and approximately 90% of nearly0@,@hanagers indicated talent
acquisition and retention were becoming more diffi¢Axelrod, Handfield-Jones,
and Welsh, 2001). Because talent is rare, valualfigcult to imitate, and hard to
substitute, organizations that better attract, cteland retain this talent should
outperform those that do not (Barney & Wright, 1p98hus, recruitment and
selectionof competent personnel are very significant for dingoing success of any
organization. Although recruitment and selectioa elosely interrelated parts of a
multistage decision process, recruiting activitggemnerate applicants for jobs, and
selection decisions must then be made to choosesuhset of applicants, or the
applicant, most likely to succeed. The overall @ifmthe recruitment and selection
process should be to obtain at minimum cost thebenrnand quality of employees

required to satisfy the human resource needs afdimpany.

This study concentrates on the personnel seleatich is considered as a multi-
criteria decision making problem since it aims atisfy many characteristics required
by new personnel for satisfactory or high perforogarPersonnel selection involves
collecting information about individuals for therpose of determining suitability for
employment in a particular job. This information dellected using one or more
selection devices or methods. The most importampgaty of an assessment method
in personnel selection is its ability to predictue job performance or job-related
learning. However, it is difficult to select the stcsuitable person for a certain job

unless there is a clear understanding of the jodgsiirements in terms of personnel



characteristics. By identifying such requiremeittss possible to develop selection
procedures that will determine whether a particafglicant possesses the necessary
and proper characteristics to carry out the taskslved in the job. Thus, success of
the personnel selection process is dependent obagio processes: determination of
personnel characteristics required to perform dhegnd their levels; and assessment
of candidates. Improvement of these processeseadlllt in improvement of overall
personnel selection process, which means higheatigbree efficiency and higher

consistency in the outcomes.

The assessment of the level of required personmaiacteristics and evaluation of
candidates with respect to these characteristeparformed by a number of people
within the organization and it is well recognizelshtt people’s assessments of
concepts are always subjective and thus impreaisé,the linguistic terms people
use to express their judgments are vague in natisang objective and precise
numbers to represent linguistic assessments d@hmmugh widely applied, not very
reasonable. Because, people spend more mentalieffomking numerical estimates
of the concepts when they are forced to do so. ,Atsmnans are unsuccessful in
making quantitative assessments, whereas they amgparatively efficient in
gualitative evaluations. In essence, human cognprocesses, such as thinking and
reasoning and human communication is inherentlygyuzZ hus, a more rational
approach is to assign fuzzy numbers to linguistsgeasments so that their vagueness

arising from mental phenomena and human commuaitafn be captured.

In the light of above discussions, the objectivetioc study is to develop an

improved personnel selection model which will hédp select the most suitable
person by providing a strong linkage between theitead of the job and

characteristics of selected candidate(s) and; hyolwng the vagueness and
subjectivity inherent in personnel selection preess The proposed model is aimed
to be applicable for both white-collar and bluel&@olpositions and it assumes that
there are a number of candidates applying for acpdar job and a certain number of
candidate(s) is to be selected for the job in gqoestin order to meet these
objectives, the model uses Fuzzy Quality FunctiogplByment (FQFD) as a

framework for integrating the determination of regd personnel characteristics and
final selection processes. The use of FQFD helpsiaeelop hypotheses in a

structured approach about performance-predict@tiosiships tested in a specific



personnel selection problem. More specifically, théonale of using FQFD for

personnel selection is to translate the job consdnth is determined as a result of
job analysis into the personnel characteristics #air levels that new personnel
must have. This is because; employers may notyadsihtify the types and levels of
knowledge, skills and abilities and other charasties that are required to perform
the job at the desired level by considering thegsla whole. However, if they define
the job content at the task level including infotima about tools and technology
used and organizational and work context; they easily translate them into the

personnel characteristics required for the job.

The proposed model also uses fuzzy multi-critegeigion criteria decision making
(FMCDM) methods such as Fuzzy Analytical HierardPrpcess (FAHP) , Fuzzy
TOPSIS (FTOPSIS) and Fuzzy VIKOR (FVIKOR) under BRffamework; and it
allows multiple decision makers in the determimatd personnel characteristics and
final selection processes so that various peopléinvithe organization who are
responsible for; or who are affected by the sadectiecision can be involved in both
phases of the FQFD process. A high predictive pasvire expected outcome of the
model proposed in this study. However, since ddterelated validity, which
involves demonstration of a correlation or othetistical relationship between the
performance of the selected candidate(s) in theseoof selection process and their
future job performance, requires a longitudinalexilon of actual job performance

data of selected individuals, it is beyond the gscofothis study.

The organization of the study is as follows. In Qiiea 2, an overview of personnel
selection problem will be given, and performanceasuees related to the personnel
selection practices will be introduced. In Cha@econcepts about job performance,
its dimensions and variables associated with ptiediche different facets of job
performance will be given. In Chapter 4, basics$uaty logic, fuzzy sets and fuzzy
numbers will be given. Also, FQFD, and FMCDM methodsed in this study,
namely, FAHP, FTOPSIS and FVIKOR, will be introddcélso, previous research
about fuzzy personnel selection models will be sammed. In Chapter 5, the
proposed personnel selection model will be expthinadetail and its application for
two real-life problem will be presented. In Chapéerthe study will be summarized
and conclusions will be depicted. The overall dbation of the study will be

discussed and recommendations for future reseatchanmade.






2. PERSONNEL SELECTION PROBLEM

Building a high performance workforce certainlyrtgawith hiring new personnel.
Two main hiring phases can be distinguished (Sgar€i2.1): the attraction phase
and the selection phad&chneider, 1995). Both consist of a planning and a
execution part. The planning part determines theral strategy and concrete
measures to attract qualified employees as wethasspecific selection methods.
The execution part consists of two main groups aiviies. Employer branding
comprises all long-term marketing measures interfdeestablishing an attractive
employer image and, thus, indirectly attracting ldjed candidates. Personnel

attractionaims at generating applications for open job pos#i

Attraction phase Selection phase
; D ination of . .
Planning ¢ ctermination of target Defining the requirements
Activities groups

Determination of
appropriate selection
methods

e  Design of measures to
attract or directly approach
candidates from target group

Execution e  Employer branding .
e . . e  Pre-screening
Activities e  Attraction of direct . .
N e  Final selection
applications

Applicant management

Figure2.1: Phases of new personnel hiring process (Schndi€leg).

The execution part of selection phase typicallytstaith the screening of resumes
and other submitted application documents (e.tereaces, certificates). This step is
called pre-screening or pre-selection. Candidagespreening refers to the initial
evaluation of candidate qualifications. The purp@sé reduce a potentially large
candidate pool to a more manageable number thatbeaprogressed to more
rigorous assessment phases. In today’s job markbtjebs relatively scarce and

large numbers of available candidates, it is hidikgly that efficient pre-screening

becomes more critical.



Pre-screening of the candidates is based on thatifidation of the minimum
qualifications required to perform the job. Minimwqualifications (MQs) are among
the most common selection procedures used in bathptivate and public sectors
(Ash, Johnson, Levine, and McDaniel, 1989; Gatewand Feild, 2001; Levine,
Maye, Ulm, and Gordon, 1997; Summerlin and Prie999). Organizations may
choose varying forms or types of MQs, such as besled systems or education and
experience statements in order to initially screg@plicants before they progress
further into selection systems that may includéstes interviews. MQs are typically
characterized by a focus on a lower threshold ofiesattribute (e.g., education or
experience) needed to succeed on a given job. édtmdhere may be differences in
the definition and operationalization of MQs, theften serve as a device to
realistically limit the number of candidates renmagn in the selection process
(Gibson and Prien, 1977; Johnson, 2001; Levind.e1897). The final selectioof
candidates is then conducted with the set of catelsdthat has not been filtered out
during pre-screening. Finally, applicant managemsentes as a supporting function.
It includes the communication with applicants, #tministration of applicant data
and internal processes such as forwarding appitaitio the members of the

organization involved in the selection decision.

Although both are closely interrelated parts of @tistage decision process, recruiting
activities generate applicants for jobs, and seleafecisions must then be made to
choose the subset of applicants, or the applioaodt likely to succeed. The process of
personnel selection involves collecting informatabyout individuals for the purpose
of determining suitability for employment in a pamiar job. This information is
collected using one or more assessment tools t&wdsch will be discussed further
in detail in the following sections. There will mases in which a test score or
procedure will predict someone to be a good wonkéig, in fact, is not. There will
also be cases in which an individual receivingwa $core will be rejected, when he
or she would actually be a capable and good wofkech errors in the assessment
context are called selection errors. Selectionrercannot be completely avoided in
any assessment program. An employment test is denmesl to be successful if the

following can be said about it:



1. The test measures what it claims to measureistently or reliably. This means
that if a person were to take the test again, émeqm would get amilar test score.

2. The test measures what it claims to measurevelmal; it measures is job-relevant
so that future job performance of the candidatesbmapredicted based on their test

performance.

The degree to which a test has these qualitiesndscated by two technical

properties: reliability and validity.

2.1. Test Reliability

Reliability refers to how dependably or consistently a testsomes a characteristic.
A test that yields similar scores for a person wdmeats the test is said to measure a
characteristic reliably. Reliable assessment tpadduce dependable, repeatable, and
consistent information about people. In order tcaniegfully interpret test scores
and make useful employment or career-related aersiwe need reliable tools. To
evaluate a test’s reliability, we should consider type of test, the type of reliability

estimate reported, and the context in which thievidsbe used.

Test-retest reliability indicates the repeatabilitiytest scores with the passage of
time. This estimate also reflects the stabilitythod characteristic or constructs being
measured by the test. However, some constructgnare stable than others. For
example, an individual’'s reading ability is moralde over a particular period of
time than that individual's anxiety level. Theredomwe would expect a higher test-
retest reliability coefficient on a reading tesarthwe would on a test that measures
anxiety. For constructs that are expected to vagr time, an acceptable test-retest

reliability coefficient may be lower.

Alternate or parallel form reliabilitindicates how consistent test scores are likely to
be if a person takes two or more forms of a testigh parallel form reliability
coefficient indicates that the different forms béttest are very similar which means
that it makes virtually no difference which versiohthe test a person takes. On the
other hand, a low parallel form reliability coeféat suggests that the different forms
are probably notomparable; they may be measuring different thenys therefore

cannot be used interchangeably.



Inter-rater reliability indicates how consistengttecores are likely to be if the test is
scored by two or more raters. On some tests, rataiate responses to questions
and determine the score. Differences in judgmemisng raters are likely to produce
variations in test scores. A high inter-rater tality coefficient indicates that the
judgment process is stable and the resulting s@eeseliable. Inter-rater reliability
coefficients are typically lower than other typdgaliability estimates. However, it
is possible to obtain higher levels of inter-ratrabilities if raters are appropriately

trained.

Internal consistency reliability indicates the ewtéo which items on a test measure
the same thing. A high internal consistency religbcoefficient for a test indicates
that the items on the test are very similar to eatbler in content (homogeneous). It
is important to note that the length of a test afiact internal consistency reliability.

For example, a very lengthy test can seeminglaiafthe reliability coefficient.

Test reliability is important for selecting the magpropriate test for personnel
selection. However, reliability is not the only ¢jtyaindicator for a personnel
selection procedure. Sound recruitment practicgsire a tangible link between the
method of assessment used in the recruitment @oaed its ability to predict future
job performance. That is, the assessment methodgharh the selection decisions
are based need to have strong predictive validibe ability to predict future job
performance is demonstrated by the correlation éetwscores on the assessment
instrument and some measure(s) of job performaand, is termed the validity
coefficient. The greater predictive validity an essment method has, the greater its
ability to determine how well the candidate is kéo perform on the job. In the

following section validity issue will be explain@d more detail.

2.2. Test Validity

Validity is the most important consideration in deping and evaluating selection
procedures. Validity evidence indicates that these linkage between test
performance and job performance. It can tell whay ilme concluded or predict about
someone from his or her score on the test. If altas been demonstrated to be a
valid predictor of performance on a specific jobe wan conclude that persons
scoring high on the test are more likely to perfavell on the job than persons who

score low on the test, all else being equal. Vilidiso describes thiegree to which
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we can make specific conclusions or predictionsutipeople based on their test
scores. In other words, it indicates the usefulrefsthe test. In addition, a test's
validity is established in reference to a spegficpose; the test may not be valid for
different purposes. For example, the test whiclised to make valid predictions
about someone’s technical proficiency on the joly mat be valid for predicting his
or her leadership skills or absenteeism rate.

It is important to understand the differences betweliability andvalidity. Validity
will show how good a test is for a particular sitom; reliability will reveal how
trustworthy a score on that test will be. We cardratv valid conclusions from a test
score unless we are sure that the test is religvien when a test is reliable, it may

not be valid.

There are three methods for conducting validattadiss. These are criterion-related
validation, content-related validation and congtretated validation. These three
methods of validation should be used to providéedasibn support depending on the
situation. These three general methods often qvealad, depending on the situation,

one or more may be appropriate.

2.2.1. Criterion-related validity and criterion development

Criterion-related validatiorequires demonstration of a correlation or othatistical
relationship between test performance and job pmdace. In other words,
individuals who score high on the test tend to quenf better on the job than those
who score low on the test. If the correlation ighjiit can be said that the test has a
high degree of validation support, and its use asekection tool would be
appropriate. The criterion-related validitf a test is measured by the validity
coefficient. It is reported as a number betweennd 4.00 that indicates the
magnitude of the relationship between the test amdeasure of job performance
(criterion). The larger the validity coefficienhd more confidence we can have in
predictions made from the test scores.

Personnel selection procedures are used to prediice performance or other work
behavior. Evidence for criterion-related validiyypically consists of a demonstration
of a relationship between the results of a selagiiamcedure (predictor) and one or
more measures of work-relevant behavior or worlkcauies (criteria). The choice of



predictors and criteria should be based on an gtateding of the objectives for test

use, job information, and existing knowledge regaydest validity.

Criteria should be chosen on the basis of work veelee, freedom from
contamination, and reliability rather than availi This implies that the purposes
of the validation study are (a) clearly stated, gbpportive of the organization’s
needs and purposes, and (c) acceptable in thel smuih legal context of the
organization. The researcher should not use @itemeasures that are unrelated to

the purposes of the study to achieve the appeaddread coverage.

Criteria should represent important organizatiom@im, and individual outcomes
such as work-related behaviors, outputs, attitudesperformance in training, as
indicated by a review of information about the wofkriteria need not be all-
inclusive, but there should be clear rationaleitigkthe criteria to the proposed uses

of the selection procedure.

Criteria can be measures of overall or task-speoiork performance, work
behaviors, or work outcomes. Depending upon thekwming studied and the
purposes of the validation study, various criteyich as a standard work sample,
behavioral and performance ratings, success in naevant training, turnover or
rate of advancement may be appropriate. Regardleshe measure used as a

criterion, it is necessary to ensure its relevanocgork.

Criteria should be free from contamination. A giiea measure is contaminated to
the extent that it includes extraneous, systemaditance. Examples of possible
contaminating factors include differences in thaldqu of machinery, unequal sales
territories, raters’ knowledge of predictor scojeb, tenure, shift, location of the job,

and attitudes of raters. While avoiding complet@yy even knowing) all sources of
contamination is impossible, efforts should be maeninimize their effects. For

instance, standardizing the administration of theemon measure minimizes one
source of possible contamination. Measurement afiesgcontaminating variables
might enable the researcher to control statisyidalt them; in other cases, special
diligence in the construction of the measuremeatgdure and in its use may be all

that can be done.
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Criteria should also be free from deficiency. Aterion measure is deficient to the
extent that it excludes relevant, systematic vaeanFor example, a criterion
measure intended as a measure of overall work npeafoce would be deficient if it

did not include work behaviors or outcomes criticajob performance.

Criteria should also be unbiased. Criterion biasyistematic error resulting from
criterion contamination or deficiency that diffeta@ally affects the criterion
performance of different subgroups. The presen@bsence of criterion bias cannot
be detected from knowledge of criterion scoresal@ndifference in criterion scores
of older and younger employees or day and night slurkers could reflect bias in
raters or differences in equipment or conditions,tlee difference might reflect
genuine differences in performance. The possibibfy criterion bias must be
anticipated. The researcher should protect aghiastin so far as is feasible and use

professional judgment when evaluating the data.

2.2.2. Content-related validity and design of content-based strategies

Evidence for content-related validity typically @ists of a demonstration of a strong
linkage between the content of the selection preedand important work
behaviors, activities or outcomes on the job. Thkage also supports construct
interpretation. When the selection procedure iggies explicitly as a sample of
important elements in the work domain, the valoattudy should provide evidence
that the selection procedure samples the impovtark behaviors, activities, and/or
employee’s characteristics expressed in terms ofvledge, skills, abilities and
others (KSAOs) necessary for performance on theifojob training, or on specified

aspects of either.

The characterization of the work domain should asebl on accurate and thorough
information about the work including analysis of nwdbehaviors and activities,

responsibilities of the job incumbents (job holdeend/or the KSAOs prerequisite
to effective performance on the job. In additiomficition of the content to be

included in the domain is based on an understanafirige work, and may consider
organizational needs, labor markets, and othepfad¢hat are relevant to personnel
specifications and relevant to the organizationlsppses. The domain need not
include everything that is done on the job. Thesaesher should indicate what

important work behaviors, activities, and workerAC are included in the domain,
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describe how the content of the work domain isdohko the selection procedure, and
explain why certain parts of the domain were oremeot included in the selection

procedure.

The process of constructing or choosing the seleqgtrocedure requires sampling
the work content domain. Not every element of therkwdomain needs to be
assessed. Rather, a sample of the work behavirgitias, and worker KSAOs can
provide a good estimate of the predicted work perémce. Sampling should have a
rationale based on the professional judgment ofékearcher and a job analysis that
details important work behaviors and activitiespartant components of the work
context, and KSAOs needed to perform the work. Ramdampling of the content of

the work domain is usually not feasible or appraigri

2.2.3. Construct-related validity

People differ on many psychological and physicarahbteristics. In testing, these
characteristics are called construdior example, people skillful in verbal and
mathematical reasoning are considered high on @hstct mental abilityThose
who have little physical stamina and strength ateeclled low on the constructs
endurance and physical strengt@ionstructscan be used to identify personal
characteristics and to sort people in terms ofdlamracteristics. Constructs cannot
be seen or heard, but we can observe their eftecisther variables. For example,
we do not observe physical strength but we canrebgeeople with great strength
lifting heavy objects and people with limited sigém attempting, but failing, to lift
these objects. Such differences in characterisdit®ng people have important
implications in the employment context. Constredated validationrequires a
demonstration that the test measures the constnuaharacteristic it claims to
measure, and that this characteristic is importarguccessful performance on the
job. This method often pertains to tests that magasuare abstract traits of an
applicant.

2.3. Generalizing Validity Evidence

Sometimes, sufficient accumulated validity evideney be available for a selection
procedure to justify its use in a new situationhweiit conducting a local validation
research study. In these instances, use of thetisglgprocedure may be based on

12



demonstration of the generalized validity inferené@®m that selection procedure,
coupled with a compelling argument for its applitabto the current situation.

Although neither mutually exclusive nor exhaustiveeveral strategies for
generalizing validity evidence have been delinegi@dtransportability, (b) synthetic

validity/job component validity, and (c) meta-artayalidity generalization.

2.3.1. Transportability

One approach to generalizing the validity of infexes from scores on a selection
procedure involves the use of a specific selegiimtedure in a new situation based
on results of a validation research study conduetsewhere. This is referred to as
demonstrating the “transportability” of validity ieence for the selection procedure.
When proposing to “transport” use of a procedureaweeful review of the original
validation study is warranted to ensure acceptghif the technical soundness of
that study and to determine its relevance to the sduation. Key points for
consideration when establishing the appropriateregssransportability is, most
prominently, job comparability in terms of contemt requirements, as well as,

possibly, similarity of job context and candidateup.

2.3.2. Synthetic validity/job component validity

A second approach to generalizing the validityrdéiences based on scores from a
selection procedure is referred to as syntheti@glor job component validity. A
defining feature of synthetic validity/job compomealidity is the justification of the
use of a selection procedure based upon the deratatsvvalidity of inferences from
scores on the selection procedure with respechéoon more domains of work (job
components). Thus, establishing synthetic valigity/component validity requires
documentation of the relationship between the sele@rocedure and one or more
specific domains of work (job components) withirsiagle job or across different
jobs. If the relationship between the selectiorcpdure and the job component(s) is
established, then the validity of the selectioncpdure for that job component may

be generalizable to other situations in which ttegomponents are comparable.

2.3.3. Meta-analysis

Meta-analysis is a third procedure and strategy ¢ha be used to determine the
degree to which predictor-criterion relationshipg apecific to the situations in
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which the validity data have been gathered or areernlizable to other situations, as
well as to determine the sources of cross-situatemmbility (Aguinis and Pierce,
1998). Meta-analysis requires the accumulationnafiigs from a number of validity
studies to determine the best estimates of theigioeetriterion relationship for the

kinds of work domains and settings included inghalies.

While transportability and synthetic validity/jolormponent validity efforts may be
based on an original study or studies that estaltis validity of inferences based on
scores from the selection procedure through a obtihi@sed and/or a criterion-
related strateg meta-analysis is a strategy that only can be agppptie€ases in which

the original studies relied upon criterion-relagaddence of validityThe question to

be answered using a meta-analytic strategy is ehdtie valid inferences about
work behavior or job performance can be drawn famedictor scores across given

jobs or job families in different settings.

Professional judgment in interpreting and applyiihg results of meta-analytic
research is important. Researchers should conglidemeta-analytic methods used
and their underlying assumptions, the tenabilityhef assumptions, and artifacts that
may influence the results (Bobko and Stone-Romd@98; Raju, Anselmi,
Goodman, and Thomas, 1998; Raju et al., 1991; Ragppas, and Williams, 1989).
In evaluating meta-analytic evidence, the researdt®uld be concerned with
potential moderators to the extent that such maderavould affect conclusions
about the presence and generalizability of validilysuch cases, researchers should
consider both statistical power to detect such maides and/or the precision of
estimation with respect to such moderators. In tewdi the researcher should
consider the probabilities of both Type | and Typeecision errors (Oswald and
Johnson, 1998; Sackett, Harris, and Orr, 1986).0Rgfhat contribute to the meta-
analytic research results should be clearly idewtifand available. Researchers
should consult the relevant literature to ensuat the meta-analytic strategies used
are sound and have been properly applied, thatagigropriate procedures for
estimating predictor-criterion relationships on tiesis of cumulative evidence have
been followed, that the conditions for the applmatof meta-analytic results have
been met, and that the application of meta-anatgireclusions is appropriate for the
work and settings studied. The rules by which #searchers categorized the work

and jobs studied, the selection procedures usedjdfinitions of what the selection
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procedure is measuring, the job performance catarsed, and other study
characteristics that were hypothesized to impaetstudy results should be fully

reported.

The quality of the individual research studies &m&lr impact, if any, on the meta-
analytic conclusions and their use also shouldrifermed by good professional
judgment (Guion, 1998; Law, Schmidt, and Hunter94 1994b). Note that sole
reliance upon available cumulative evidence mayh®osufficient to meet specific
employer operational needs such as for the placememmployees or for the
optimal combination of procedures. Consequentlgitamhal studies and data may
be required to meet these specific needs. If suotlies are not feasible in an

organization, researchers and employers may engag®perative studies.

2.4. Other Quality Determinantsin Personnel Recruitment and Selection

Several psychologists, notably Taylor and Russ#&839), Brogden (1946) and
Cronbach (1960) have shown that assessing the vhlaeselection device only by
means of the correlation between the test andritezion does not always lead to the
best judgment of the usefulness of the test. Tagid Russell pointed out the

importance of the "selection ratio" or the relatiwenber of individuals to be hired.

The selection ratio is expressed as a number fr@o01.0 and represents the ratio
of the number of individuals to be hired to the fn@mof applicants. For example, if
25 individuals are needed to fill positions and 1iB@ividuals apply for those
positions, then the selection ratio is 25 + 150L&7.— a fairly favorable selection
ratio (from the employer’s point of view). The heghthe selection ratio (closer to
1.0) the less selective one can be in the hiriraggss; and the lower the selection
ratio the greater the gain in the utility (i.eanslation of validity into dollar value

terms) of the selection system (Gatewood and F2@ay).

In addition to considerations regarding test validind selection ratio, tests are most
useful when they allow for selection decisions tirahimize selection errors and
avoid adverse impact. Selection errors occur whemple who are hired do not meet
performance standards (i.e., false positives) cenvypeople are not hired but could
have met performance expectations (i.e., falsetivega (Cascio and Aguinis, 2005).
Adverse impact is usually operationalized as arafi two selection ratios (SRs)
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(Biddle, 2005; Bobko and Roth, 2004). Thus advargeact is SFl?/SRz, where Slf
and SF§ are the number of applicants selected divided gy thtal number of

applicants for the minority and majority groups agplicants, respectively. It is
desirable that adverse impact be as close to 1fossible (e.g., for sex, similar

selection ratios for men and women).

2.5. Costs of Recruitment and Selection

Presumably, also, it is always desirable to perfsaiection process with minimum
cost. Some assessment and selection methods inwvlek higher costs to develop
and administer than others. The cost of recruitiegends on a number of variables,
the most obvious two being the availability of widuals having the minimum
gualifications required for the job and the numbkmdividuals needed for that job.
Although it is desirable to test many more indiattuthan there are positions to be
filled, this advantage can be offset by the inoedasost of testing. Depending upon
the cost of testing and the savings to be realm®etliring more productive people,

this factor can sometimes be of considerable inanoH.

Another cost factor that human resources (HR) psabmals need to consider is
whether the organization desires to use a comnigr@aailable assessment or
prefers to develop its own customized assessm@dR Iprofessionals choose to use
a commercially available assessment, they will némdenter into a licensing
agreement with the test publisher, and the orgéoizawill be charged either for
each use of the test or for the duration of timeetést is used. The advantages of a
commercially available assessment are that it saially be implemented quickly, it
is typically maintained and updated by the publisheer time, and the data usually
continue to be amassed across the different orgtmis using the assessment. The
most important disadvantage of commercially avédla@assessments is that licensing
agreements can be expensive. If an organizatiomesido use a commercially

available assessment, it is important to identifgt ase a reputable test publisher.

In addition to the costs mentioned above, thereeaogmous costs to an organization
of consistently hiring employees who do not perfaffectively or who leave the
organization after investments have been madeainitig them. Even the highest

development and administration costs generally mrenmsignificant in comparison
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to the costs associated with unproductive or uressfal employees. Furthermore,
implementation of effective assessment proceduassbieen shown to result in very
substantial productivity and revenue increases adl \@s cost savings for
organizations. Therefore, it is important not ohdy consider the costs associated
with developing and administering effective asses#s) but also to see these
investments in light of the financial and other &fts that will be gained.

2.6. Assessment Tools and M ethods

Employees and applicants vary widely in their knexlge, skills, abilities, interests,
work styles, and other characteristics. These mdiffees systematically affect the
way people perform or behave on the job but theyrmt necessarily apparent by
simply observing the employee or job applicant. f€sionally developed

employment tests and procedures that are used rafpa planned assessment
program may help selecting and hiring more qualifend productive employees
especially when they are used in combination. Hpgroach will help reduce the
number of selection errors and boost the effecdssnof decision making. The
candidate information can be collected using onemore assessment tools or

methods, which are categorized below.

2.6.1. Mental and physical ability tests

When properly applied, ability tests are among mhest useful and valid tools
available for predicting success in jobs and trgjnacross a wide variety of
occupations. Ability tests are most commonly used dntry-level jobs, and for
applicants without professional training or advahdegrees. Mental ability tests are
generally used to measure the abilty learn and perform particular job
responsibilities. General ability testgpically measure one or more broad mental
abilities, such as verbal, mathematical, and reagomskills. These skills are
fundamental to success in many different kindsobfj especially where cognitive
activities such as reading, computing, analyzingca@ammunicating are involved.
Soecific ability tests include measures of distinct physical and mentditials, such
as reaction time, written comprehension, mathemlatieasoning, and mechanical

ability, which are important for many jobs and qgations. For example, good
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mechanical ability may be important for successauto mechanic and engineering
jobs; physical endurance may be critical for fighting jobs.

2.6.2. Achievement tests

Achievement tests, also known as proficiency teais,frequently used to measure
an individual’'s current knowledge or skills thaeamportant to a particular job.
These tests generally fall into two formaksiowledge tests and work-sample or
performance tests. Knowledge tesfgically involve specific questions to determine
how much the individual knows about particular jtasks and responsibilities.
Traditionally they have been administered in a pame-pencil format, but
computer administration is becoming more commomwladge tests tend to have
relatively high validity. Work-sample or performantestsrequire the individual to
actually demonstrate or perform one or more joksa¥hese tests generally show a
high degree of job-relatedness. For example, aricapp for machine repairman
position may be asked to diagnose the problem avitalfunctioning machine. Test
takers generally view these tests as fairer thaerdypes of tests. However, they can

be expensive to develop and administer.

2.6.3. Biodata inventories

Biodata inventories are standardized questionnattest gather job-relevant
biographical information, such as amount and tyjpgchooling, job experiences, and
hobbies. They are generally used to predict jobteaiding performance, tenure, and
turnover. They capitalize on the well-proven notitiat past behaviois a good
predictor of future behavior. Some individuals nmighovide inaccurate information
on biodata inventories to portray themselves asgomiore qualified or experienced
than they really are. Internal consistency checkecking for consistent responses to
items of similar content) can be used to detecttindrethere are discrepancies in the
information reported. In addition, reference chegkd resumes can be used to verify

information.

2.6.4. Employment interviews

The employment interview is probably the most comiyjaised assessment tool.
The interview can range from being totally unplahnéhat is, unstructured, to
carefully designed beforehand, that is, complesgiyctured. The most structured
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interviews have characteristics such as standatdjpestions, trained interviewers,
specific question order, controlled length of tined a standardized response
evaluation format. At the other end of the spectramcompletely unstructured

interview would probably be done with untrainedemviewers, random questions,
and with no consideration of time. A structureceimitew that is based on an analysis
of the job in question is generally a more validdictor of job performance than an

unstructured interview.

2.6.5. Personality inventories

In addition to abilities, knowledge, and skills,bjsuccess also depends on an
individual's personal characteristics. Personalityentories designed for use in
employment contexts are used to evaluate such aasiics as motivation,
conscientiousness, self-confidence, or how welemployee might get along with
fellow workers. Research has shown that, in cerssunations, use of personality
tests with other assessment instruments can yadut predictions.

2.6.6. Honesty and integrity measures

Honesty tests are a specific type of personalgy, fEhere has been an increase in the
popularity of honesty and integrity. Honesty antegnity measures may be broadly
categorized into two types. Overt integrity tegéaige involvement in and attitudes
toward theft and employee delinquency. Test iteypgcally ask for opinions about
frequency and extent of employee theft, leniencyemerity of attitudes toward theft,
and rationalizations of theft. They also includeedi questions about admissions of,
or dismissal for, theft or other unlawful activitie Personality-based measures
typically contain disguised-purpose questions toggaa number of personality traits.
These traits are usually associated with a broageraf counterproductive employee
behaviors, such as insubordination, excessive #dxsiem, disciplinary problems,

and substance abuse.

All honesty and integrity measures have apprecipldeiction errors. To minimize
prediction errors, thoroughly follow up on poor-8og individuals with retesting,
interviews, or reference checks. In general, intggneasures should not be used as

the sole source of information for making employbtdgrcisions about individuals.
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2.6.7. Education and experience requirements

Most jobs have some kind of education and expegierquirements. For example,
they may specify that only applicants with high@alhdegrees or equivalent training
or experience will be considered. Such requiremargsnore common in technical,
professional, and higher-level jobs. Certain licegs certification, and education
requirements are mandated by law. This is donestdyvminimum competence and

to protect public safety.

2.6.8. Recommendations and reference checks

Recommendations and reference checks are often tsederify education,

employment, and achievement records already prdviethe applicant in some
other form, such as during an interview or on aimes or application form. This is
primarily done for professional and high-level jod$ese verification procedures
generally do not help separate potentially goodkexs from poor workers. This is
because they almost always result in positive tepddowever, use of these
measures may provide an incentive to applicantdodomore honest with the

information they provide.

2.6.9. Assessment centers

In the assessment center approach, candidateseaszaly assessed with a wide
variety of instruments and procedures. These cowdlide interviews, ability and
personality measures, and a range of standardizadagement activities and
problem-solving exercises. Typical of these addgitand exercises are in-basket
tests, leaderless group discussions, and rolegiaycises. Assessment centers are
most widely used for managerial and high level fpms$ to assess managerial

potential, promotability, problem-solving skillsyéddecision-making skills.

2.6.10. Medical examinations

Medical examinations are used to determine if agercan safely and adequately
perform a specific job. Medical exams may also lzet pf a procedure for
maintaining comprehensive employee health and ysgikins. In some limited
circumstances, medical exams may be used for dugjuamployee requests for

reasonable accommodation for disabilities.
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2.7. Chapter Summary

This chapter introduces the phases of the pers@ahedtion problem and the various
criteria for performing a successful personnel ugirent and selection process. A
personnel selection process is said to be suctatsifie reliability and validity of
the selection process is high; and overall cosetdction for the organization is low.
Various types of reliability and validity have beexplained throughout this chapter.
Reliability is about the consistency of the selmttiprocedure in terms of its
outcomes. More specifically, reliability is the pedbility to get the same outcome,
i.e. selecting the same candidate(s), when the saheetion procedure is repeated
with the same candidate. Criterion-related valmatrequires demonstration of a
correlation or other statistical relationship betwetest performance and job
performance. In other words, individuals who sdaigh on the test tend to perform
better on the job than those who score low on ¢sé Evidence for content-related
validity typically consists of a demonstration o$taong linkage between the content
of the selection procedure and important work beiray activities or outcomes on
the job. Construct-related validatioequires a demonstration that the test measures
the construct or characteristic it claims to measand that this characteristic is
important to successful performance on the job.

Selection ratio is also an important factor in pereel selection processes. It is the
ratio of the number of individuals to be hired lbe humber of applicants. The higher
the selection ratio the less selective a decisiakancan be in the hiring process,
and inversely, the lower the selection ratio, thererbenefit or utility we get from a

personnel selection system.

The benefit provided by a personnel selection systhould not be measured only
by its predictive power. Some assessment methodsviem much higher costs to
develop and administer than others. In-house dpusot of a selection system
typically requires involving job experts working icollaboration with test
development experts to design the exercises anthggarotocols. The other option
is to use commercially available selection toolsclwhrequire a licensing agreements
with the test publishers and the organization ballcharged either for each use of the
test or for the duration of time the test is us&dministration of a selection test is

also a cost factor in the personnel selection m®calthough it is desirable to test
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many more individuals than there are positions ddfilled, this advantage can be
offset by the increased cost of testing due tofdledities, tools and materials used

and cost of evaluation and scoring of the candglate

If the decision-maker can select the best candidatieout applying a particular
selection procedure, then that selection procedare be avoided due to costs
associated with that procedure. This may be duéh¢éohigh selection ratio in
personnel selection process in which case a sogieti selection system will
provide no utility. Also, it may be due to a casbene one of the candidates
dominates the others with respect to selectioereait However, this occurs with less
probability compared to the former case since aspreening process eliminates the

candidates who have little chance to be a winner.

Based upon these discussions, this study propas@smoved personnel selection
model which, in the first place, aims increasing ttontent-related and criterion-
related validities by integrating job analysis ms& with the personnel selection
process under FQFD framework. Thus, identificattbiKSAOs required for the job

and their importance weights are obtained such they meet all performance
requirements of the job in question. The proposethod also provides an increase
in test reliability since it provides a systema@pproach to the design and
administration of the selection procedure. Howeweithout understanding the
multidimensional nature of individual performantiee decision makers may not be
able to develop personnel selection hypotheseshwhatude performance-predictor
relationships. Thus, the following chapter reve#ie definition of individual

performance, its components and accepted predidfoteese components in the

personnel selection and individual performanceditge.
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3. JOB PERFORMANCE AND PERSONNEL SELECTION

Personnel selection is the process of selecting &mopool of applicants those who
are likely to perform better on the job comparedhose not selected. In order to
discriminate the applicants who are likely to peridetter, the decision maker must
be aware of generic and job-specific componentgeoformance so that personnel
selection hypotheses about performance-prediclatioaship covering the entire job
content can be developed. Thus, the definition\artbus dimensions of individual

job performance and their predictors will be disadsin this chapter.

3.1. Definition and Taxonomies of Job Performance

Job performance is defined as the total expectéduevi@ the organization of the
discrete behavioral episodes that an individuali€sout over a standard period of
time (Motowidlo, Borman, and Schmit, 1997). Authowsgree that when
conceptualizing performance one has to differemtibetween an action (i.e.,
behavioral) aspect and an outcome aspect of peafwwen (Campbell, 1990;
Campbell, McCloy, Oppler and Sager, 1993; Kanfeéd9Q Roe, 1999). The
behavioral aspect refers to what an individual doethe work situation. Not every
behavior is subsumed under the performance conbeptonly behavior which is
relevant for the organizational goals: “Performaisc&hat the organization hires one
to do, and do well” (Campbell et al., 1993). Moregvonly actions which can be
scaled, i.e., measured, are considered to comsttetformance (Campbell et al.,
1993). The outcome aspect refers to the consequemoesult of the individual’s
behavior. Results such as numbers of engines ats#nslales figures or number of
customers served may be the examples of outcormpestas performance.

Campbell, McHenry, and Wise (1990) modeled jobgrenbince in a set of 19 entry-
level Army jobs and found support for five perfomea factors. These factors
include actions and behaviors that relate to cotmglgasks, working with others,
and maintaining personal discipline. Together, ¢hiegtors represent a broad range

of behaviors that contribute to the goals of thétamy. Although these components
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were derived from entry-level Army jobs, they ailkeely to generalize to jobs in
other fields as well.

Unlike the model proposed by Campbell, McHenry, &de (1990), which was
intended to model the performance of entry-levehpiobs, this model is intended
to be more comprehensive and inclusive of all jdlistphy (1989) proposed a four-
category scheme to model a large group of jobsenNavy (See Table 3.1). These
categories were derived from a set of organizatigoals in the Navy. Rotundo
(2000) explains that task performance as defineMbsphy is similar to Campbell’s
core technical proficiency and Job-specific taslofiprency in that all three
incorporate task behaviors. Similarly, destructreeardous behaviors and down-
time behaviors reflect the negative pole of CamifgbBlrsonal discipline. These two
components of Murphy represent behaviors that mtevbe individual from

accomplishing tasks or prevent the organizatiomfazhieving its goals.

The previous discussion focused on jobs in germrabbs in the Army or Navy.
Borman and Brush (1993) modeled the job performaotemanagers. More
specifically, they proposed taxonomy of 18 managgserformance requirements,
which they further grouped into four categoriese3d four categories also represent
task, interpersonal, and deviant behaviors. Hu89§) analyzed supervisory ratings
of non-task elements in a variety of hourly, enayel jobs. He chose to focus on
non-task elements because of the perception thatyhentry-level jobs require a
low level of job-specific knowledge, skills, andilgkes. Hunt (1996) defines generic
work behaviors as “behaviors that influence thdquarance of virtually any job”.
Exploratory and confirmatory factor analyses of eusory ratings revealed nine
categories. Although these dimensions do not ircltask behaviors, they do
represent the interpersonal and deviant behawidrigh are consistent with the other

models of job performance.
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Table 3.1: A summary of efforts to describe the domain of patsformance
(Rotundo and Sackett, 2002).

Author Components Description

Accomplishment of duties and
responsibilities.
Cooperating; communicating;

Task performance.

Interpersonal relations.

Murphy (1989) exchanging job-related information.
Destructive or hazardous Violating security and safety;
behaviors. destroying equipment, accidents.
Down-time behaviors. Substance abuse; illegaVitiets.
Job-specific task proficiency. Core technical task
Non-job-specific task Tasks not specific to a given job.
proficiency.

\Written and oral communication[Preparing written materials or
proficiency. giving oral presentations.

Exerting extra effort; willing to
work under adverse conditions.
Campbell (1990) S ... |Avoid negative or adverse
Maintaining personal discipline. .
behaviors (e.g., substance abuse).
Facilitating peer and team Support and assist peers;
performance. reinforce participation.

Influence; setting goals; rewarding
and punishing.

Demonstrating effort.

Supervision and leadership.

Organize people and resources;

Management and administration), . )
monitor progress; problem-solve.

Planning; demonstrating technical
proficiency; administration.

Leadership and supervision. Guiding; directing; motivating;

coordinating.
Borman and Brusl = —
Communicating; maintaining a good
(1993) . - > .
Interpersonal dealings. organizational image and working

relationships.

\Working within the guidelines and
boundaries of the organization.

Technical activities.

Useful personal behavior.

Adherence to confrontational rules
Industriousness

Thoroughness

Schedule flexibility

Attendance

Off-task behavior

Unruliness

Theft

Drug misuse

Generic Work

Hunt (1996) Behaviors

As a result of these discussions, job performarare e described by three broad
categories of behaviors, which are subsequentl\eléab task, organizational

citizenship, and counterproductive performance. fliisé category reflects behaviors
that are consistent with performing duties and oesjbilities. The second domain,

organizational citizenship, includes behaviors thate clearly related to
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organizational goals in a positive way but do netessarily contribute to the core
functioning of the organization (e.g., exerting oefff maintaining professional
relationships, and supporting and helping othérgg third category or domain is
counterproductive behavior. It represents negdigfeaviors that can harm the well-
being of the organization or coworkers (e.g., salst abuse, absenteeism, tardiness,
theft). The following sections review research altbese components in an attempt
to provide a more refined definition of each comgrnand to devise a list of

behaviors that comprise each performance component.

3.2. Task Performance

According to Borman and Motowidlo (1993) task pemfance is the proficiency
with which job incumbents perform activities tha¢ dormally recognized as part of
their jobs; activities that contribute to the orgaion’s technical core either directly
by implementing a part of its technological processndirectly by replenishing raw
materials, distributing finished products, or pding support services (e.g.,
managers, accountants). These researchers deftheidal core as the set of
activities and processes that are used to conaertmaterials (e.g., manufacturing)

into products the organization produces (See Takle

Similarly, Murphy (1989) defines task performansetiae accomplishment of tasks
within an incumbent’s job description. Campbellaét(1993) and Campbell (1990)
also include elements related to task performamceheir taxonomies of job
performance (e.g., core technical proficiency, ganeoldiering proficiency, job-
specific task proficiency, and non-job-specifickt@soficiency).

Researchers conceptualize task performance asibehévat contribute directly or
indirectly to the technical core and behaviors #ratrecognized as part of the job or
job description. However, Rotundo (2000) notes tleatricting a definition of task
performance (or any aspect of job performance)ntdude only those behaviors
listed in a job description is problematic becajade descriptions for the same job
may differ from one organization to the next, whitlkakes it difficult to compare
performance across organizations. Furthermore,gobsonstantly changing without
these changes being reflected in job descriptidRstundo, 2000). Therefore,
measures of performance that depend on the cootenjob description may not be

accurate.
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3.3. Organizational Citizenship Behavior

Traditionally, organizations and researchers foduse task performance. However,
since the 1980’s, researchers believe that theseadditional activities that are
relevant in other ways to the goals of the orgamma(Borman and Motowidlo,
1993; George and Brief, 1992; Organ, 1997). The t@rganizational Citizenship
Behavior (OCB) was first proposed by Smith et @983) in an effort to introduce
non-task behaviors. Organ (1988) formally define€BOas “behaviors of a
discretionary nature that are not part of employéasnal role requirements, but
nevertheless promote the effective functioning dfe torganization”. This
conceptualization basically defines OCB as voluntahavior that is not part of the
job description. Organ (1988) identified five caiggs of OCBs (See Table 3.2).
These five categories include behaviors that refatleelping coworkers, behaviors
that contribute to the organizational environmenmtbehaviors that relate to being
conscientious. Organ (1997) revised his origindiniteon of OCB, as he noted
problems with the term extra-role and acknowledipad some elements of OCB are
appraised and likely to be rewarded. His revisefindien includes discretionary

behavior that contributes to organizational effemtiess.

Brief and Motowidlo (1986) introduced the concept Rrosocial Organizational

Behavior (POB) in the late eighties in an attengpevaluate the role of prosocial
behaviors in organizations. They defined it as debr that is a) performed by a
member of an organization, b) directed toward alividual, group, or organization
with whom he or she interacts while carrying owg or her organizational role, and
c) performed with the intention of promoting thelfage of the individual, group, or
organization toward which it is directed”. Brief carMotowidlo list 13 types of

POBs. POBs include behaviors that are either fanati or dysfunctional to the

organization.

George and Brief (1992) introduced the term “Orgational Spontaneity” to define
behavior that is extra-role, performed voluntaréyd contributes to organizational
effectiveness. They describe five forms of Orgamrel Spontaneity.

Organizational Spontaneity also has direct pasaltel OCB and POB: helping
coworkers and behaviors that bnefit the organinatienvironment (Rotundo, 2000).
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Table 3.2: A Summary of efforts to conceptualize task, OCBd emunterproductive
performance (Rotundo and Sackett, 2002).

Author

Behavioral Component

Categories

Brief and Motowidlo
(1986)

Prosocial Organizational
Behavior

Assisting co-workers with job-related matte

2

Showing leniency.

Providing services/products to consumers i
organizationally consistent ways.

I

Providing services/products to consumers i
organizationally inconsistent ways.

Helping consumers with personal matters
unrelated to organizational services/produc

u

Complying with organizational values,
policies, and regulations.

Suggesting procedural, administrative, or
organizational improvements.

Objecting to improper directives, procedure
or policies.

U7

Putting forth extra effort on the job.

\Volunteering for additional assignments.

Staying with the organization despite
temporary hardships.

Representing the organization favorably.

Assisting co-workers with personal matters,

Organ (1988)

Organizational Citizenship
Behavior

Altruism

Conscientiousness

Sportsmanship

Courtesy

Civic Virtue

George and Brief (1992

Organizational
pontaneity

Helping co-workers.

Protecting the organization.

Making constructive suggestions.

Developing oneself.

Spreading goodwill.

Borman and Motowidlo

Task Performance

Formally recognized as part of the job and
contribute to the organization’s technical coj

je.

(1993)

Contextual Performance

Discretionary; not necessarily role prescribg
contibute to social/psychological environmg

Raelin (1994)

Professional / Deviant Adaptive

\Work-scale (e.g., unethical practices,
absenteeism, work-to-rule, bootlegging)

Self-scale (e.g., flaunting of external offers,
rationalization, alienation, apathy)

Career-scale (e.g., premature external sear
external performance emphasis)

ch,

Van Dyne, Cummings,
and Parks (1995)

Extra-Role Behavior

Affiliative/Promotive (e.g., helping and
cooperative behaviors)

Challenging/Promotive (e.g., constructive
expression of challenge)

Challenging/Prohibitive (e.g., criticism of
situation to stop inappropriate behavior)

Affiliative/Prohibitive (e.g., unequal power
or authority)

Robinson and Bennett
(1995)

Employee Deviance

Property deviance

Production deviance

Political deviance

Personal aggression

28



Borman and Motowidlo (1993) describe Contextualféterance as discretionary
behaviors that apply across all jobs; are not recéyg role prescribed; and that
contribute to the social and psychological envireninof the organization. Borman
and Motowidlo identify five types of contextual l@fiors. A review of this list

reveals that they can be grouped into three categadnelping others, helping the
organizational environment and its image, and exggeffort and are comparable to
Organ’s, Brief and Motowidlo’s, George and Briefa)d Borman and Motowidlo’s

conceptualizations.

Van Dyne, et al. (1995) defines Extra-role behayvas “behavior which benefits the
organization and/or is intended to benefit the pizgtion, which is discretionary and
which goes beyond existing role expectations”. sTtefinition requires that the

behavior be non role-prescribed and not formalyareled.

3.4. Comparison of POB, OCB and Contextual Performace

Borman and Motowidlo (1993) state that prosociganizational behavior includes
several elements of contextual performance. Howetiel consider only functional
behaviors as being part of contextual performameegontrast to functional and
dysfunctional behaviors, which are considered pagrosocial behaviors. McNeely
and Meglino (1994) concluded that prosocial behaitems reveal three different
patterns of behavior: role-prescribed behavioryeextle behavior directed at the
organization, and extra-role behavior directed pacgic individuals. According to
Katz's (1964) classification, prosocial organizadib behaviors include both
prescribed and extra-role behaviors. In other watttls second and third patterns of
behavior suggested by Katz are included in the qmiak behaviors. However, an
important difference between POB and contextuafopmance taxonomy is that
prosocial behavior includes activities that promotganizational goals as well as

activities that detract from organizational godleeely and Meglino, 1994).

Although the terms “contextual performance” and ®Cefer to many of the same
types of behaviors, they also connote differenbas dre arguably important enough
to justify preserving a distinction between therheToncept of OCB was originally
conceived out of an interest in behavioral consege of job satisfaction that were
presumed to have important implications for orgatanal effectiveness and was

originally defined as behaviors that managers whiiteir subordinates to perform
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but could not require them to perform. Ideas abmmrtextual performance have a
very different origin. Borman and Motowidlo (1998uggested that the part that
tended to be most frequently recognized and tadgbie selection research and
practice was what they called task performanedjth consisted of activities like
those that usually appear on formal job descrigtidrhey also suggested that these
activities are organizationally important becaudeeyt "~contribute to the
organization's technical core either directly bypiementing a part of its
technological process, or indirectly by providingvith needed materials or services"
(Borman and Motowidlo, 1993). In contrast, the pdrthe performance domain that
Borman and Motowidlo believed was often ignoredeatection research and practice
includes activities such as volunteering, persistinelping, following rules, and
endorsing organizational objectives. Organ (19949 proposed that Borman and
Motowidlo’s (1993) term, contextual performance, ynbe the best one for
describing such activities. Borman, Hanson, andgeed 997) stated that variables
involved in organizational citizenship behaviorpresented subsets of contextual
performance. The term contextual performance, thexewill be used to describe

such activities during the rest of this study.

3.5. Task Performance versus Contextual Performance

Contextual performance includes such activities@snteering to carry out actions
that are not formally part of the job; helping atefollowing organizational

rules/procedures when personally inconvenient; ismolp and supporting

organizational objectives; and persisting with axéffort to successfully complete
one’s task activities. Contextual performance oty differ from task performance
activities in at least four important ways (Bormemd Motowidlo, 1993). First, task
activities contribute either directly or indirectlio the technical core of the
organization. Contextual activities, however, supploe organizational, social, and
psychological environment in which task performaaceurs. Second, task activities
vary between different jobs within the same orgatiin. Contextual activities,

however, are common to many (or all) jobs. Thiedktactivities are role-prescribed
and are behaviors that employees perform in exeh#orgay. Contextual behaviors,
however, are less role-prescribed. The final disitom between task and contextual

performance is supported by evidence that they differentially predicted
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(Motowidlo and Van Scotter, 1994). Task performaiscieest predicted by measures
of ability, knowledge, skills and job experiencehil® contextual performance is
predicted best by personality-related measures dWidto and Van Scotter, 1994).
However, experienced supervisors weight task amdegtual performance equally
when appraising performance (Borman, White, ands&prl995; Motowidlo and
Van Scotter, 1994).

3.6. Counterproductive Behavior

Researchers have also written about non-task bmisavhat have negative
consequences for organizations and employees (Ct®@4; Hollinger and Clark,
1982; Murphy, 1993; Raelin, 1994). As with the rteire on organizational
citizenship performance, there are numerous tedefiitions, and taxonomies that
have been used to describe this group of behavrwbinson and Bennett (1995)
defined deviant behavior as *“voluntary behavior tthéolates significant
organizational norms and in so doing threatensmtlebeing of an organization, its
members, or both”. In their study, they classifaaliant workplace behaviors into
four categories: Property deviance, Production atese, Political deviance, and
Personal aggression. Property deviance, borrowsd Hollinger and Clark (1982),
represents serious acts committed at the leveh@®forganization. It is defined as
“those instances where employees acquire or damh&gngible property or assets
of the work organization without authorization” (Hieger and Clark). Production
deviance represents less serious acts committeéxd d¢vel of the organization. It is
defined as “behaviors that violate the formally gmibed norms delineating the
minimal quality and quantity of work to be accorspkd” (Hollinger and Clark,
1982). Political deviance, represents minor aneérpdrsonal acts. Robinson and
Bennett defined it as social interaction that pottser individuals at a personal or
political disadvantage. The fourth category, Peat@ggression, represents serious
and interpersonal acts. They defined it as beha¥iatr was aggressive or hostile

towards other individuals (Hollinger and Clark, 298

Researchers’ interest in counterproductive behavésr been partially motivated by
the desire to understand the underlying causesiotype of behavior. Research has
shown that the determinants of deviant behaviotude individual, social and

interpersonal, and organizational factors (Robinsand Greenberg, 1998).
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Concerning individual factors, a popular belief tisat some people are more
predisposed than others to engage in deviantRotsndo (2000) notes that research
on integrity tests as measures of one facet ofopafgy provide some insight into
individual difference variables as determinantgle¥iant acts. A large-scale meta-
analysis of integrity test validities by Ones, Vesvaran, and Schmidt's (1993) is
one of the most significant contributions in thisgard. Integrity tests measure
honesty and moral character. This research showad integrity tests predict a
variety of counterproductive behaviors, providinggort for individual differences

as determinants of counterproductive behavior.

3.7. Prediction of Job Performance

Empirical evidence suggests that different facdtsperformance have different
predictors. Murphy and Shiarella (1997) emphasittezl need for a multivariate
framework in evaluating the validity of selectiagsts. Performance is multifaceted
in nature rather than being a unitary phenomenaal, multiple predictors are
relevant for predicting job performance. For exampiotowidlo and Van Scotter
(1994) findings indicate that both task performamee contextual performance
contribute independently to overall job performarmeel that personality variables
are more likely to predict contextual performanicant task performance while task
performance is best predicted by measures of yblkihowledge, skills and job

experience.

The relationship between personality and job perforce has received considerable
attention and debate throughout thd' 2@ntury. Research conducted up until to the
mid-1980s concluded that personality and job perforce had no meaningful
relationship across situations. In an influenteview of the literature, Guion and
Gottier (1965) concluded that, there is no geneable evidence that personality
measures can be recommended as good or practatal foy employee selection.
However, this conclusion was reached without adbugh understanding of the
personality construct. There was no classificatsystem that could reduce the
numerous personality traits into a useful framewarkd each personality scale on

every inventory was treated as a separate construct

A new phase of research beginning in the mid-128@sgrowing in the early 1990s

revealed optimistic results for the personality-pdrformance relationship. By the
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1990s however, methodological innovations in met@hsis and the emergence of a
widely accepted taxonomy of personality charadiessthe “Five Factor Model”

(FFM) (i.e., extraversion, agreeableness, emotistalility, conscientiousness, and
openness to experience), spurred a series of matgtia studies that have provided
a much more optimistic view of the ability of pensdity measures to predict job

performance.

3.8. The Five Factor Model/The Big Five

Costa and McCrae (1992) developed the FFM as dt refsa cluster analytic study

of Cattell's Sixteen Personality Factor which haerp developed by Catell et al.
(1970) and known as 16PF. Their five factors weMeuroticism, Extroversion,

Openness, Agreeableness, and Conscientiousnesse Flaze become the most
commonly used implementation of the Big Five. The ffactors are presented in
Table 3.3.

Since Costa and McCrae’s original proposal of tiMFthere has been a vast
amount of research using these five global traits the purpose of personnel
selection, which includes a large body of metagialstudies that support the
relationship between the Big Five and job perforosaariteria (Barrick and Mount,
1991; Salgado 1997; Tett, Jackson and Rothsteif]1;1¥incher, Schippmann,
Switzer and Roth, 1998).

Barrick and Mount (1991) found that the estimatedk tcorrelation between FFM
dimensions of personality and performance acrogh bocupational groups and
criterion types ranged from .04 for Openness to defemce to .22 for
Conscientiousness. Although correlations in thigeamay seem relatively modest,
nevertheless these results provided a more opimisew of the potential of
personality for predicting job performance and 8tisdy had an enormous impact on
researchers and practitioners (Mount and BarricdQ81 Murphy, 1997, 2000).
Moreover, correlations of this magnitude can gtilbvide considerable utility to
personnel selection decisions (e.g., Cascio, 19f#jicularly because the prediction
of job performance afforded by personality app¢aise incremental to that of other
major selection methods (e.g., Goffin, Rothsteid dohnson, 1996; Schmidt and
Hunter, 1998). Barrick, Mount, and Judge (2001p alammarize 15 meta-analytic

studies and conclude that conscientiousness idich p&dictor across performance
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measures in all areas, and that emotional stalalyeared to be a generalizable
predictor when overall work performance was theéedon, but its relationship to

specific work criteria and occupations was lesssgiant than conscientiousness.

Table 3.3: The Big Five Taxonomy of Personality (McCrae an¢t@p1989).

Sample Associated Sample Associated
Big Five Factor | Alternate Names  Trait Descriptions Trait Descriptions
- Positive Pole - Negative Pole
Sociable, Gregarious,
Surgenc Assertive, Talkative, Quiet, reserved, Shy,
Extroversion gency, Active, Ambitious, Retiring, Taciturn,
Assertiveness . . -
Expressive, Energetic, |Inhibited
Enthusiastic, Outgoing
Careful, Thorough,
Conformity, Responsible, Planful,

Econsistent, Impulsive,

Conscientiousnesg Lo .
ndisciplined, Unreliablg

Persevering, Achievemer
Oriented, Efficient,

Selfdisciplined, Diligent

Dependability

Anxious, Depressed,
Angry, Worried,
Insecure, Tense,
\Vulnerable, Highstrung

Calm, Relaxed, Self-
Emotional StabilityNeuroticism Confident, Steady,
Easy-going

Courteous, Flexible,

Cooperative, Tolerant, Spiteful, Self-Centred,

Self- Aggrandizing,

Agreeableness L|l_<eab|.l|ty, Caring, Trustlng,_ . Hostile, Indifferent,
Friendliness Supportive, Altruistic,
L Cold, Coarse,
Sympathetic, Kind, -
Meanspirited
Modest

Imaginative, Creative,
Curious, Cultured,
Sharp-witted,
Broadminded,
Inventive,

Insightful, Complex

Culture,
Intellectance,
Inquiring Intellect

Simple, Concrete,
Narrow, Imitative,
Unimaginative

Openness to
Experience

It should be noted that not all researchers agreat the construct of

conscientiousness might be the best predictor dbeance in most occupational
areas. Robertson et al. (2000) conducted a stualy ekamined the relationship
between conscientiousness and managerial perfoendhey suggest that some of
the qualities associated with the low-end of theascgentiousness scale (i.e.,
nonconforming, rebellious, and unconventional) atdeast some of the time, linked

to managerial success.

Salgado (2003) reported that there are currentbr dteen inventories that have

been specifically developed within the FFM framekvand used in organizational
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settings. He urges the adaptation of these FFMebas¢ruments as opposed to non-
FFM-based instruments. He found that conscientiessrand emotional stability
(low end of neuroticism scale) showed higher openat validity when assessed by
FFM-based instruments than by non-FFM-based inveastoConsidering that the
results of the meta-analytical studies mentionemalsuggest that these two factors
may be the strongest link between personality aedopmance, this is strong

evidence to support the use of FFM-based instrusrnarmersonnel selection.

There is also a significant body of research ligkihe FFM to other work-related
criteria such as absenteeism and counterprodulséiiaviors (Judge, Martochio and
Thoresen, 1997; Salgado, 2002). Judge et al. (1f2i1d that in a sample of 89
non-academic university employees, the controlaes and the Big Five traits
accounted for 30% of the variance in absence. Gemsousness and extroversion
were the strongest predictors, but part of thati@mhship was mediated through
absence history. Salgado conducted a meta-andahatissxamined the relationship
between the FFM and counterproductive behaviors. dite not find a strong
relationship between any of the five factors andealeeismr(= -.06 to .08) or
accident ratesr(= -.09 to -.08), but did find that conscientioushgs= .26), and
agreeableness € .20) were valid predictors of deviant behaviag(, theft, drug
and alcohol use). The data suggest that the FFMotaonly be used to predict

performance, but also behaviors that are considerbd detrimental to productivity.

3.9. Personality and Contextual Performance

Historically, job performance has been conceptedlias mainly encompassing task
performance. Recently, the domain of job perforneahas broadened to include
contextual performance, which includes behaviosseiated with helping coworkers
perform their assigned tasks (Borman and Motowiti#93). There is evidence that
contextual performance also is correlated with geaity. For example, Motowidlo
and Van Scotter (1994) found that the personalityedsions “work orientation”,
“dominance”, “dependability”, “adjustment”, “coopmiveness”, and “internal
control” were all significantly correlated with cextual performance (correlations
ranged fromr = .11 tor = .36). In the same study, only the work orientatamnd
dependability dimension scores significantly prestic task performance

(correlations were = .23 and = .18, respectively).
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Lyne, Sinclair and Gerhold (1997) found that fouergmnality dimensions
(adjustment, ambition, likeability, and prudencepre significantly related to
contextual performance, whereas only the likegbitiimension was significantly
related to task performance (correlations rangechfr= .16 tor = .36). The results
from McManus and Kelly’s work (1997) revealed tiiatee personality dimensions
(sociable, analytical, and self-confident) wereatedl to contextual performance and
only two of the dimensions (sociable and self-cderfit) were significantly related to
task performance (correlations ranged from .20 tor = .31). Van Scotter and
Motowidlo (1996) took this research one step furthe that they examined
correlations between scores on personality measumeksask performance, as well as
two dimensions of contextual performance: interpeas facilitation (cooperative
behaviors that aid coworkers in completing thesk& and job dedication (self-
disciplined behaviors such as following rules, wiagkhard, and taking the initiative
to solve a problem). These researchers found ttnetugh conscientiousness was the
only personality dimension that was significantlglated to task performance,
agreeableness, extroversion, conscientiousness, psitive affectivity were
significantly related to interpersonal facilitation and agreeableness,
conscientiousness, and positive affectivity wergniicantly related to job
dedication (correlations ranged frans .09 tor = .16). Although this is only a small
body of research, it suggests that four of the Bige personality factors
(conscientiousness, similar to dependability; esdrsion, similar to sociable;
emotional stability, similar to adjustment; and egbleness, similar to likeability)

are related to contextual performance in a vaoétyccupational settings.

3.10. Effects of Faking

Numerous studies conducted within simulated oragiarsonnel selection scenarios
(e.g., Furnham, 1990; Goffin and Woods, 1995; Hqud®98a,b; Jackson,
Wroblewski and Ashton, 2000; Mueller-Hanson, Hegésand Thornton, 2003;
Rosse, Stecher, Miller and Levin, 1998; Zalinskil #&brahams, 1979), and a meta-
analysis on faking in a variety of contexts (Visweesn and Ones, 1999), have
converged on the conclusion that test-takers irorktbry situations as well as

applicants in applied selection situations can, dod deliberately increase their
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scores on desirable personality traits, and deerdesr scores on undesirable traits
when motivated to present themselves in a podite.

If faking were uniform among applicants it wouldvieahe effect of merely adding
(or subtracting) a constant to (or from) everyorsesre, which would mean that
candidate rank-ordering, criterion-related validifye., the extent to which
personality test scores are related to job perfao®g and hiring decisions based on
personality scores would be unaffected. Howevesges who have dissimulated the
most may have an increased probability of beingdyiresulting in less accurate and
less equitable hiring decisions (Christiansen, @pffohnston and Rothstein, 1994;
Mueller-Hanson et al., 2003; Rosse et al., 1998).

There are also grounds for optimism that the usefid of personality testing in
personnel selection is not neutralized by fakingarrBk and Mount (1996)
demonstrated that although self-deception and iggma management response
distortion of personality items occurred in thangle, validity of the responses was
not adversely affected. Christiansen et al (19%@duthe 16PF fake good and fake
bad scales to correct the scores of assessmerdr ceartdidates and found that
criterion-related validity was unaffected. Althougbsponse distortion does not
appear to have a major impact on personality irorgntalidity in a selection context
(e.g. Barrick and Mount 1996), it is still of sorb@encern because these measures are
definitely fakeable. One approach to detecting rfgkivhen using computerized
administration of personality tests is to measwsponse latencies. Holden and
Hibbs (1995) have refined this strategy; the tigko first correct latencies for both
person effects (e.g. slow vs. fast readers) amd é@tects (e.g. longer vs. shorter to
read). Holden and Hibbs find that these adjustah&y scores can correctly classify
about 82% of the test-takers instructed to resguomkstly and those told to try to
maximize their chances of getting the job.

3.11. Team Performance and Selecting Personnel iredm Settings

Work teams and groups are composed of two or mmatwiduals who (a) exist to
perform organizationally relevant tasks, (b) shane or more common goals, (c)
interact socially, (d) exhibit task interdependesci(i.e., work flow, goals,
outcomes), (e) maintain and manage boundaries, (Bndre embedded in an

organizational context that sets boundaries, camstrthe team, and influences
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exchanges with other units in the broader entitid¢#er, 1977; Hackman, 1987,
Hollenbeck et al., 1995; Kozlowski, Gully, McHugBalas, and Cannon-Bowers,
1996; Kozlowski, Gully, Nason and Smith, 1999; SalBickinson, Converse and
Tannenbaum, 1992). Teams are often introduced thighobjective of improving
organizational performance as well as the outcoafidbe individual worker. It is
thought that teams are capable of increasing amnargtion’s adaptability to
dynamic environments, are able to handle more cexnghd variable products and
production processes, and that team members caa easily mutually adjust and

coordinate their efforts.

Research in the personnel selection literaturecatds that if relevant personality
factors are identified for a specific job or rofature performance can be predicted
(Borman et al.,, 1980; Lord et al., 1986; Day ant/eésman, 1989; Barrick and
Mount, 1991; Tett et al., 1991). Extending thisitogto the domain of teams, if
relevant personality traits are identified for eedfic team task, the personality
profile of the team might be helpful in predictingure team performance (Driskell et
al., 1987). The application of such knowledge wduddp organizations to maximize
the effectiveness of the team simply by ensurireg the personality profile of the
team (i.e., the combination of team member perggnéhctors) matches the

requirements of the task.

KSAOs needed for successful performance in teantegts might be somewhat
different than the KSAOs needed in more traditiandividually oriented jobs. For
example, it has been suggested that the skillsyletlge, and motivation needed to
function effectively in a team go well beyond tlmrectechnical skills often measured
in traditional selection contexts (Barrick, Stew@teubert and Mount, 1998; Guion,
1998). Others have noted that selecting individt@seams requires one to consider
problems that are seldom considered when seledtidgiiduals to work by
themselves (Jones, Stevens and Fischer, 2000).

Compared to task performance, contextual performasm@articularly important in

team settings. For example, the interpersonal hglpakes teams work effectively
in organizational settings. Without this kind of ntextual performance, the
development and maintenance of teams will not beessful. LePine, Hanson,
Borman, and Motowidlo (2000) have noted that, sindévidual task performance in

teams requires cooperation among team memberspfaoetpfulness could also be a
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required aspect of task performance. However, bhegutions in teams will still have
contextual implicationsThus, actions that contribute only to contextuafgrenance
in many organizational settings can contribute tathbtask performance and

contextual performance in team settings.

Not only must the personality profile of the tearatoh the demands of the task, the
people on the team (and hence, their personalimes)t be compatible. There are not
a vast number of studies relating team member pali$p to team performance.
Most of the studies that do exist measure anderalpécific personality traits (which
compose a minute piece of one of the five facttws)jeam performance or team
satisfaction. There is no replication of any of tlesults due to the task specificity
and the situation nature of the experiments. Thare therefore no specific
conclusions relating personality, as classifiechinithe Big Five framework, to team
performance. However, the preliminary results fribi@ studies in existence indicate
that some personality traits may affect performafme certain tasks in certain
situations (Driskell et al., 1987). A brief overwieof the findings for each factor is

described below.

Openness should be related to the success of temwlsed in creative tasks, or
tasks performed under conditions of high uncenaistich as radical innovation.
Openness may be less important for group perforenanca routine mechanical or a
social task than for a problem-solving task (e.gskzll et al., 1987; Gibb, 1969;
Cattell and Stice, 1954), or may even have negaélaionships with performance
with highly structured tasks. Barry and Stewart 920 found a significant
relationship between openness and “open commuoidatvithin simulated self-
managed teams, but a significant negative relatipnsith “task focus”. Crutchfield
(1955), who found intellectual competence to be atiggly correlated with
conformity, provides indirect support. In sum, tlmited evidence supports the
importance of openness for creative and imagindéisks but suggests that openness

is less important, or even detrimental, when ts& ta of a more routine nature.

Emotional stability should predict performance @arh tasks regardless of the type
of team (Driskell et al., 1987). Teams with a higlaggregate level of emotional
stability should contribute to a relaxed atmosphand promote team cooperation.
On the other hand, “unstable teams” are more likelyengage in disruptive

behaviors, lose focus and have difficulty in coapieg (e.g. Watson and Tellegen,
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1985). For teams that work on tasks over a longpgesf time, emotional stability
can contribute to team viability (e.g. their capidpiof working effectively together
over time, as rated by observers). For examplethaéay (1953), Hough (1992), and
Barrick et al. (1998) found that emotional stapiliwas positively related to the
team’s viability. Barrick et al. also found a posgt relationship between emotional
stability and performance. Mann (1959) and Heslia6d) both found emotional
stability to be one of the best predictors of tgmrformance. Haythorn (1953) found
that emotional stability was related to team effestess and orientation towards job
completion. Finally, the findings of Hough (1992pypide evidence that emotional
stability is positively related to teamwork. In suthe evidence suggests that the
team level of emotional stability should be poslwrelated to team performance for

a wide range of team tasks.

For team tasks that require interpersonal inteyactisocial competence and
interpersonal tactagreeableness is an important trait. One of thestfaof
agreeableness is the propensity for cooperativavieh Since cooperation has been
shown to be important for the long-term successeams (Hackman, 1990) it is
reasonable to expect that higher levels of tearaeaipieness will be associated with
team success. Evidence for the relationship betwagreeableness and team
performance is provided by Hough (1992), Barrickaket(1998), and Stevens et al.
(1999). A more recent study by Neuman and Wrigh0@) found agreeableness (as
measured by the lowest scoring team member) to Isggraficant predictor of
effectiveness of human resources teams. McCraeCastia (1989) suggest that
agreeableness should be associated with team wehess, which under some
conditions might lead to successful performance. tbe other hand, high
cohesiveness can also lead to “groupthink”. Aceaydio Janis (1972) when teams
are highly cohesive they are susceptible to “grout. Groupthink occurs when
team members shut themselves off from the enviromroe from others that may
have different views. Janis points out that thishdwor reduces a team’s

effectiveness on problem solving tasks.

Of the FFM constructs, conscientiousness has bmamdfto have the strongest and
most reliable correlation with individual perforn@@nacross job settings (Barrick
and Mount, 1991; Mount and Barrick, 1995). Kell&997) suggests that the

achievement-striving facet of conscientiousnessabge it taps an emphasis on high
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career investment and devotion to work, should riegliptive of R&D performance

in general for scientists and engineers. Hough'892) meta-analysis found

conscientiousness to be related to teamwork. Bareic al. (1998) reported a
significant relationship between conscientiousress team performance. Neuman
and Wright (1999) found conscientiousness (as mmedduy the lowest scoring team
member) to be a significant predictor of supervistings and task accuracy for
human resources teams. Zander and Forward (1968 fthat team members, who
score high on achievement motivation (a componémbaoscientiousness), show a
greater concern for the successes of the teamefltter and Delaney (1972) found
that teams composed of members with higher achiememotivation scores solved
complex problems more efficiently. Given this evide it seems reasonable to
assume that higher levels of conscientiousness Ighoasult in better team

performance. The research evidence suggests thecieatiousness should be
positively related to team performance across & watiety of tasks and settings.

In a team setting the higher scores on extravershmuld be related to higher levels
of social activity (Barrick and Mount, 1991). BoweH (1969) found that
extraversion was consistently related to perforreamt group creative and problem
solving tasks. Greer (1955) found a positive relaghip between social activeness
(an indicator of extraversion) and group effecte®n Barrick et al. (1998) found a
positive relationship between extraversion andvibbility of the team (as judged by
supervisors). On the other hand, some tasks malyttehe disrupted by high levels
of interaction; for example, tasks involving logiod precision. Gurnee (1937) found
a positive relationship between group members’ exan extraversion and the
number of errors that groups made as they collelgtinoved through an electric-
contact maze. Barry and Stewart (1997) found a thegaelationship between
extraversion and task focus. Driskell et al. (1987@dict a negative relationship
between extraversion and performance for such tasks research suggests that
extraversion should be related to team performaviten tasks involve imaginative
or creative activity but may inhibit performance ewh tasks call for precise,

sequential and logical behavior.
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3.12. Personality and Leadership

Personality characteristics have been shown tagirederall leader effectiveness in
terms of business outcomes, the ability of the dead build an effective team,
subordinate ratings of leader effectiveness, aretwive derailment. Furthermore,
personality is also predictive of emergent leadershhat is, early identification of

leadership potential. In the following paragraphse,describe the Big Five traits and
their relationship to ratings of transformationahda transactional leadership

behaviors.

Watson and Clark (1997) suggested that positivetiemadity is at the core of
extraversionand extraverts experience and express positivei@nsotThus, it is
likely that extraverts will tend to exhibit inspift@nal leadership (e.g., having an
optimistic view of the future). Because they arsifiee, ambitious, and influential,
they are likely to generate confidence and entlsasiamong followers. Extraverts
also may score high on intellectual stimulation ttesy tend to seek out and enjoy

change.

Individuals high in neuroticism tend to view the ndothrough a negative lens.
According to Costa and McCrae (1992), at the cémearoticism is the tendency to
experience negative affects, such as fear, sadgesss,and anger. Individuals who
score high in neuroticism tend to experience ematidlistress, whereas those who
score low on the trait are calm, even tempered, rateked. As Northouse (1997)
noted, self-confidence is requisite to the inibatiof leadership. Thus, individuals
high in neuroticism should be less likely to atténgplead and less likely to involve
themselves in their subordinates’ efforts (Bass85)9tending to avoid leadership
responsibilities. Furthermore, they are not likédy be seen as role models, are
unlikely to have a positive view of the future, amey be too anxious to undertake
transformational change efforts. Hence, it is uwlik that they will exhibit
transformational leadership behaviors, such aslimeh influence, inspirational

motivation, or intellectual stimulation.

Individuals high in openness to experience are eEmally responsive and
intellectually curious (McCrae, 1996). They tend have flexible attitudes and
engage in divergent thinking (McCrae, 1994). Judgd Bono (2000) found that

openness to experience was associated with tramsfimnal leadership. Because
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they are creative, individuals high in opennessexperience are likely to score high
in intellectual stimulation. However, individualggh in openness to experience may
also exhibit inspirational leadership behaviorsc@iese they are imaginative and

insightful, they are likely to be able to see dondsfor the organization’s future.

Individuals high in agreeableness value affiliatiand avoid conflict (Graziano,
Jensen-Cambell and Hair, 1996). They are modestistic, and tend to be both
trusting and trustworthy (Costa and McCrae, 1992)ere are several leadership
behaviors that might be exhibited by individualghin agreeableness. First, because
of their concern for others, they are likely todmcerned with individuals’ growth
and development needs (individualized considerptma are likely to be sure that
individuals are rewarded appropriately and praisedwork well done” (contingent
reward; Bass, 1985). The modesty and kindness refeagle individuals is not the
most distinguishing characteristic of charismag@aders. However, they may score
high in idealized influence and be seen as role elsocbecause of their

trustworthiness and consideration for others.

Conscientiousness has been one of the most comnstatied traits in work
psychology. Conscientious individuals tend to havetrong sense of direction and
work hard to achieve goals (Costa and McCrae, 19B@wever, there is no
particular reason to expect that conscientious viddals will exhibit vision,
enthusiasm, or creativity. However, because consoigs individuals are goal and
detail oriented (Hogan and Ones, 1997), they maymioee likely to engage in
management by exception—active, which involves Isetfting and monitoring goals
(Bass, 1998). Also, because they are dependableumlitcbly to evade their work
responsibilities, they are unlikely to exhibit passleadership behaviors, which
involve lack of self-discipline and the default leldership responsibilities (Bass,
1998).

3.13. Job Analysis

Job analysis is a broad term commonly used to dhesarwide variety of systematic
procedures for examining, documenting, and drawinfgrences about work
activities, worker attributes, and work context.light of recent workplace changes
that de-emphasize traditional conceptions of ngidéfined jobs, the broader term

work analysisis sometimes advocated (Sanchez and Levine, 196B)analysis is
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believed to be the most central of all human resssirmanagement activities
(Ghorpade, 1988). It is an effective tool in idéntig the tasks performed by the job
incumbents, the qualities required on the job, #ra physical, technological, and
social conditions under which the job gets donesi&dly job analysis consists of
two outputs: a job description and a job speciftcatA job descriptions a written
description of the activities that have to be peried. Generally, a job description
also contains information about tools and equipmesad in the job and about the
working conditions. The job specificationndicates which specific skills,
competences, knowledge, capabilities and otherigpdlyand personal attributes one
must have to perform the job successfully.

3.13.1. Traditional methods of job analysis

Information about jobs can be collected in a nundfeways. McCormick (1976)
lists the following as potential sources: obsenatiindividual interview, group
interview, technical conference, questionnaireyydiaritical incidents, equipment

design information, recording of job activities,employee records.

Some method designed to study jobs include funatigsb analysis (Fine, 1974),
critical incidents (Flanagan, 1954), job elemenBinoff, 1975) the Position
Analysis Questionnaire (McCormick, Jeanneret, andcham, 1972), physical
abilities requirement approach (Fleishman, 1978) @NET® Department of Labor

Procedure.

3.13.1.1. Functional job analysis

The rationale behind functional job analysis (Fd®\Yhat jobs must be defined in
terms of the interaction between the task, the viddals responsible for

accomplishing the task, and the environment in e task is to be performed.
FJA relies on five components. First, the purpgeals and objectives of a specific
job need to be identified, and second, analysist naestify and describe the tasks
necessary to accomplish a job. In the third compboéfunctional job analysis, the
analysts determine the specific abilities necessargerform the job successfully.
Fourth, from this information, performance standaade set and then, fifth, training

needs are identified in the final stages of funaigob analysis.
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3.13.1.2. Critical incidents technique

In contrast to FJA, where experts make judgmentautathe content of job, the
critical incidents technique (CIT) utilizes acteglisodes of on-the-job behavior. The
“critical incidents” were defined as “extreme beiwayeither outstandingly effective
or ineffective with respect to attaining the geheians of the activity” (Flanagan,
1954). In other words, CIT asks employees aims h&f &ctivity and specific
examples of on-the-job behavior that demonstratéh bogh and low levels of

performance (Flanagan, 1954).

Sources for critical incidents include workers, workers, supervisors, managers,
and others. Typically, the job analyst will askamhant’s to think of the most recent
example of a worker performing at a very high leweformants will describe what
led to the incident, exactly what the employee thd, perceived consequences of the
behaviour, and whether or not these consequences within the control of the
employee. After the incidents are collected, theyteansferred to index cards, and
job incumbents, supervisors, or analysts indepehdgnoup similar incidents into
broader categories. (Factor analysis is frequamdld in this part of the analysis).
These independent groupings are compared in oadestablish categories may
include “promptness of service,” “accuracy of osjéror ‘interaction with
customers.” Raters discuss any differences in oategion in order to ensure
agreement and the reliability of the ratings. Fitbim procedure, a detailed outline of

the content of a specific job will emerge.

3.13.1.3. Job elements approach

Job elements include knowledge, skills, and abdi{{KSAS), as well as willingness,
interest, and personal characteristics (Primoff7/5)9 Like the critical incidents

approach, job elements approach relies on the laugel and experiences of
supervisors and job incumbents. In the first stb gob elements approach to job
analysis, SMEs patrticipate in a brainstorming s#ssi which they identify as many
of the elements of a particular job as possiblextNibe identified elements are rated

on each of four factors:

a) Barely acceptable: What relative portion of even barely acceptable ke is
good in the element?

b) Superior: How important is the element in picking out the estugr worker?
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c) Trouble: How much trouble is likely if the element is igndrevhen choosing
among applicants?

d) Practical: Is the element practical? To what extent can wefit job openings if

we demand it?

Using a statistical procedure developed by Prini#75), ratings on the above four
factors are analyzed to determine what elementsmagt important in selecting

superior workers.

3.13.1.4. Position Analysis Questionnaire

The Position Analysis Questionnaire (PAQ) was davetl by McCormick et al.
(1972) on the assumption that there is an underliasonomy to all jobs. That is, in
contract to the other methods, the PAQ approachisis on broad categories
common to all jobs rather than on individual eletsenf specific jobs. Given the
thousands of tasks for one job that the other nustimoay identify, PAQ attempts to
put this data into a more manageable form. PAQaeslall jobs to 194 elements,
which are classified in terms of six broader dimens. These six dimensions are
information input(35 elements), mental procesgéd elements), work outpy#9
elements), interpersonal activiti€36 elements), work situation and job contéx@

elements), and miscellaneous aspétiselements).

3.13.1.5. Physical abilities requirements approach

One limitation of all the methods, with the exceptiof the PAQ, discussed is that
they are not very useful for determining the phgkicequirements for job
performance. Although these job analysis methodkidéntify those tasks that a
worker is expected to accomplish, information abih@ physical requirements is
usually inferred. For many jobs, qualities suchiesction time, manual dexterity, or
trunk strength may be critical to successful jobfgrenance. Lack of knowledge
about physical requirements can lead to problenmaany areas, but particularly in
personnel selection. Uncertainty about physicaluireqnents can also result in
turnover or attrition that can be quite costlylie employer. When an employer or a
job applicant is uncertain about the levels of rjths or flexibility necessary to

perform a job, then the likelihood of the candidat# performing successfully is
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much greater. Additionally, poor match between @pplt abilities and physical
requirements is likely to lead to a higher accidane.

Fleishman (1975) & Fleishman and Quaintance (1884d)developed a taxonomy of
physical and cognitive abilities that is designed describe the performance
standards of any job. According to Fleishman, abdiare the foundation on which
skills are built. In contrast to the other methocksnsidering jobs from an abilities
approach results is much greater generalizabilitynformation across differently

jobs. Levels of physical ability are obviously inm@mnt in many occupations, but the
analysis of jobs with regard to this area has remnbwidely explored in industrial

and organizational psychology.

3.13.1.6. O*NET® Department of Labor procedure

Job analysis data has the potential to be analyaebat information can be acquired
about several jobs or job families and consequemtlyjti-level decisions can be
made. However, the data must be structured to aooatate such an analysis. The
job data must have the capability for aggregatidns is especially true when a job
analysis is needed across several jobs and joli¢anais is the case in many large
organizations including government and military.thNdut a method to aggregate the
data, decisions made using the data across levdllszav be valid (Harvey and
Wilson, 2000). A solution to this problem of aggatign can be attained through the
use of an online database called O*NER significant part of the development and
application of metrics uses standardized data fOMNET®. The Occupational
Information Network replaced the Dictionary of Opational Titles (U.S.
Department of Labor, 1991) as a standardized, cengmsive, and online system
available for performing worker and work-orienteab janalysis and developing
descriptions of jobs. The system is designed tegmejob information at both a
general and an occupation-specific level (Petesimford, Borman, Jeanneret and
Fleishman, 1999; Peterson et al., 2001).

O*NET® was designed to be hierarchical in nature alloviimghe use of both broad
descriptors that can be used across occupatiofsaugeneralized work activities
skills and abilities, as well as more specific dgdors of a specific position such as
tasks, occupational knowledge, occupationally dmeskills, and tools, machines,

and equipment. O*NEY uses standardized work activities and skill d@sicms to
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provide a common language to describe and chaiaeterarious jobs and
occupations (Borman, 1996; Mumford and Peterso@9)19

In this study, the types of KSAOs and their defimis involved in the O*NEY

Content Model are used in order to provide a comtaaguage in job analysis and
personnel selection processes since O*RIEBntent Model provides a synthesis of
job analysis research, relying upon and reflectimg cumulative knowledge and

research on job analysis (Campion, Morgeson andisldy1999).

3.13.2. Personality-based job analysis

Selection hypotheses must emerge from an understaraf jobs based on job
analysis. Most job analysis inventories are quitearc in providing help for

hypothesizing ability or aptitude variables thaghtimake good predictors but are
less clear for those traits more closely associai#il personality variables. If a job
analysis method emphasizes only cognitive or paydor aspects of jobs, it is
likely that only cognitive or psychomotor predicawill be hypothesized. Therefore;
an approach to job analysis explicitly directed generating hypotheses about

relevant personality variables would be helpful.

Although personality characteristics such as cammusness play an important role
in job performance across jobs, personality charestics are usually excluded from
job analytic studies (Hogan, 1998). This oversipgas led some researchers to
propose using a personality-based job analysis APBistrument in conjunction
with traditional job analysis instruments in order obtain a comprehensive
understanding of the requirements for a job. Thdiesh study, conducted by
Arneson (1988), used a checklist called the Wotearacteristics Inventory (WCI)
to identify the personality characteristics tha snportant for performing a job. The
results of the WCI successfully identified the peaity scales with the highest
criterion-related validity. More recently, Sumerfrger, Demirutku, and Ciftci
(2001) used personality-based job analysis (PB&Ajdentify personality traits
required for Turkish armed forces officer job pemi@nce. Based on a content
analysis of SME responses during a semi-structunetview, 79 personality traits
were identified as relevant to successful job pernce. In another study, Jenkins
and Griffith (2002) found that a test developeddfect the results of the Personal
Requirements Survey (a PBJA technique) had hightarion-related validity and
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positive applicant. Addressing the gap in the ditere with respect to personality-
based job analysis tools, Raymark, Schmit, and &GUY®97) have developed
“Personality-Related Position Requirements FornPRIF)whereby job analysts can
derive personality predictors of occupational ssscdRaymark et al. (1997) built
their job analysis tool on the framework of the gBtive” personality taxonomy.
Within the broad-bandwidth factors of the “Big Flyehey constructed twelve
narrowly defined facets. For each of the twelveetacgeneral task statements were
created as behavioral indicators of that specigespnality characteristic. The
Personality-related Position Requirements Form @HR&composed of 102 general
task statements representing twelve personalitetsaavithin the “Big Five”
personality framework. Subsequent analyses sugdlgasthis personality-based job
analysis tool meaningfully differentiates betweeamious types of jobs (Raymark et
al., 1997). All PPRF facets are given below in EabH.

Table 3.4:Main and sub-categories involved in PPRF (Raymaek.e1997)

Main category Sub-categories
General Leadership, Interest in Negotiation,
Achievement Striving
Friendly Disposition, Sensitivity to interest |of
Agreeableness | Others, Cooperative or Collaborative Work
Tendency
General Trustworthiness, Adherence tg a
ConscientiousnessWork Ethic, Thoroughness and Attentivengss
to Details

Surgency

Emotional

Stability Emotional Stability

Desire to Generate Ideas, Tendency to Think

Intellectance Things Through

As a result of previous discussions, O*NEContent Model is integrated with major
categories of PPRF and a hierarchical list of pereb characteristics (i.e.
knowledge, skills, abilities, experience and peadity) was formed in order to
provide a common language so that variables us#teipersonnel selection process
in this study is consistently understood and usethé same meaning across many
jobs. The complete hierarchical model is seen énRigure 3.1. A full description of

these personnel characteristics is given in theeAgpx A.
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Personnel Requirements

Abilities

| Cognitive

Abilities

| Psychomotor
Abilities

Physical

Abilities

| Sensory
Abilities

Skills

Basic Skills

Cross-functional
Skills

Job-specific Skills

Knowledge

Education

| Business and
Management

| Manufacturing and
Production

| Engineering and
Technology

| Mathematics and

Science
— Health Services

| Education and
Training

| Law and Public
Safety
— Communications

— Transportation

| Instructional
Program Required

— Arts and Humanities

— Job-specific Knowledge

| Education level in
Specific Subjects

Experience

| Experience and
Training

L Licensing

Figure 3.1 : Personnel characteristics.
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3.14. Chapter Summary

In this chapter, the definition of “job perfomancednstruct and its antecedents are
given. More specifically, overall job performancashbeen categorized into two
major categories, namely, task and contextual pedace. Besides, other
performance types such as counterproductive pediocey team performance and
leadership performance have been discussed initdratlire. However, literature
survey shows that task and contextual performanee the major individual
performance categories which are generally usethesredictors of overall job

performance.

Due to our findings in the literature survey, tgskformance is well predicted by
KSAOs owned by the job incumbent; whereas, contxperformance can be
predicted by personality variables. Thus, rathantthinking performance as a single
construct, consideration of two performance dimamsiseparately will make easier
to develop personnel selection hypotheses sinch daunension contribute in a

different way to the overall job performance.

Generally, the personnel selection decision is dbase the knowledge, skills and
abilities (KSAs) of the candidates which are depebb as a result of education and
previous experience. Literature survey reveals tietse KSAs are generally
developed by two ways: rules of thumb or know-hbat exists in an organization at
the moment when the personnel recruitment and tsmbeds realized; or
optimistically by job analysis to identify the KSAsquired for performing the job.
However, even though job analysis can be performethedium-sized and large
companies, information gathered from those studiesnot used very effectively in
other HR management activities. This is due to l#uk of understanding of the
benefits of performing job analysis during the tithat it is performed in a particular
organization. Even, the information gathered injtteanalysis may be so far away
from being true or at sufficient level or nor update since the purposes it may serve

are not well-explained to the people in the orgainin.

In the beginning of the 1990s, even the traditigohlanalysis has been found to be
lacking to define a good performer since traditigoh analysis does not identify the
personality characteristics required for the jols. & result of the many research

studies in personality-performance relation, a “lgh@erson” approach which
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supports the inclusion of personality characterssin the job analysis and personnel
selection processes has emerged. After many studiddferent job contexts have
been performed, today it is accepted that perdgnalian important variable to be
measured for performance prediction and employrpenposes. Thus, personality
variables to be measured in the selection prodessdd be identified by job analysis
studies which consider personality characterisecgiired for performing the job in
question. As a result, a few personality-based golalysis studies have been

performed by the researchers.

By the inclusion of personality dimension in thebj@nalysis and personnel
recruitment and selection processes, different goateation approaches for
personality traits have been used. Among thesgoaration approaches, Big Five
or FFM has become the most popular one in the peecselection research and
practice. It has been tested for predicting jobfggerance in many different
organizational contexts and its wide-acceptanceelsgarchers has triggered many
other studies in the literature. As a result thesedies “conscientiousness”
component of FFM has been found to be the most fitapb predictor of overall
performance across many occupational areas. Thigo@oent, even though is a
personality trait, it does predict task performareeen better than contextual
performance of individuals.

Based on these results, the personnel selectiorlrpoaposed in this study is based
on a “whole person” approach in which KSAOs inchglpersonality are identified
by performing job analysis. Therefore, personndedmn hypotheses will be
developed in a more structured manner so that sege&KSAOs and their levels
cover the whole job content. Although it may bedimonsuming, performing a
specific job analysis in the course of recruitmertdcess will help to determine up-
to-date KSAOs due to the changing nature of jobsoday’'s work environments.
Therefore specific hypotheses for specific persbiseéection problems arising at

different times can be developed and tested imotig run.
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4. FUZZY PERSONNEL SELECTION MODELS: FUZZY QFD AND FUZZY
MCDM

It has been widely recognized that most of thegdexs made in the real world taken
place in an environment in which the goals and tamgs, due to their complexity,

are not known precisely and thus; the problem cebe@xactly defined or precisely
represented in a crisp value. To deal with the kofdqualitative, imprecise

information or even ill-structured decision probkmZadeh (1965) suggested
employing fuzzy set theory as a modeling tool fomplex systems that can be
controlled by humans but are hard to define exadily noted that "Much of the

decision making in the real world takes place ireamironment in which the goals,
the constraints and the consequences of possibnaare not known precisely”
(Bellman and Zadeh 1970).

Fuzziness can be found in many areas in daily Biggh as in engineering, in
medicine, in meteorology, in manufacturing, andeosh frequently in all area in
which human judgment, evaluation or decision ar@artant. Most of our daily
communication uses natural language, which the mgaof words is very often
vague. The meaning of a word itself maybe wddfined, but when using the
word as a label for a set, the boundarigsimvwhich objects belong to the set
or do not become fuzzy or vague (Zimmermann, 1988g following sections
define fuzzy sets, fuzzy numbers and arithmeticduse the analysis of fuzzy

decision making.

4.1. Basic Definition of Fuzzy Sets

Fuzzy set theory is a mathematical theory thatiosmigered by Zadeh (1965) and
designed to model the vagueness or imprecisiomufam cognitive processes. This
theory is basically a theory of classes with urasarboundaries. A fuzzy set allows
intermediate values to be defined between convealttievaluations like true/false,
yes/no, high/low, etc. Notions like rather tall wery fast can be formulated
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mathematically and processed by computers, in aalepply a more human-like
way of thinking in the programming of computers dgh, 1984).

A fuzzy set can be defined mathematically by assgmo each possible element in
the universe of discourse a value representingrdade of membership to the fuzzy
set. When A is a fuzzy set and x is a relevantaipjbe proposition "x is a member
of A" is not necessarily either true or false, aguired by classical dual logic, but it
may be true only to some degree, the degree tohwhis actually a member of A.
Moreover, it is very often feasible to express @egrof membership in sets as well
as degrees of truth of the associated propositigneal numbers in the closed unit
interval of [0, 1]. This grade of membership cop@sds to the degree to which an
element is similar to or compatible with the coricegpresented by the respective
fuzzy set (Klir and Yuan, 1995).

Following Zadeh (1965), let X = {x} denotes a cali®n of objects, with a generic
element of X denoted by x. Then the fuzzy set AXinis characterized by a

membership functiom, (x) which associates with each point in X a reaiber in

the interval [0,1].
A={(x, p,(x)) }, for x0OOX (4.2)

wherep, (x) represents the grade of membership of x inid ja,: X — M is a

function from X to a space M called the membersppce. When M contains only
two points, 0 and 1, A is non-fuzzy and its membggrgunction becomes identical
with the characteristic function of a non-fuzzy.datthe case of a fuzzy set, there is
a class of objects with a continuum membership gyr&ar the sake of simplicity,
usually M is normalized and thus; it can be desdin a closed interval of [0,1],
with 0 and 1 representing the lowest and highesti@g of membership respectively
(Bellman and Zadeh 1970).

Fuzzy sets have imprecise boundaries that faeilitgtadual transition from
membership to non-membership and vice versa. Ttadugl transition provides a
broad utility, mainly in enabling a meaningful ampdwerful representation of
measurement uncertainties and representation ofievayg ill-defined concepts

expressed in natural language (Klir and Yuan, 1995)
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4.2. Fuzzy Numbers

Among the various types of fuzzy sets, those fuzg are of special significance
that are defined on the set R of real numbers.dnynsituations, one is only able to
characterize the numeric information imprecisehag¥r and Filev, 1994) such as
“around 107, “more than unity” or “nearly zero”, wd can further be represented as
a fuzzy subset of the set of real numbers. The neeship function of these sets in a

closed interval ofu,(x): R U [0, 1] clearly has a quantitative meaning, whioh i

certain conditions can be viewed as fuzzy numbefsazy intervals. To qualify as a
fuzzy number, a fuzzy set A on R must satisfy tbhedition of normality in which
the membership value must be in a closed interi/f0,al] and its support must be
bounded (Klir and Yuan, 1995). Most common typefuazy numbers are triangular
and trapezoidal. Other common types of fuzzy nusibeg bell-shaped and Gaussian

fuzzy numbers.

Triangular fuzzy numbers (TFNs) are used througlibig study since triangular
fuzzy numbers have proven popular with fuzzy logractitioners and been used
extensively due to their simplicity and computa#ibefficiency (Yen and Langari,
1999).

Hx

L M U

Figure4.1: Membership function for a TFEN.

A triangular fuzzy number is the special classudzly number whose membership
defined by three real numbers, expressed as (IJ)MThe triangular fuzzy numbers,

depicted in Figure 4.1, is represented as follows.
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 x—-L

,L<x<M
M -L
U_

H(x) =<

X,M <x<U (4.2)
u-™M

L 0,otherwise

Let M =(m,m,,m;)and N = (n,,n,,n,) be two triangular fuzzy numbers. The basic

arithmetic operations on these two triangular fummynbers are as follows (Dubois,
Didier and Prade, 1980).

MON = (m +n,m,+n,,m,+n,) (4.3)
M O N O(m xn,m,xn,,m,xn,) (4.4)
MN D(nﬂs,%,%) (4.5)
kM = (km, km,.km,) Ok>0kOR (4.6)
Distance betweeM and N using vertex method:

a1 = 3fem =+ =)+ 0. @)

4.3. Fuzzy Multi-criteria Decision Making

A decision making problem can generally be desdrie the process of searching
for or finding a course of action from a given sétfeasible alternatives which

maximizes or satisfies certain criteria associateth the goals intended to be
achieved (Zimmermann and Zysno, 1985). Multi-gatetecision making (MCDM)

problems are shown by m x n matrix, where m isnilmber of the alternatives, n is the
number of the criteria, containing elementg Of the matrix as an evaluation rating in
attribute j with respect to alternative i (i=1,2m, j=1,2,...,n). Accordingly, the processes
involved in the multiple criteria decision makingrcbe characterized as making

preference decisions through evaluation, priofiiimaor selection of alternatives in
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the presence of multiple, usually conflicting arige(Yoon and Hwang, 1995). They
are concerned mainly with the question as to whiltdrnative or course of action
should be undertaken under a specific situationcbgsidering many aspects,

including the degree of importance of each criterio

The classic MCDM methods generally assume thatrékria and their respective
weights are expressed in crisp values and thusratieg and the ranking of the
alternatives can be carried out without any problém a real-world decision
situation, the application of the classical MCDMthwa may face serious practical
constraints, due to the criteria perhaps contaimmgrecision or vagueness inherent
in the informationln many cases, performance of the criteria can belgxpressed
qualitatively or by using linguistic terms, whichertainly demands a more
appropriate method. The presence of fuzziness preamsion in a MCDM problem
will obviously increase the complexity of the dearssituation in many ways. Fuzzy
or qualitative data are operationally more difftcid manipulate than crisp data, and
certainly increase the computational requirememtgairticular during the process of

ranking when searching for the preferred altereatdChen and Hwang, 1992).

The attitude towards uncertainty and subjectiuiiyarent in human behavior during
the process of decision making has led to the nmewa af study which applies fuzzy
sets theory in the decision making area. This iewkn as Fuzzy Multi Criteria
Decision Making (FMCDM). The main feature of thigppaoach is that the
imprecision inherent in the qualitative informatican be formalized by applying
fuzzy sets theory. The FMCDM methods have basidadlgn developed along the
same lines as conventional MCDM methods, but aseggded with the help of fuzzy
set theory to deal specifically with MCDM problentontaining fuzzy data
(Zimmermann, 1987, 1996). The introduction of fuzst theory to the field of
decision making provides a consistent represematia@ualitatively or linguistically
formulated knowledge in such a way that still akote use of precise operators and
algorithms. The application of fuzzy set theorylvidcilitate the formulation of a
complex, ill-defined and subjectively perceived idem problem in a more
appropriate manner. It also enables the represemt@ihd adequate processing of the
vagueness or imprecision into the formal decisimdeh in such a way that there is
no simplification, but an intellectually and sciictlly acceptable manner (Carlsson
and Fuller, 1996).
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Based on the fuzzy concepts and operations on faamybers described above, the
proposed model in this study uses fuzzy extensudrisizzy multi-criteria decision
making methods such as FAHP, FTOPSIS and FVIKOReuR@FD framework.
FQFD is used as a framework for ensuring the deveént of job-related selection
criteria such that the whole job-domain is covenederms of performance and
required KSAOs. Under the FQFD framework, FMCDM hoets such as FAHP,
FTOPSIS and FVIKOR are used in this study. In tiifving sections, an overview

of QFD and multi-criteria decision making methoded in this study will be given.
4.4. QFD and FQFD

Quality function deployment (QFD) is a systematiethod for translating the voice
of customers into a final product through variowsduct planning, engineering and
manufacturing stages in order to achieve highetoousr satisfaction. QFD was
developed in Japan in the late 1960s by ProfesSioigeru Mizuno and Yoji Akao.

The purpose of Professors Mizuno and Akao was teldp a quality assurance
method that would design customer satisfaction iatgroduct before it was
manufactured. Prior quality control methods werénprily aimed at fixing a

problem during or after manufacturing.

The basic concept of QFD is to translate the desifethe customer into product
design or engineering characteristics, and subs#igueto parts characteristics,
process plans, and production requirements asedorth its manufacture. Ideally,
each translation uses a chart, called "House afifQti(HoQ) as seen in Figure 4.2.
A house of quality typically contains information performance characteristics or
customer attributes (CASSs), engineering charac¢iesi¢ECs), relationships between
CAs and ECs and among the ECs and benchmarking Tadamain objective of
applying QFD is to determine the target valuesh& ECs for a new/improved
product based upon the information contained ino®HCurrently, this is usually
accomplished in a subjective, ad hoc manner, argusiheuristic approach, such as
a prioritization-based method, with the view tolgieg a feasible design, rather than

an optimal one (Tang et al., 2002).

It is critically important to capture the customepgrspective in the corporate
language. The customer information comes from aewanf sources, including
surveys, focus groups, interviews, listening t@spéople, trade shows and journals,

existing data on warranty and customer complaiBsgert, 1991). Griffin and
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Hauser (1993) address specific issues on idengjfginstomer needs (how many
customers, how many analysts, groups vs. depthviates), structuring and sorting
customer needs, and measuring or estimating relatmportance. In practice, over
50% of the QFD effort is spent in capturing the Ca#wl relative importance of

performance characteristics (Bosserman, 1992).

Correlation
among ECs
ECs

=

Phase 1

CAs

Part Characteristics

o

ECs

Phase 11

Process Operations

-

Production Requirements

Phase II1

Part Characteristics

Phase IV

Process Operations

Figure4.2 : Four phases of QFD.

Using all four matrices is a powerful concept, buteality, it is often difficult to
achieve due to the time and resource constraimshvied in a project. The first
matrix is generally considered as the most importawatrix since it captures
customer attributes and the benchmarking informafar the product. The first
matrix of QFD; and steps involved in the constructof that matrix are given in

detail in Figure 4.3.
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Step 5
Generate engineering
characteristics (HOWs)

Step 3
Step.l Step 2 Identify competitors, Step 4
Identify Determine .
. Step 6 conduct customer Determine final
customers and relative . . o . .
collect customer importance Determine relations between | competitive analysis importance
. P! and WHATs and HOWs & set customer ratings of
attributes ratings of performance goals for WHATSs
(WHATS) WHATSs WHATS
Step 7
Determine initial technical
ratings of HOWs
Step 8

Conduct technical
competitive analysis & set
technical performance goals
for HOWs

Step 9
Determine final technical
ratings of HOWs

Figure4.3: First HOQ (Chan and Wu, 2005).

In practice, it is both difficult and unnecessaoyinclude all the HoQ elements
described above. In fact, different users buildfedént HOQ models involving

different elements from the Figure 4.3. The masipdée but widely used HOQ model
contains only the CAs (WHATSs) and their relativepontance, ECs (HOWS) and
their relationships with the CAs, and the importamatings of the ECs (Chan and
Wu, 2005).

The technical priority is a key result of QFD sinteguides the design team in
decision-making, resource allocation, and the sylesat QFD analyses (Tang et al.,
2002). Therefore, deriving the final importancekiags of ECs from input variables
is a crucial step towards successful QFD. Howetleg, inherent vagueness or
impreciseness in QFD presents a special challengesteffective calculation of the
importance of ECs. The vagueness and impreciseam@ssiue to a member of

reasons:

(1) The QFD process involves various inputs in finen of linguistic data, e.g.,
human perception, judgment, evolution on importawteCAs or strengths of
relationship between CAs and ECs, which are highillgjective, and vague (Chan
and Wu, 2002);
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(2) Formal mechanisms for translating CAs (whick generally qualitative) into

ECs (which are usually quantitative) are lackinige® are normally many CAs for a
product. Each CA can be translated into multiplesE&hd conversely a certain EC
may affect multiple CAs. In general, these CAs témdbe translated into ECs in a
subjective, qualitative and non-technical way, whghould be expressed in more
guantitative and technical terms. Hence, the kiatiips between CAs and ECs are

often vague or imprecise (Kim et al., 2000);

(3) Owing to the uncertainties in the design precéise data available for product
design is often limited and may be inaccurate, @aflg when an entirely new
product is developed, and a certain degree of veggseis often inevitable (Fung et
al., 2002).

Simonson (1993) stated that customers' preferemeesften fuzzy and imprecise,
e.g., very important" and “some important."addition, relationships between
CAs and ECs are identified qualitatively (Belhe dfsiak, 1996). This is often
ambiguous, e.g., strong relationship." Sincegdistic data cannot be easily

quantified, it may be more appropriate to treatrttees fuzzy rather than precise.

Research on FQFD has received many attentions (@em}en and Tiao, 1999;
Harding, Popplewell, Fung and Om&001), and made substantial progress. Masud
and Dean (1993) proposed the approach of priorgi&iCs, weights of CAs, and the
relationship between CAs and ECs using fuzzy numbHErne relationships between
the ECs and the CAs are computed through the fuzaghted average (FWA) to
calculate the priorities (Carnahan et al., 19948sus (fuzzy numbers representing
EC priorities) are defuzzified through the Centroéthod, to obtain crisp numbers
from fuzzy numbers. Khoo and Ho (1996) proposedapproach centered on the
application of possibility theory and fuzzy arithiiceto address the ambiguity in
QFD operation. Zhou (1998) proposed an approadhcitrabines fuzzy set theory
and mathematical programming. Triangular fuzzy nerabcapture the influences
that EC have on CA. The importance of each CA istered as a real number. The
priority of each EC is obtained by the fuzzy weaghtaverage (FWA). Moskowitz
and Kim (1997) presented an approach for determirt© targets, based on
mathematical programming — the level of satisfacfooduced by an EC value per
CA is expressed as a function. Fung et al. (1998 uhe analytic hierarchy process

(AHP) to find targets. CA are categorised by usamg “affinity diagram”, and
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prioritised by using the AHP. Wang (1999) used zzjuoutranking model designed
to achieve customer satisfaction and a balancedrdes$ the product. Shen, Tan,
and Xie (2001) proposed a fuzzy procedure to exarthie sensitivity of the ranking
of ECs to the defuzzification strategy and degree fuzziness of fuzzy
numbers.Vanegas and Labib (2001), proposed a FQipbach, using new fuzzy
weight approach. The new FWA calculated the coecteteights of the CAs based
on the customer’s level of importance and the camiga perception on the
customer’s requirements. Sohn and Choi (2001) devalFQFD model in order to
convey fuzzy relationship between customers neexds design specification for
reliability in the context of supply chain managemeKwong and Bai (2002)
proposed a FAHP approach to determine importanéghtwegs of ECs. However,
those previous studies did not consider the impatiisng ECs but one can recognize
easily that an EC with much impact (positive oratege) on a number of other ECs
normally is more significant than the one withléitor even no impact on the other
ECs. In recent years, Tang et al., (2002) and Feingl. (2002) approached the
relationship between customer satisfaction andrpnse satisfaction by optimizing
fuzzy coefficients subject to crisp objective fuonos and constraints. Erol and
Ferrell (2003) present a methodology to assistsitatimakers in selecting from a
finite number of alternatives when there is morantlone objective and both
qualitative and quantitative factors must be cogr@d. Yang et al. (2003) presented
the findings of a research effort to adapt HoQ &etrthe needs of buildable designs
in the construction industry and to develop a FQB&tem for buildability
evaluation. Kahraman et al. (2006) proposed angiated framework based on
fuzzy-QFD and a fuzzy optimization model is propbde determine the product
technical requirements to be considered in desggaiproduct. The coefficients of
the objective function are obtained from a fuzzglgiic network process approach.
FAHP is also used in the proposed framework. Adiegion in a Turkish company
producing PVC window and door systems is presettedlustrate the proposed
framework. Chen et al. (2004) formulated a new Yuzeegression-based
mathematical programming approach for the QFD progilanning. The authors
claim that the approach can help determine a seh@flevel of attainment of
engineering characteristics for the new/improveddpct to satisfy a budget
constraint and match or exceed the customer exjpmctaf all competitors in the

target market. Buyukozkan et al. (2004) used anyaoanetwork process, the
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general form of AHP, with the fuzzy triangular nuenlio prioritize ECs by taking
the degree of the interdependence between thensestoeeds and ECs, and their
inner dependences into account. Karsak (2004) gexpa fuzzy multiple objective
programming approach as an alternative to the icEssiathematical programming
formulations for prioritizing design requirements QFD planning process. The
relationships between customer needs and desiguireatents, importance of
customer needs, sales point data, extendibilitytandnical difficulty of the design
requirements are incorporated into the model ulsigmiistic variables, and uncertain
cost data are efficiently represented employingangular fuzzy numbers.
Blyukdzkan et al. (2005) proposed a new fuzzy grdepision-making to fuse
multiple preference styles to respond customer si@@groduct development with

QFD in a better way.

4.5. AHP and FAHP

To deal with a complex, hierarchical MADM problef@aaty (1980) proposed a
method for selecting the available alternativesdbgomposing a complex MADM
problem into a system of hierarchy. His method, Iwalown as the analytic
hierarchy process, structures the decision prolémlevels corresponding to goals,
criteria, sub-criteria and alternatives, makingatssible for the decision maker to
focus on a smaller set of decisions. Commonly,esanchy has at least three levels,
comprising the global or overall goal of the prablat the top, multiple criteria that
define alternatives in the middle and the compedilbgrnatives at the bottom. Figure
4.4 shows a generic hierarchic structure.

Goal

Criterion g;

Criterion g,

Criterion g,

Sub-criterion
211

Sub-criterion
212

Sub-criterion
Epn

Alternative 1

Alternative 2

Alternative q

Figure4.4: Generic AHP structure.
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The main feature of AHP is the utilization of pase comparison matrices to elicit
the relative importance of the alternatives in teiwheach criterion. It deals with the
decision m x n matrix, which is constructed by gsihe relative importance of the

alternatives with respect to each criterion. Thetee(a,, a,, ..., @) represents the

principal eigenvector of an n x n reciprocal matsiRich is determined by pairwise
comparisons of the impact of the m alternativesheni” criterion. The methodology

of the AHP can be explained in following steps:

Step 1: The problem is decomposed into a hieraotiypal, criteria, sub-criteria and
alternatives. This is the most creative and impurtpart of decision-making.
Structuring the decision problem as a hierarchiymglamental to the process of the
AHP. At the root of the hierarchy is the goal ornesbve of the problem being
studied and analyzed. The leaf nodes are the atteess to be compared. In between
these two levels are various criteria and sub+taitét is important to note that when
comparing elements at each level a decision-makeijust to compare with respect
to the contribution of the lower-level elementsth@® upper-level one. This local
concentration of the decision-maker on only parthefwhole problem is a powerful
feature of the AHP.

Step 2: Data are collected from experts or decisiakers corresponding to the
hierarchic structure, in the pairwise comparisonattérnatives on a fundamental

scale developed by Saaty (1994) as given in Talile 4

Table4.1: Pairwise comparison scale in AHP (Saaty, 1994).

Intensity of
importance | Definition Explanation
. Two activities contribute equally to the
1 Equal importance S
objective
3 Weak importance Experience and judgment slightly favour
of one over another one activity over another
5 Essential or strong Experience and judgment strongly favour
importance one activity over another
7 Demonstrated importance g\n a_ctivity i? strongly favoreq and it$
ominance is demonstrated in practice
The evidence favoring one activity over
9 Extreme importance another is of the highest possible order of
affirmation.
2,4,6,8 Intermed|a.te valug between When compromise is needed
e the two adjacent judgments '

Step 3. The pairwise comparisons of various cetegenerated at step 2 are

organized into a square matrix. The diagonal elesen the matrix are 1. The
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criterion in theiy, row is better than criterion in th& golumn if the value of element
(i, }) is more than 1; otherwise the criterion e jith column is better than that in the

ith row. The (j, i) element of the matrix is theipFocal of the (i, j) element.

1 a, o A
1/ 1 - ay,

A=lg]= ;% S a:2 (4.8)
1/a, 1l/a,, - 1

Step 4: The principal eigenvalue and the corresipgnaormalized right eigenvector
of the comparison matrix give the relative impocdarof the various criteria being
compared. The elements of the normalized eigenvemt® termed weights with

respect to the criteria or sub-criteria and ratwgh respect to the alternatives.

Step 5: The consistency of the matrix of ordés evaluated. Comparisons made by
this method are subjective and the AHP toleratesngistency through the amount
of redundancy in the approach. If this consistemzex fails to reach a required
level then answers to comparisons may be re-examirtee consistency index, Cl, is
calculated as

—_ Amax B n
Cl _—n—l (4.9)

where A . is the maximum eigenvalue of the judgment matrikisTCI can be

compared with that of a random matrix, RI givenTiable 4.2. The ratio derived,
CI/RI, is termed the consistency ratio, CR. Thei€Rcceptable if it does not exceed
0.10. The CR is > 0.10, the judgment matrix is mgistent. To acquire a consistent

matrix, judgments should be reviewed and improved.

Table 4.2 : Random consistency index values (Saaty, 2000).

Size of matrix 1 2 3 4 5 6 7 8 9 10

Random

. 0 0O | 058 0.9 112 124 132 141 145 149
consistency Index

Step 6: The rating of each alternative is multighli®y the weights of the sub-criteria
and aggregated to get local ratings with respedaith criterion. The local ratings

are then multiplied by the weights of the critearad aggregated to get global ratings.

65



The AHP produces weight values for each alternatdased on the judged

importance of one alternative over another witlpees to a common criterion.

However, due to the uncertainty and vaguenessdginents of decision makers, the
AHP seems insufficient and too imprecise to captheedecision makers' judgments
correctly. However, this uncertainty in inputs da@ modeled using the set of fuzzy
theory by considering two more possible outcomesallest possible value and
largest possible value. In the decision making remvnent of AHP, the relationship
between criteria and alternatives are uncertain iamgtecise as well as the input
information. In order to improve these disadvansagethe AHP, a fuzzy extension
of AHP, "FAHP", is applied to solve the hierarchiaad MCDM problem.

The FAHP technique can be viewed as an advancdgtianh method developed
from the traditional AHP. Despite the conveniende AP in handling both
quantitative and qualitative criteria of multi-enita decision making problems based
on decision makers’ judgments, fuzziness and vagggenxisting in many decision-
making problems may contribute to the imprecisegjudnts of decision makers in

conventional AHP approaches (Bouyssou et al., 2000)

The essential step in the FAHP methodology is theripzation procedure. There
are several approaches for deriving priorities fribra fuzzy pairwise comparison
matrices. Among the conceptual papers, Buckley 1 @Rrived fuzzy comparison
priorities from trapezoidal membership functionseBder, De Grann, and Lootsma
(1989) proposed an approach for local priority nalipation, Deng (1999) presented
an improved fuzzy approach to handle the multedat problems in an
uncomplicated manner, Leung and Cao (2000) disduske consistency and
ranking issues and contributed with a consistergnition. In view of the fact that
FAHP method is applicable to many selection anduai@n type of problems,
various application oriented papers appeared ititdrature. Table 4.3 lists some of
these approaches.

Many of the FAHP applications on various caseshmifound in literature based on
Chang’s extent analysis. Kwong and Bai (2002) &oblhis method to prioritize
customer requirements in the QFD. On the other hBoddg et al. (2003) utilized

this approach in the evaluation of CIM alternativé&ahraman et al. (2004)
developed an analytical tool to select one of #iering firm alternatives in Turkey.

Relationship between competitiveness and technotogyagement was established

66



by Erensal et al. (2006) using FAHP-based on Clsaegtent analysis. Chan and

Kumar (2007) proposed risk-based global supplieegment model utilizing with
fuzzy extended AHP-based approach. Kang and Le@7§2§tructured FAHP-based

ranking system for semiconductor fabrication. G@ed Takin (2007) presented a

comparative study to establish complex fuzzy methagles in evaluating the

performance of a manufacturing system and showatl RFAHP leads to the best

result. Also, this study uses Chang’s FAHP methmddietermining the weights of

the tasks In the following paragraphs, the outliéhe extent analysis method on

FAHP are given.

Table4.3: Comparison of different FAHP methods (Blyukdzkaalgt2004).

Sources

The main characteristics of the

method

Advantages (A) /
Disadvantages (D)

Van Laarhoven and
Pedrycz (1983)

Direct extension of Saaty’s
AHP method with triangular
fuzzy numbers

Lootsma’s logarithmic least
square method is used to
derive fuzzy weights and
fuzzy performance scores

(A) The opinions of multiple
decision makers can be
modeled in the reciprocal
matrix

(D) There is not always a
solution to the linear equation
(D) The computational
requirement is tremendous,
even for a small problem
(D)It allows only triangular
fuzzy numbers to be used

Buckley (1985)

Extension of Saaty’s AHP
method with trapezoidal
fuzzy numbers

Uses the geometric mean
method to derive fuzzy
weights and performance
scores

(A) Itis easy to extend to the
fuzzy case

(A) It guarantees a unique
solution to the reciprocal
comparison matrix

(D) The computational
requirement is tremendous

Boender et al. (1989)

Modifies Van Laarhoven and
Pedrycz’'s method

Presents a more robust
approach to the normalization
of the local priorities

(A) The opinions of multiple
decision makers can be
modeled

(D) The computational
requirement is tremendous

Chang (1996) Synthetical degree values  (A) The computational
Layer simple sequencing requirement is relatively low
Composite total sequencing (A) It follows the steps of
crisp AHP. It does not involve
additional operations
(D) It allows only triangular
fuzzy numbers to be used
Cheng (1996) Builds fuzzy standards (A) The computational

Represents performance
scores by membership
functions

Uses entropy concepts to
calculate aggregate weights

requirement is not tremendou
(D) Entropy is used when
probability distribution is
known. The method

is based on both probability

and possibility measures
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Let 0={0,,0,,...0,} be an object set, and ={g,,9,,....9,} be a goal set.

According to the Chang’s extent analysis, eachabgeconsidered one by one, and
for each object, the analysis is carried out focheaf the possible goals,.g
Therefore, m extent analysis values for each obgeet obtained and shown as

follows:
M;,MZ,..M i=12,.n where all theM! (j=1,2,...m)are triangular fuzzy
numbers. The steps of the Chang’s extent analgsi®e summarized as follows:

Step 1: The value of fuzzy synthetic extent witbpect to the"l object is defined as:

§=> M D{ZM} (4.10)

j=1

m .
To obtain ZM , » we perform the fuzzy addition operation rofextent analysis
j=1

values for a particular matrix such that
ZMéi =(Z'j,2mjp 1ujj (4.11)

-1
and to obtain {ZZM‘} we perform the fuzzy addition operation of

M/} (j=12,...m) values for a particular matrix such that,

PHIL =(2'2m2“j (4.12)

-1
{ZZMJJ =| o 5 | whereu, m, >0 (4.13)
i=1 j= u |

68



Step 2: The degree of possibility ™, =(1,,m,,u,) > M, =(l,,m,u,)is defined as

Vv (|\7|2 > |\7|1) :sygxp[ mir(,uml (%4 ),uMZ % ﬂ which can be equivalently expressed as,

1 if m2m
V(M,=M,)=hgt(M,n M,) =10 if 1,2u, (4.14)
L -y, otherwise
(M, —u,) = (m, =1y

Figure 4.5 illustrates where d is the ordinate e highest intersection point D

between /JMland/JMZ. To compare M and M, we need both the values of

V(l\7|2 > |\7|1) andV(l\7|12 |\7I2).

LA i i
M, M,
1
V(|\7|22|\7|1) D
0 >
l, ml d um U

Figure4.5: Interaction between Mand M.

Step 3: The degree possibility for a convex fuzagnber to be greater than k convex

fuzzy numbersM, (i = 1, 2, ..., k) can be defined by

<

V(M 2N, M,,..M,)=V(M2M,)nV(MzM,)n.V(M2M,)

:minV(|\7I 2I\7Ii) i=1,2,..,k (4.15)

Assume thatd(A)=min V(§<S)for k = 1, 2, ..., n; k i. Then the weight

vector is given by
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W' =(d'(A).d'(A,).....d'(A)) (4.16)

where A (i =1,2,... ,n) are n elements.

Step 4: Via normalization, the normalized weighttees are:

w=(d(A).d(A),....d(A)) (4.17)

where W is a non-fuzzy number.

Despite the intensive use of Chang’s extent amalysthod in the FAHP literature,
Wang and Hua (2007) suggested that the Chang'siteatsalysis method cannot
estimate the true weights from a fuzzy comparisatrion and has led to quite a
number of misapplications in the literature. Theyé shown by examples that the
priority vectors determined by the extent analysisthod do not represent the
relative importance of decision criteria or altéivies and that the misapplication of
the extent analysis method to FAHP problems mag teaa wrong decision to be
made and some useful decision information such exgsion criteria and fuzzy

comparison matrices not to be considered. They las@ shown that the extent
analysis method might assign an irrational zerogiteito some useful decision
criteria and sub-criteria, leading to them not o donsidered in decision analysis,
and hence the extent analysis method could not nfalkkeuse of all the fuzzy

comparison matrices information and might causeesaiseful fuzzy comparison

matrices information to be wasted. Therefore initamidto Chang’s extent analysis,
two other prioritization methods in FAHP, namelydddive prioritization as

proposed by Deng (1999) and prioritization by gemimeneans (Buckley, 1985) are
proposed to be used comparatively in the courseQ@FD process for ranking the

tasks involved in the job in question.

4.6. TOPSISand FTOPSIS

Technique for Order Performance by Similarity tedd Solution (TOPSIS), one of
the known classical MCDM methods, also was firsteli@ped by Hwang and Yoon
(1981). It bases upon the concept that the chdsemative should have the shortest

distance from the Positive Ideal Solution (P1S),,ithe solution that maximizes the
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benefit criteria and minimizes the cost criteriagdahe farthest from the Negative
Ideal Solution (NIS), i.e., the solution that maxies the cost criteria and minimizes

the benefit criteria.

According to Kim et al. (1997) and Shih et al. (8)0our TOPSIS advantages are
addressed: (i) a sound logic that represents tienede of human choice; (ii) a scalar
value that accounts for both the best and worstradtives simultaneously; (iii)) a

simple computation process that can be easily progred into a spreadsheet; and
(iv) the performance measures of all alternativesitributes can be visualized on a

polyhedron, at least for any two dimensions.

To clarify its features, the characteristics of T8)¥ and AHP are compared in Table
4.4. We can see that the major weaknesses of TC&8Ii8 not providing for weight
elicitation, and consistency checking for judgmemtswever, AHP’s employment
has been significantly restrained by the human agpéor information processing,
and thus; the number seven plus or minus two wbeldhe ceiling in comparison
(Saaty and Ozdemir, 2003). From this viewpoint, B8 alleviates the requirement
of paired comparisons and the capacity limitatioghnnot significantly dominate
the process. Hence, it would be suitable for cagts a large number of attributes
and alternatives, and especially handy for objeabvquantitative data given.

Table4.4: Comparison of characteristics of AHP and TOPSI&in®t al., 2006).

Characteristics AHP TOPSIS

Category

Cardinal information, information
on attribute, MADM

Cardinal information, informatio
on attribute, MADM

Core process

Pairwise comparison
(cardinal ratio measurement)

The distances from PIS and NI$

(cardinal absolute measuremen

v

Attribute Given Given
Weight elicitation Pairwise comparison Given
Consistency check | Provided None
No. of attributes 7 £ 2 or hierarchical
" Many more
accommodated decomposition
No. of alternatives 749 Many more
accommodated
Others Compensatory operation Compensatory oparatio
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Suppose there are J alternatives denoted .asa, . For alternative,, the rating of
the " aspect is denoted y, i.e. f; is the value of'f criterion function for the
alternativen, .

Step 1: Calculate the normalized decision matrike Thormalized valuej;ris

calculated as

f.
— j
rij =

= fori=1,...nj=1,...,J.
Zf.? (4.18)
i=1

i

Step 2: Calculate the weighted normalized decimatrix. The weighted normalized

value \; is calculated as

v. =wr.,fori=1,...,nj=1,..., J (4.19)

ij 17ij Y

n
where wis the weight of theattribute or criterion, antzlwi =1.
i=1

Step 3: Determine the ideal and negative-idealtsoiu

A :{vz,...,v*n} ={(maxy, [i03,),(minv; 03, )) (4.20)

A ={v,... v} ={(miny; [T0J,), (maxy; FUJ,)} (4.21)

where J is associated with benefit criteria, andslassociated with cost criteria.

Step 4: Calculate the separation measures, usiagntbdimensional Euclidean
distance. The separation of each alternative fltzandeal solution is given as

d = /__1 (v, —V ¥, i=1,2,...,d (4.22)

Similarly, the separation from the negative idedlison is given as

d; =,/i(vu -v))* L FL2,.0 (4.23)
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Step 5: Calculate the relative closeness to thed stdution. The relative closeness of
the alternative;avith respect to Ais defined as

* j

' d;+d

=12,

]

(4.24)

Step 6: Rank the preference order.

Due to the similar reasons valid for AHP, TOPSIS haen extended to FTOPSIS in
which the ratings and weights of the criteria ia gfroblem are assessed by means of
linguistic variables. These FTOPSIS applicatiorfeedifrom each other in terms of
attribute weights, type of fuzzy numbers used, i@mknmethods and normalization
methods. Kahraman et al. (2007) made a comparisthred-TOPSIS methods in the

literature as given in Table 4.5.

Table4.5: Comparison of FTOPSIS methods (Kahraman et al. 7200

Type of Normalizatio
Attribute fuzzy n
Sour ce weights numbers Ranking method method
Chen and . . .
Fuzzy . Lee and Li's (1998) generalized | Linear
Hwang Trapezoidal o
numbers mean method normalization
(1992)
Liang Fuzzy Trapezoidal Chen’s (1985) ranking with Manhattan
(1999) numbers b maximizing set and minimizing st distance
Chen (2000) assumes the fuzzy
Chen Fuzzy Trianaular positive and negative ideal Linear
(2000) numbers 9 solutions as (1, 1, 1) and (0, 0, 0) normalization
respectively
chu Fuzz Liou and Wang'’s (1992) ranking | Modified
y Triangular | method of total integral value with Manhattan
(2002) numbers - )
a=1/2 distance
Tsaur etal.| Crisp Trianaular Zhao and Govind’s (1991) centre| Vector
(2002) values 9 of area method normalization
Chu and Fuzzy Trianaular Kaufmann and Gupta’s (1988) Linear
Lin (2003) | numbers 9 mean of the removals method normalization
. Chen’s (2000) fuzzy positive and
Zhang and Crisp Triangular | negative ideal solutions: as (1, 1,|1 _anhattan
Lu (2003) values X istance
and (0, 0, 0) respectively

A few significant studies employing FTOPSIS in thierature may be summarized
as follows. Triantaphyllou and Lin (1996) develoetluzzy version of the TOPSIS
method based on fuzzy arithmetic operations, wHedds to a fuzzy relative
closeness for each alternative. Chen (2000) extémelSTOPSIS method to fuzzy
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group decision making situations by defining agiisiclidean distance between any
two fuzzy numbers. Chu (2002) presents a FTOPSI8eiior solving the facility
location selection problem. Tsaur, Chang and Ye®0Z2 first convert a fuzzy
MCDM problem into a crisp one via centroid defuiation and then solve the
nonfuzzy MCDM problem using the TOPSIS method. Zhand Lu (2003) present
an integrated fuzzy group decision-making methoarder to deal with the fuzziness
of preferences of the decision-makers. Chu and (RB0D3) propose a FTOPSIS
approach for robot selection where the ratingsasious alternatives under different
subjective attributes and the importance weightsalbfattributes are assessed in

linguistic terms represented by fuzzy numbers.

4.7.VIKOR

The VIKOR (the Serbian name, VliseKriterijumska @pgacija iKompromisno
Resenje, means Multi-criteria Optimization and Coongise Solution) method was
introduced as one applicable technique to implenvatitin MCDM (Opricovic,
1998). It determines the compromise ranking-lise tcompromise solution, and the
weight stability intervals for preference stabildf/the compromise solution obtained
with the initial (given) weights. This method foesson ranking and selecting from a
set of alternatives in the presence of conflictergeria. The VIKOR method
introduces an aggregating function, representiegdibtance from the ideal solution.
This ranking index is an aggregation of all craerihe relative importance of the

criteria, and a balance between total and individatisfaction.

VIKOR is a helpful tool in multi-criteria decisiomaking, particularly in a situation
where the decision maker is not able, or does nowkto express his/her preference
at the beginning of system design. The obtainedpcomise solution could be
accepted by the decision makers because it pro@deaximum ‘“group utility” of
the “majority”, and a minimum of the individualegret of the “opponent”. The
compromise solutions could be the basis for negiohig, involving the decision
makers’ preference by criteria weights. The compsemanking algorithm VIKOR

has the following steps:
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Step 1: Determine the best solutiorf | and the worst solution f(") for all

assessment criteria. &nd b in equations (4.25) and (4.26) represent bengaféra
set and cost criteria set respectively.

f"=[(max, f,|iO1,) , (min f, [i01,)] B, (4.25)
f."=[(min, f,|i01,), (max f,|i01, )]0, (4.26)

Step 2: Calculate the; @nd Rvalues where (tf;)/(f-f;) in Equations (4.27) and
(4.28) is the distance ratio of the i criterionj ¢d the ideal solution. ws the weight
obtained by using the i criterion. By adding aitemnia in j together, we can get the
maximum “collective” benefit ($ R is the ratio criterion selected from j and is

farthest from the ideal solution. The smallea&d R are, the better j will be.
Si :zvvi(fi*_ fij)/(fi* -f7) (4.27)
i=1

R, =max{w (f, = f)/(f" =17, j=1.2,..9 (4.29)
Step 3: Calculate the Q value whergi€xhe benefit value of j combining collective
(S) and individual (R. Its calculation is shown in Equation (4.29). Tdeameter
is the coefficient for decision-making mechanismhad it is larger than 0.%, will
represent the decision of the majority of the peopVhen it is equal to 0.5
represents the decision that is passed reluctavithen it is smaller than 0.5, v

means that the decision is not approved.
Q =S -S)(S -S)+-V(R -R)/(R -R) (4.29)
whereS =min; S, , S =max; S, , R =min; R, , R"max; R,

Step 4: Rank the alternatives, sorting by the \aBeR and Q, in decreasing order.
The results are three ranking lists.

Step 5: Propose as a compromise solution the atteend which is ranked the best

by the measure Q (minimum) if the following two diions are satisfied:
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Condition 1: The alternative’ das an acceptable advantage, in other word$)Q(a

Q(a)=DQ where DQ =1/(m~-1) and m is the number of alternatives (DQ = 0.25 if

m < 4) and; &and & are the optimum and second optimum solution resfEdyg

according to ranking of Q values.

Condition 2: The alternative 'ds stable within the decision-making process,theo
words it is also the best ranked in S and/or RsTampromise solution is stable
within a decision making process, which could beoting by majority rule” (when

v > 0:5 is needed), or “by consensug> 0:5, or “with veto” (v < 0:5). Here, v is
the weight of the decision making strategy “thejoniéy of criteria” (or “the

maximum group utility”).

If either one of the above two requirements faildé satisfied, we can work out a
compromised solution by the following means: (1)hi first requirement fails to be

satisfied, and shall be taken as the compromisddti®o. (2) If the second
requirement fails to be satisfied;,d', ... ,4" shall be taken as the compromised

solution.

If one of the conditions is not satisfied, then e ef compromise solutions is

proposed, which consists of:

* Alternatives aand 4 if only condition 2 is not satisfied, or

« Alternativesa , d', ... , 4" if condition 1 is not satisfied; and" is determined by
the relation Q(a(M))— Q( a) < DQ for maximum M (the positions of these
alternatives are “in closeness”).

The best alternative, ranked by Q, is the one thighminimum value of Q. The main
ranking result is the compromise ranking list dlealatives, and the compromise
solution with the “advantage rate”.

Due to the similar reasons mentioned for AHP andP$(3; VIKOR also has been
extended to FVIKOR in which the ratings and weigbitshe criteria in the problem

are assessed by means of linguistic variables.eTisenot an intensive study about
FVIKOR in the literature. The FVIKOR method applied this study is based on

Blyukdzkan and Ruan (2008) which will be explaine@hapter 5.
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4.8. Previous Resear ch about Fuzzy Personnel Selection and Allocation Models

There is not much work in the literature about penel selection or allocation
which uses fuzzy sets, fuzzy arithmetics or any MCBiethod which is extended
for including vague and subjective information bging fuzzy concepts and

linguistic variables.

Liang and Wang (1994) present a fuzzy multi-crgetecision making algorithm for
personnel selection. Their approach makes useupiyfranking methods to
determine the most suitable candidate. Shaout drfsh&nmari (1998) presents a
proposed application of the fuzzy set theory t@@gnnel performance evaluation system.
An application to the performance evaluation inghdr educational setting is proposed.
Their study is intended to provide an illustratieseample that would encourage the
application of fuzzy set theory in the domain oé tmulti-attribute performance

appraisal of faculty members.

Shipley et al. (1999), applies fuzzy logic to mudtiribute decision making problem
where the project manager must select project te@mbers from candidates, none
of whom may exactly satisfy the ideal level of Ekiteeded at any point in time. The
decision mechanism is constrained by the unceytantterent in the determination
of the relative importance of each skill and thasslification of potential team
members. This latter uncertainty of potential teasmbership is addressed through
expert evaluation of the degree to which each piaieteam member possesses each
skill. Then the belief and plausibility that a catate will satisfy the decision
maker's ideal skill levels are calculated and comthito rank order the available
candidates. The changing skill requirements areremdéd through an iterative

process for each project phase.

Yaakob and Kawata (1999) presented a new propasaolve the problem of
placement of workers in a production line. Thehaut focused on the group
evaluation among the workers assigned to a growap uging triangular fuzzy
numbers and fuzzy arithmetics. In their paper,ardy the individual evaluation but
also the group evaluation are performed and includefind a better combination
based on the relationship among workers to assignegoups. The objective is the
maximization of a composite function obtained bynsung the workers suitability

and the relationship among the team members fdr jelac
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Karsak (2000) proposed a fuzzy multiple objectivegoamming approach for
personnel selection. The proposed method integtatedecision-maker’s linguistic
assessments about subjective factors such asemxoelin oral communication skills,
personality, leadership, and quantitative factoxshsas aptitude test score within the
multiple objective programming framework. The imamice degree of each
objective is considered by applying the compositmperator to the objective’s
membership function and the membership functionresponding to its fuzzy

priority defined by linguistic variables.

Shen et al. (2002) proposed a multi-criteria asseas model that considers the
relationships between human resources. They unddfie fact that several workers,
with different skills and expertise, may share faene role in the organization but
the selection of appropriate individuals, basedetyeon the relationship between a
role and a task, is not very effective. They ala&et into account the social
relationships among workers and the learning poces evaluate worker

performance. They use linguistic variables and yuzambers to evaluate worker

suitability for each task.

Kwak et al. (2003) adopts a fuzzy set approachoteeshuman resource allocation
problems. A solution procedure based on a fuzzyaggiroach is proposed to
systematically identify a satisfying selection afspible staffing solutions that can
reach the best compromise value for the multipleailves and multiple constraint
levels associated with risk or ambiguity in audamming problem. The study deals
with the risk or the ambiguity in an audit planniagd staffing problem so that
certified public accountants firm can make a reéialidecision regarding its human
resource allocation problems as well as the firroigerall strategic resource

management when environmental factors are uncertain

Tseng et al. (2003) proposed a solution to assinapany to form project teams
through grouping system characteristics and selgctjualified members. The
methodology is based on fuzzy sets theory and dexysion theory. Fuzzy sets
theory is applied to deal with problems involvingn@guities, which are normally
confronted in multi-functional teams formation pree and form groups, when there
is no clear boundary for relationship between austs’ requirements and project

characteristics. The fuzzy planning matrix was ugedollect and represent the data
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for the multifunctional team selection model. Alsogrey decision making approach
was formulated to determine the required compasibioteams.

Golec and Kahya (2006) utilizes the theory of fuzmts to demonstrate the
applicability of fuzzy logic for expressing the erient imprecision in the way that
people think and make decisions about the emplaseduation and selection
process. Their study proposes an approach to namgsubjective judgment in the
effective employee evaluation and selection in éxéstence of the multi-factor

competency-based measures in a hierarchical steuctu

Canos and Viern (2006) developed a flexible denissupport system to help
managers in their decision-making functions. Thasision support system simulates
experts’ evaluations using ordered weighted aveemggregation operators, which
assign different weights to different selectiorienia. They also show an aggregation
model based on efficiency analysis to put the adatds into an order. Their proposal
iIs to evaluate the candidates by means of a fuzeyghted mean of their

competences and to sort the candidates using agamethod for fuzzy quantities.

Baran and Kilgiz (2006) developed a multi-criteria and multi-estpeacademician
selection system developed for universities usumzy weighting and fuzzy ranking.
In the proposed system, effects of many criterid siews of many experts are
evaluated for selection. Number of criteria, numdfelinguistic variables of criteria,
names of linguistic variables, membership functiohéinguistic variables, number
of experts and alternatives is flexible in the megd system. Experts can determine
importance levels of criteria and performance ahealternative for each criterion as
linguistic or numerical. The system weights theeralaitives using standard fuzzy
arithmetic and ranks as fuzzy. Maximizing set aridimizing set method has been

used for ranking alternatives.

Gungor et al. (2008) proposed a personnel selesystem based on FAHP. The
FAHP is applied to evaluate the best adequate peetaealing with the rating of
both qualitative and quantitative criteria. Theule®btained by FAHP is compared
with results produced by Yager's weighted goals hoét In addition to above
mentioned methods, a practical computer-based idacisupport system is
introduced to provide more information and help agers make better decisions

under fuzzy circumstances.
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Huang et al. (2008) proposed a systematic appregttha feedback mechanism in
which the interdependences among positions andiffegences among the selected
employees are considered simultaneously. The pearpbtheir study is to obtain the
best matching of candidates and positions in otdeorganize a collaboratively
cross-functional team. In the proposed approactpi-abjective binary integer
programming model is formulated. Based on the wedhcomposite scores
determined in the third step of the proposed proeedthe binary integer
programming model is transformed into a fuzzy becbve goal programming
model. An elaborately designed heuristic algoritisnrdeveloped to determine the
appropriate values of several important paramaterthe fuzzy bi-objective goal

programming model, which is solved using LINDO 8.0.

The common point in these research papers mentanede is that they do not take
content-validity and criterion-validity into accaurrhey do not use FQFD and/or
job analysis as a basis for identifying necessaomiedge, skills, abilities and other
qualifications required for performing the job. Tée&lection or allocation criteria are
chosen arbitrarily for the sake of emphasizingubage of fuzzy concepts in the field

of personnel selection research.

4.9. Chapter Summary

In this chapter, basic information about the fudegision making techniques used in
this study and rationale of using these technidnze® been explained. The proposed
model in this study uses FAHP to determine the ltsigf the tasks and; FTOPSIS,
and FVIKOR methods have been used in the finalctele process. The types of
fuzzy decision making methods used in the finad&@n phase could be extended to
other methods such as Fuzzy PROMETHEE, or FuzzyHIHEE 1ll and etc.
However, not to diverge from the main point, thisdy is limited to using FTOPSIS

and FVIKOR methods in the final selection phase.

In the last section of this chapter, the persose#dction research which is based on
fuzzy sets has been explained. As it has been amattiabove, FQFD has not been
used in any of these studies and KSAOs used inetlstgdies are identified
arbitrarily without performing a job analysis anansidering performance-predictor
relationships. Thus, these studies are not basedhesformance theories and

personnel selection research. The main focus iseth&udies is generally the
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delineation of the analytical methods used. Diffiefeom them, this study bases the
proposed model on previous personnel selectiorparfdrmance research as well as
it uses fuzzy decision making approaches. The fwaorieof the proposed model and
the computational procedures of these fuzzy detisimking methods will be

explained in the following chapter.
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5. PROPOSED PERSONNEL SELECTION MODEL BASED ON FUZZY
QUALITY FUNCTION DEPLOYMENT

The proposed model in this study uses FQFD asnaefrenrk to translate the content
of the job into personnel characteristics and persb characteristics into the
candidates. The translation of job content intcspenel characteristics, which are
stated in terms of KSAOs, is performed at the thslel because in hiring an
employee for a certain position, what the emplagereally interested in the first
place is the performance of personnel in the taskctivities involved in the job in

question rather than the characteristics of theqrarel.

A task refers to a specific action being appliedatspecific object, and must be
observable, have a definite beginning and endresdt in a completed work action
or measurable product (Gael, 1990). However, ttaerments solely do not explain
all aspects of the job in order to cover the whole content. Therefore, these task
statements should also include, tools and techgalsgd, organizational and work
context descriptors. Tools and technologyolve machines, equipment, tools,
software, and information technology which empl®yemay use for optimal
functioning in a high performance workplace. Orgatibnal contextinvolves
characteristics of the organization that influemosv people do their work. Work
context descriptors are conditions under which gahivities must be carried out
including physical conditions (e.g., temperature anise) and social-psychological
conditions (e.g., time pressure and dependencdlmrs) that have the potential to
influence how people perform certain work actiatién the following sections, an
overview of the proposed model, its computatiorsdlils and its application for two

real-life cases are presented.
5.1. Model Overview

The proposed FQFD process for personnel selectieriiio phases as seen in Figure
5.1. In Phase | of the FQFD process, tasks correspo the CAs; and similarly,

personnel characteristics correspond to the ECsheftraditional HoQ process
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performed in the product design applications wistéagements of tasks and personnel
characteristics required to perform the job areaiiieomes of the work-oriented and

worker-oriented job analysis processes respectively

Personnel Requirements Candidates
&
<
[}
£
L
9 El
-
4 Phase | 2 Phase 11
= 5
)
fi
S
£
[
a

Figure 5.1 : FQFD process in personnel selection context.

In Phase |, first the relative weights of the tagks determined by FAHP. Next, the
level of relationship between each task and eadsopeel characteristic are
identified (if there exists) by the SMEs and/or joltumbents. The importance
weights of the characteristics are obtained by yuaeighted sum as the final
outcome of this phase. Thus, statements of tasikdved in the job in question are
translated into the personnel characteristics aed tevels, which are required to

perform the job with the desired performance level.

In Phase II, a matrix of personnel characteristiescandidates is constructed and
each candidate is evaluated based on each persomaelcteristic. By using the
personnel characteristics’ weights obtained in BhaEMCDM methods (FTOPSIS
and FVIKOR) are applied to rank the candidates weatpect to required personnel
characteristics. The computational procedureseptioposed model are explained in

the following sections.

5.2. The Proposed Personnel Selection Model

The proposed model described in Figure 5.1 ha® tim@or stages as seen in Figure
5.2. The first two stages are involved in the PHamed; Stage 3 is involved in the
Phase Il of the FQFD process as described aboweseTthree stages are as follows:
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1. Determination of tasks’ importance ratings byng$AHP

2. Tasks - (KSAOs) Linkages

3. Final selection

Determination of criteria for
ranking the tasks

Determination of tasks
involved in the job by work-
oriented job analysis

Determination of KSAOs
required by the tasks

involved in the job by
worker-oriented job analysis

Pairwise comparison of Pairwise comparison of tasks Evaluation of task-KSAOs
criteria by using linguistic with respect to the criteria by relationships by each
variables by each decision each decision maker using decision maker using

maker linguistic variables linguistic variables

v

Conversion of linguistic
pairwise comparison matrix
(PCM) into fuzzy PCM

; ; V

Conversion of linguistic
pairwise comparisons into
fuzzy numbers

Conversion of linguistic
evaluations of relationships
into fuzzy relationships

‘ : Phase |
Aggregation of PCMs of all Aggregation of PCMs of all Aggregate ﬂ?e tuz? y ta§k
. . KSAOs relationships of all
decision makers decision makers decision makers
L C(‘)mputatlon of fuz?y Calculate the overall fuzzy
Computation of fuzzy performance levels of the weights of the KSAOs
weights of the criteria tasks with respect to each e .
o > required to perform the job
criteria
Task M
Importance Calculate overall importance
Rating by weights of the tasks involved 1 Tasks-KSAOs
Fuzzy AHP inthe job Linkages
Final Selection Phase II

Figure 5.2 : Steps of the proposed personnel selection model.

In the following sections, the steps involved ie three stages of the model are
given in detail.
5.2.1. Determination of tasks’ importance ratings ¥ using FAHP

The Phase | of FQFD aims to translate the taskslved in the job in question to
personnel characteristics required to perform tite gnd their levels. In order to

perform this translation, the importance ratingshef tasks must be determined. The
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importance weights of the tasks are determined BAEP that is a quite popular
method in determining the importance ratings in diplications. In the following
sub-sections the steps of performing FAHP are éxgdbin detail.

Step 1: Determination of criteria for ranking tlasks:

Overall task importance is complex, multidimensipaad often subjective (Harvey,

1991; Raymond, 2001; Sanchez & Levine, 1989). ltescommended that two or
more one-dimensional scales be statistically coptbimto an overall composite of
task importance. For example, a criticality scaleew combined with a frequency
scale would provide a very meaningful estimate wérall importance. Kane et al.

(1989) found that indices of task importance detifrem linear combinations of two

other scales were generally more reliable tharstioljudgments of task importance
made on a single scale. Instead of linear comlunadiifferent scales, this study
proposes FAHP for determination of tasks’ imporeamneeights and overall task
importance is operationalized by task criticalifyC{), task frequency (TF) and time
spent (TS) for the task where TC represents howhndlifference it makes in terms
of client outcomes if the activity is performed Wet badly and TF expresses how
often the activity occurs. The decision hierarchythe proposed is seen in Figure
5.3.

Task Importance

Task criticality Time Spent Task Frequency

Task 1 Task 2 Task3 | - - - Task n

Figure 5.3 : Task importance hierarchy.

Step 2: Pairwise comparison of criteria by usimgiistic variables by each decision

maker:

The proposed model suggests the involvement ofiphelltiecision makers in the

personnel selection process since they may haterafit views about the contents
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and requirements of the jobs. In this step, thmr#er@, namely task criteria, task

frequency and time spent, are compared with ealslrdiy each decision maker
using the linguistic variables given in Table 9tlshould be noted that the elements
in the diagonal of the fuzzy pairwise comparisoririoes are always “Just Equal”

instead of “Equally Important”.

Step 3: Conversion of linguistic pairwise compamiswoatrix (PCM) into fuzzy PCM:

In fuzzifying the linguistic PCM into the fuzzy PCMhe linguistic variables and
corresponding scales given in Table 5.1 have bsed.u

Table 5.1 : Triangular fuzzy conversion scale (Tuystiz and Katfana, 2006).

Triangular
Triangular fuzzy | fuzzy reciprocal
Linguistic scale scale scale

Just Equal (1,1,1) 1,1,1)
Equally important (1/2, 1, 3/2) (2/13, 1, 2)
Weakly more important (1, 3/2, 2) (272, 2/3, 1
Strongly more important (312, 2, 5/2) (2/5, 1/23)2/
Very strongly more
important (2, 5/2, 3) (1/3, 2/5, 1/2
Absolutely more important (5/2, 3, 7/2) (217, 128)

As a result of this conversion, the fuzzy PC@I"O given below is obtained for each
decision maker.

TC

ok
X1

TC
B*=TF

TS

ok
X21

VA
X31

(5.1)

where iij" represents the fuzzy pairwise comparison of catesiersus criterig by

decision makek.
Step 4: Aggregation of PCMs of all decision makers

If the decision group hals persons, then the pairwise comparison values zmyfu

PCM (I§") can be aggregated by using geometric mean ofpdrameters of

triangular numbers assigned by each decision makese denoteij™ value in
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aggregated fuzzy PCM &s=(L;,M;,R,), thenL;, M; andU; can be calculated as

1!

follows:

L =gl 000 ,i=12..mand j=12,..m (5.2)
M, =¢yM{OMZ0..0MS,i=12,...mandj=1.2,..,m (5.3)
Uy, =gUi0U20..0Uf i=12,..mand j=12,..m (5.4)

whereK is the number of decision makers.
Step 5: Computation of fuzzy weights of the crderi

The fuzzy weights of the criteria can be calculdigdadditive prioritization method
as used by Deng (1999) as follows:

W:l—
=g 55)
5 5x

=1 i=

2

wherei = TC, TFand TSndj=TC, TFand TS

Based on the fuzzy weights we have obtained by tequ#5.5), we can perform
Chang’s extent analysis which is explained in sect.5. At this step, we can

calculate the degree of possibility M(W > \N) Oi,k, i#k by using equation

(4.14). Assuming that (A)=min V(W< W) Ok, the weight vector of the task

importance criteria is found asV'=(d (Ac), d( A:), d( A)) . Finally, we
normalize the vector W', and obtain the normalized weight vector
W=(d(Ac), d( Ar). o AS))TWhich is a non-fuzzy vector of task importance
criteria weights.

In addition to additive prioritization and Changggtent analysis, fuzzy weights of
the criteria can be obtained also by using fuzzgngetric means in prioritization
(Buckley, 1985). Assuming is the size of the PCM, the computation procedsies

follows:
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zi:(r“} Jd=1,..,n (5.6)

vvi:zm(zzj i=1,..,n (5.7)

As a result of either of the prioritization methpd& obtain fuzzy weight vector for

the criteriaW = (W, Wrg, Wep )T

Step 6: Determination of tasks involved in the lpybwork-oriented job analysis:

In this step, work-oriented job analysis is perfednfor the job for which the
personnel selection will be performed. Work-orieh&pproaches to job analysis
describe work in technological and behaviorallylexpterms. Using these methods,
job analysts describe work in terms of tasks, tlstnspecific level of job behavior
describing performance of a meaningful job functidhese task statements must
also include other occupationally specific informatsuch as tools and technology,

organizational context and work context descriptors

Step 7: Pairwise comparison of tasks with respedhé criteria by each decision

maker using linguistic variables:

In this step, tasks involved in the job in questaoe compared with each other by
each decision maker with respect to the criter@amely task criteria, task frequency
and time spent, using linguistic variables. Fos ghurpose, same linguistic variables

given in Step 2 will be used.
Step 8: Conversion of linguistic pairwise compansmto fuzzy numbers:

In fuzzifying the linguistic PCM into the fuzzy PCMhe linguistic variables and
corresponding scales given in Step 3 will be ugeda result, the following three
matrices with triangular fuzzy elements are obtdifer each decision maker
associated with TC, TS and TF as seen below.
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T(a, .. &
TC=| ¢ . (5.8)

T Ts

T b ... b
TF=| ¢ . (5.9)

T\by - B,

T1 Ts

T(E ... T
TS= | @ . (5.10)

Ts erknl éﬁm

whereT; represents tasks involved in the job (, 2,..., 3.

At this step, consistency ratio is computed forhe®CM which is calculated by

CR=CI/ Rl In this formula, consistency index is calculateds a

Cl = (A —n)/(n-1) where 4, is estimated by the mean 4f values for each row

(/Ti) of the comparison matrix aﬁd is calculated byAw/w; whereA, is thei™ row
of PCM andw is the weight vector. Since fuzzy PCM and weigktter are

composed of triangular fuzzy numbersi, is also a triangular fuzzy number

represented biyd,, A, A,). Thus, A values are defuzzified b§A x A, x A, (Mete,

2007). If CR<0.1 for a certain PCM, the consistency of the PCM insueed;

otherwise, decision makers must revise their judgme
Step 9: Aggregation of PCMs of all decision makers:

Aggregation process is performed in the same walytths been described in Step 4.
Fuzzy PCMs of the decision makers are aggregatedalgulating the geometric
means of the same elements of same matrices efaliff decision makers. Therefore
the number of matrices is reduced in this stagaree, namely; task criticality, time

spent and task frequency, as seen below.
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Tl &4y

P s

: (5.11)
amn
Ts
by,

: (5.12)
an
E:1n

: (5.13)
g

mn

Step 10. Computation of fuzzy importance weightshef tasks with respect to each

criterion:

In this step, we use the same formula given in Steép calculate the tasks’ fuzzy

performance on three criteria. The performancehef tasks with respect to task

criticality, task frequency and time spent are gited as follows.

!

,i:]., 2,...,S,j:1, 2,...,S (514)
—=i=1,2,..sj=1,2,...,s (5.15)
=2 i=1,2,..sj=1,2,...,s (5.16)

Based on the fuzzy weights we have obtained bytemsa(5.14), (5.15) and (5.16),
we can perform Chang’s extent analysis to find pcnvgeights of the tasks by
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following the same procedure that has been expmlaineStep 5. In addition to
additive prioritization and Chang’s extent analy$izzy weights of the criteria can
be obtained also by using fuzzy geometric meangrioritization (Buckley, 1985)
with respect to each importance criterion by usggations (5.6) and (5.7). At this
stage, it should be noted that the prioritizatiogtinod used in this step must be same
as the prioritization method used in Step 5, in owhthe weights of the task
importance criteria are calculated. As a resuthese computations, we obtain fuzzy
performance matrices of tasks in terms of taskcaltity, task frequency and time

spent as seen below.

~TC % TF ~ TS
W] W] W

*TC | ~TF | TS |

w - . y " - . ] \W I (517)
WTC WTF WTS

Step 11. Calculation of overall importance weighftthe tasks involved in the job:

In Step 5, the relative weights of the criteria,, TG and TS, have been calculated.
In Step 10, the performance levels of tasks in $eofithese criteria have been found.
Based on the outputs of Step 5 and Step 10, thelbweportance weights of the

tasks represented by a column vecté)(can be computed by a weighted sum

formula as shown below.

W, We W '
P=|i |=Wox|i  [+Wx| [+ x| (5.18)
I e P B

5.2.2. Tasks-KSAOs linkages

In the second stage of the personnel selectionepsy¢he relative fuzzy importance
weights of the KSAOs with respect to tasks areuatald by the decision makers and

their fuzzy values are calculated.

Step 1. Determination of KSAOs required by the sagkvolved in the job by
worker-oriented job analysis:

This step is based on work-oriented job analysisclvhdentifies the personnel
characteristics required for performing the jobweéwer, the purpose of the selection

is important in terms of overall level of KSAOs eqgbed from new personnel at the

92



entry. If the intended purpose of the selectioncpdure is to hire or promote
individuals into jobs for which no advanced tramirs provided, the researcher
should design the selection procedure in termshefwork behaviors, activities,
and/or KSAOs an employee is expected to have bglaeement on the job. If the
intent of the content-based procedure is to sehelividuals for a training program,
the work behaviors, activities, and/or employee KBAwould be those needed to

succeed in a training program.

Step 2: Evaluation of task-KSAOs relationships kacte decision maker using

linguistic variables:

After computing the importance of each task invdlue the job, next step is to map
these tasks to the KSAOs. Linguistic variablesused for the purpose of translating
the task statements into personnel characterisyiassing the matrix shown in Table
5.2.

Table 5.2 : Tasks - KSAOs linkage matrix.

KSAOs
Task | yspo1 | kspo2| . | .| .| ksaot
Importance
Task 1 ~1
Task 2 ~2
Task 3 ~3
Task s Ws

Each relationship denotes the relative contributbrthe corresponding KSAOs to
the task in question represented by This step may be performed by the
contribution of human resource specialists, jolumbents and SMEs in a company
where the model is applied. Thus, multiple decisimakers may be involved in this

stage. For this purpose, linguistic variables givemable 5.3 can be used.
Step 3: Conversion of linguistic evaluations oat&nships into fuzzy relationships:

In converting the task-KSAO relationships expresagdinguistic variables into the

fuzzy relationships, corresponding scales givehahle 5.3 have been used.
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Table 5.3 :Fuzzy scale for tasks-KSAOs linkages.

Linguistic

variables Fuzzy scale
Very Low (0,0,1)

Low (0, 0.1, 0.3)
Medium Low | (0.1, 0.3, 0.5)
Medium (0.3,0.5,0.7)
Medium High | (0.5, 0.7, 0.9)
High (0.7,0.9, 1)
Very High (0.9,1,1)

As a result, matrices in the form given below areamed.

KSAO KSAO;
=k =~k
Ty o Ty
~k - . .
R'=1|: .
=k =~k
'|'s rsl cee rSt

(5.19)

Step 4: Aggregation of fuzzy task-KSAOs relatiopshof all decision makers:

After all decision makers have evaluated task-KSA&ationships, the task-KSAOs

matrices,R*for k = 1, 2,..., K are aggregated into a single task-KSAOs mafix,

by the following formula:

=1 =2 =K
- _ror 0.0

f K

(5.20)

where 'ri"j"is theij™ element of task-KSAOs matrix of decision makek = 1,2,...,K

andK is the number of decision makers. Thus, we oltaénfollowing aggregated

task-KSAQOs matrix.

KSAO, KSAO,
T rll U 1t
R= | : ° :
T\ fy Fet
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Step 5: Calculation of overall fuzzy weights of ti8 AOs required to perform the
job

In this step, the overall fuzzy weights of KSAOshigh represent the overall
requirements of KSAOs for performing the job, islcotated based on the

importance weights of the tasks and task-KSAO i@ahips by using the following
formula.

2= (WOT) O i=1..¢ (5.22)

where z, = ( a,h, g:) represents a fuzzy weights of {ffeKSAOs andw represents
the importance weight of th& task involved in the job.
Step 6: Normalization of overall fuzzy weights b&tKSAOs

Normalization ensures a more meaningful representaif the KSAOs weights.

Hence, a linear scale transformation enabling @edesof measurement to vary
precisely in the [0,1] interval is employed to natime the resulting KSAOs weights
(Karsak, 2004). The formulation is as follows:

abq

J I

) -(g' 5 7} (5.23)

wherec = maxc; and; &, , b; and ¢, represents the left, middle and right parameters
of the triangular fuzzy numbez, :(q b, g:) which has been obtained Step 5. In

the final selectionéj values will be used as a column vector as sedémlne 5.4 and

will be represented by =(a,,43.,9).

5.2.3. Final selection

Final selection is the phase where we combine weighthe KSAOs with candidate
information in order to select the most suitabladidate for the job. Various multi-
criteria techniques can be used for this purposethls study, FTOPSIS and

FVIKOR techniques are proposed for final selecpoocess.
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5.2.3.1. Final selection by FTOPSIS

The FTOPSIS methods used in this study are basdteostudies of Chen (2000),
Kahraman et al. (2007) and Karsak (2002). In thastisn, FTOPSIS methods
developed by Chen (2000), Kahraman et al. (200d) Kersak (2002) are adapted
for personnel selection problem. The generic stdpnal selection phase may be
seen in Figure 5.4.

Recruitment and pre-
screening of applicants
based on minimum
requirements

Calculation of closeness
—p  coefficient (CC) of each
candidate

v v

Rank ordering the candidates

Normalization of aggregated
fuzzy scores

Assessments of candidates

with respect to KSAOs by
decision makers using
linguistic variables

Calculation of weighted
normalized decision matrix

according to their CCs and
selecting the candidate with
the highest CC.

v

Conversion of linguistic
assessments into fuzzy
scores

v

Aggregation of fuzzy scores Calculation of relative
with respect to decision distances of candidates from +—
makers FPIS and FNIS

Determination of fuzzy
positive ideal solution
(FPIS) & fuzzy negative
ideal solution (FNIS)

Figure 5.4 : Steps of FTOPSIS.

Step 1: Recruitment and pre-screening of applidaaged on minimum requirements

This step must in fact be readily performed beftire final selection. However,
alternative generation is a general step in albl@m solving approaches. Thus, by
recruitment process, candidates are attracted t& woa specific position in the
organization and then pre-screening process redagestentially large candidate
pool to a more manageable number that can be m®mpleto more rigorous
assessment phases. If the selection ratio for sopeel selection problem is small,
pre-screening process becomes more important alitg¢ of the selection method

increases.

Step 2: Assessments of candidates with respecB#®Q¢ by decision makers using

linguistic variables

In this step, personnel candidates are evaluatetidogecision makers with respect

to each KSAO determined in the previous steps.gdrormance of a candidate can
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be evaluated by using linguistic variables gived @able 5.5. As a resulK (humber

of decision makers) tables in the format given abl€ 5.4 is obtained.

Table 5.4 :KSAOs vs. candidates matrix.

KSAOs' | Cand.1 | Cand.2 | Cand. 3 Cand. n
weights

KSAO 1 S

KSAO 2 5

KSAO 3 S;

KSAO t S

Step 3: Conversion of linguistic assessments wmay scores

The linguistic scale in Table 5.5 is used for cotimg linguistic assessments of

candidates into fuzzy scores.

Table 5.5 :Fuzzy conversion scale for candidate assessments.

Linguistic Fuzzy
variables scale
Very Poor (0,0,1)
Poor (0,1,3)
Fair-Poor (1,3,5)
Fair (3,5,7)
Fair-Good (5,7,9)
Good (7,9,10)
Very Good (9,10,10)

Step 4: Aggregation of fuzzy scores with respecteasion makers

The fuzzy matrices (KSAOs vs. candidates) may bgreagated with respect to

decision makers by using the following formula:
% =L[xo%20..0%¢
i T K X U X UL X (5.24)

where Zj" is thej™ candidate’s fuzzy performance scoréfrKSAO,i =1, ..., t,j =
1,....mk=1,..,K
Step 5: Normalization of aggregated fuzzy scores

The normalization is required for preserving theoparty that the ranges of
normalized triangular fuzzy numbers belong to [, Tlo avoid the complicated

normalization formula used in classical TOPSIS, lthear scale transformation is
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proposed by Chen (2000) to transform the varioutsr@ scales into a comparable
scale. Therefore, we can obtain the normalizedyfaezision matrix denoted by.D

D= [an me (5.25)

where B and C are the set of benefit criteria aysl criteria, respectively, and

i _(a Rk §) .
d = —J,—i,T , B
” (C.* G qj | (5-26)
T _|& 8 &8 :
d =|—,—,—|, i0C
j {Q,— bJ q] (5.27)
where
q*:maxqj, if i0B (5.28)
J
a =ming, if i0C (5.29)
,- .

anda, b andc represent the left, middle and right parametergheftriangular fuzzy

numbery; .

In addition to the FTOPSIS method proposed by GRe00), FTOPSIS methods
proposed by Kahraman et al. (2007) and Karsak (2@B® have been used in this
study for comparing the outcomes of the personelelcion process. Normalization
is one of the steps that these three methods differ each other. Kahraman et al.
(2007) uses Lee and Li's (1998) ranking methodtf& purpose of normalization
and determination of positive and negative ide&litsms in order to calculate the
distances. Kahraman et al. (2007) apply the gemethimean formula for ranking

the triangular fuzzy numbers. The generalized meandla is as follows:

_TqtG-gb+pe
M) = e (5.30)
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wherex; is theij™ fuzzy rating of personngl(j = 1,2, ..., m)with respect to criteria
(i =12, ..., ). After determining the generalized mean of %l following

normalization procedure is applied by Kahraman.€ga07).

v & B G : : . _
% (+) % :(—i,—i,—*J, 0i, x is a benefit attribut
| ¢'h’'a ’
i~ a b (5.31)
X (%)% =(——’—J Oi, x is a cost attribute
G B 3

whereg, :(aj .6 ) X :(abq;) and X~ :(a‘,b‘,g‘). X and X represent
the fuzzy rating with the largest generalized maad the smallest generalized mean
respectively.

Karsak (2002) applied a different normalization qadure. For fuzzy data denoted

as(agj,bJ 9) the normalized values for benefit-related créteri] B, and cost-

related criteriaill C, are:

(5.32)

[%—a’q—a,g—@)iDB
¢

¢

c

wherec =max, G anda =min, g
Step 6: Calculation of weighted normalized decisimatrix

Considering the different importance of each aoter the weighted normalized
fuzzy decision matrix is calculated in FTOPSIS roéth proposed by Chen (2000)

and Kahraman et al. (2007) as given below.
V=g ] . i=12.0, )= 12,.m (5.33)

whereV, =5 [ q and§ =(a,,4.,9) is the fuzzy weight of the KSAQ Different
from these two FTOPSIS methods, Karsak (2002) tieesveights of the KSAOs in

the following step.
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Step 7: Determination of fuzzy positive ideal smnt(FPIS) & fuzzy negative ideal
solution (FNIS)

We can define the fuzzy positive-ideal solutionI®P A" and fuzzy negative-ideal

solution (FNIS),A™ as

A=.5...7) (5.34)
A =0T, (5.35)

whereV =(1,1,1)and V" =(0,0,0),i=1;2,..., t
Step 8: Calculation of relative distances of caatid from FPIS and FNIS

The distance of each candidate from FPIS and FldiSbe currently calculated as

given below.
* ! ~ s .
d =;d( V), i=12,..m (5.36)
! .
d; =, d(”].,V), =142,...m (5.37)

where d(EIDJ is the distance measurement between two fuzzy atsniChen (2000)
proposes using vertex method given in equation) @hd assumes FPIS and FNIS as
(1, 1, 1) and (0, 0, 0) respectively. The FTOPSEhwnds proposed by Kahraman et
al. (2007) and Karsak (2002) also differ in distrmalculation. Kahraman et al.

(2007) calculates the distances in two steps &siisl

c —a .
1- for b, <b
d = b+C|j_a_bj
j = ¢-a (5.38)
1- ———— for b <R
b+c-3-b J
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1-— % for b <p
4 - bj+c-g-b
i~ C —a (5.39)
- for b <b
b +g-a-h

where d;and d; are the distance of; (theij element of weighted normalized
matrix) from ¥’ = (a* b, é) and V" = (a‘, b, c‘) respectively. Then, the distance of

each alternative from FPIS and FNIS is calculagspectively as follows:

=20 (5.40)

dy=2.0 (5.41)

Karsak (2002) also assumes FPIS and FNIS as (3,ahd (0, O, 0) respectively and
uses the distance measure based on the study aflBey and Bojadziev (1995).
The weighted distances from the FPIS solution amel ENIS are calculated
respectively by the following formula (Karsak, 2002

t

zl( {max( a-14lg-9+8[p- F}J (5.42)

d;-i( {max( ala -4 dl-d+alp- 4}) (5.43)

j=1

where (a;, 3,3 )are the parameters &, which denotes the fuzzy weight of the
KSAOi.

Step 9: Calculation of closeness coefficient (Cf33ach candidate

A closeness coefficient is defined to determinertmeking order of all alternatives

once d’; and d; of each alternativd,, (j =1,2,.. m) have been calculated. The

closeness coefficient of each alternative is cated as
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CC =———, j=12...m (5.44)

which is a crisp value.

Step 10: Rank ordering the candidates accordintheér CCs and selecting the
candidate with the highest CC

Obviously, an alternativéy, is closer to the FPISA') and farther from FNISA")

as CC; approaches to 1. Since closeness coefficientscasp values, we can

determine the ranking order of all candidates aidcs the best one from among a

set of personnel candidates.

5.2.3.2. Final selection by FVIKOR

In addition to these three FTOPSIS methods, FVIK&$b has been used in this
study for comparing the outcomes. The FVIKOR methpglied in this study is
based on Biyukoézkan and Ruan (2008). The summaheahethod is as follows.

Denotem candidates under consideration asa,,...,&,, thet evaluation criteria

(KSAOs) and the rating of each candidag j = 1, 2, ..., mversus criteriag,

i=1--t as f;=(f',1£%{°. Then, the fuzzy compromise ranking algorithm

FVIKOR consists of the following steps.

Step 1: If the supports of triangular fuzzy numbexpressing linguistic variables do
not belong to the interval [0,1], then a scalingiéeded to transform them back in
this interval. Here, we use a linear scale trams&tion to have a comparable
number. As an example, if we transform the ratihgamdidates, we have

f2 3

P = fi & wheref ™ =maxf?i=1, 2 n
i ; 2 (5.45)

ij ] Ll ij
| fimax fi max fi max ]

Step 2: Compute the values §f andR, j= 1, 2, ..., m by the relations

S =iZ;:$D diy) (5.46)
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R =maxs 0 d(1) (5.47)

where éj and Iij are used for formulating the ranking measure obtigrutility” and
the “individual regret” respectively. Hered(i,fij) represents the distance of a

candidate rating to the positive ideal solutﬁ)n(l,l,])calculated by vertex method

in eq. (4.7) and§ =(a,, 3,0 )denotes the fuzzy weight of the KSAONote that the

maximum amongj [ d(fL,Tj )values is the one that is the most distant flam

Step 3: Compute the valué} =1, 2, ..., mby the relation

Q=v(§)o-¥(R), (5.48)

where Sand R are normalizedS, and R values using the linear scale

transformation. Herey is introduced as a weight of the strategy of ‘thajority of
criteria” as proposed in the original VIKOR methofihe compromise can be
selected with “voting by majority > 0.5, with “consensus/~= 0.5, or with “veto’v
<0.5.

Step 4:The ranking order of candidates is determined with help of generalized
mean given in eq. (5.30). Firs§, R and Q, values are defuzzified into crisp,
R and Q, values. Then, candidates are ranked by sorting 8acR, and Q; values

in an ascending order as in the original VIKOR. Tasult is a set of three ranking

lists denoted aﬁl] , PI‘-] and Q. The candidatg corresponding tay, (the smallest
amongQ; values) is proposed as a compromise solution if

Condition 1: The candidatej; has an acceptable advantagein other

Wordst - qﬂ > DQwhere DQ :1/(m—1) and m is the number of alternatives (DQ
=0.25ifm<4).

Condition 2: The candidatg, is stable within the decision-making processother

words it is also the best ranked$) or R;.
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If one of the above conditions is not satisfieesrntta set of compromise solutions is
proposed, which consists of:

* The candidate g andj, where Q,, = qz] if only the conditionC2 is not satisfied,
or

* The candidate s, j», . . ., kif the conditionC1 is not satisfied; angk is determined

by the relationQ,, - Q, < DQ for the maximunk where Q; = Q,, (the positions of

these alternatives are in closeness).

5.3. Application of the Proposed Model

The model has been applied in of the leading comepan our country in the milk
and milk products sector. The interview with thenkhn Resource Specialist (HRS)
of the company has shown that currently, thereoi$onmal and structured test used
in personnel selection processes in the compang.r&truitment decision is based
on the pre-screening based on some attributes rfmaimi qualifications like
education and experience) and interview performantethe candidates. In
determining the personnel attributes required tierjob, human resources specialists
benefit from ideas and recommendations of immediageervisor of the position in
question. Combining with his/her thoughts and pesi experiences, HRS
determines the personnel attributes required ®pthsition, their relative importance
weights and ways of measuring those attributesutiirothe interviews. This
procedure is totally based on a mental processndigpg on the information input by
the immediate supervisor and HRS’s own judgmentciviis unstructured and quite
subjective. After this mental process, HRS and ihiate supervisor interview with
the candidates separately, even sometimes at ehtfefates. At a later time, HRS
and immediate supervisor discuss in a meeting aeuinformation gathered in the

interviews and they reach a final decision.

Briefly, the selection process is totally basedjwigmental processes, in which no
analytical methods are applied and the informationall stages is vague and
subjective. When we think about the costs of themaated selection tools and the
time consumed for them, selection based upon th@mmum qualifications and
interviewing may be acceptable. However, the metliodbwed in personnel
selection does not promise reliable results angalslity can be discussed in terms
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of its predictive efficiency and its relation withe job content. Employee turnover in
some positions is high and hence, it signals a matisimof people and jobs.

Since the data input process and computations negignificant effort and time,

fuzzy personnel selection software (FPSS) has blegeloped by using Microsoft

Visual C#. It enables data input by multiple demsmakers and performs FAHP
computations to determine the weights of tasksfopartask-KSAOs linkages and
FTOPSIS computations in order to determine the lbasdidate. Therefore, the
decision makers involved in personnel selectioncgsees can enter their
assessments using an interface which uses lingwiatiables with predefined fuzzy
scales. The assessments of decision makers anefipeetifuzzy scales can be later
modified for performing further sensitivity analgsiAs a result, without using many
spreadsheet tables, multiple decision makers carhrthe final aggregated decision
by spending less effort and time. A sample scrdet of the software is seen in
Figure 5.5.

M Fuzzy Personnel Selection D@

Fils

Citeria ve Cteria | Task vs Task Comparison by Citeria | Tasks vs KSAOs | KSADs vs Candidates | Analysis|

| Inthis window, tasks are compared painwise by each decision-maker with respect to the task importance criteria.

Criteria: | Citically ~]

(] AsMl || AsHI || FEl || Rl || RsMI || Rkl || I
(| Wil || il || Rl || Al || R || CEN || RE|
— | REI Il REI Il REI || Sl |l REI I REl || SHI
“ | AsMl || ASMI || REI || REI || REMI || REMI || REI
¢ | >
Consistency Riatio = 0,0440330365075246

Figure 5.5 : A screen shot of FPSS.

Two positions, namely “Shift Enginee(SE) and “Chief Maintenance Engineer”
(CME), were determined to perform the applicatiare do high turnover rates of

these positions. In the following sections, these applications will be presented.
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5.3.1. Application for SE position

In the beginning of the application, a job analysisdy has been carried out for
determining the job description and personnel diarsstics for the SE position so
that tasks performed may be linked to the KSAOsis Tbb analysis has been
performed based on the previous documentation aibeujob description and job
specification of the SE title. However, these doenta were not suitable for use in
terms of interdependencies among tasks, unclearenstats and repeated
expressions. This was due to the reason that tteomes of job analysis studies
performed in the company have not been considerdx tused effectively in other
human resources management activities. Therefgrendking interviews with the
HRS and SMEs, list of the tasks involved in thessitpons were clarified, re-
organized, linked to the main responsibilities lné job; and interdependencies and
similarities of task statements in the task lisexyavremoved so that they could be
considered independent of each other in mappindgasies to KSAOs. The lists of
tasks for SE position can be seen in Table 5.6.tahles showing all the information

gathered and used in this application can be seAppendix B.

Table 5.6 : The list of tasks involved in SE position.

Task Description
1 Controls the appearance, quality and hyglene
' parameters of the products in the production stage|
Controls the order of the products which are sawed
5 the open area and takes initiatives against huyn|dit
' dampening or any other kind of abrasion during| his
shift.
Controls the milk distribution according to strateg
3. . , :
targets during his shift.
4 Operates UHT and milk powder units during the meal

breaks.
Informs the Production Chief and Head of Produgtion
Department about the problems associated with, staff
5. missing material, production problems, manageérial
problems that were met during his shift and apphes
resultant decisions against these problems.
Controls the production systems, units, accuradhef
measurement devices, temperature in the refrigeyati
warehouse and contacts with the Machine
Maintenance Department when a problem occurs and
ensures the solution of the problem as soon as
possible.
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Table 5.6 : The list of tasks involved in SE position (contd.)

Task Description

Transfers staff between different units when needed

£ during his shift.

Informs about and discusses the problems which he
8. met during his shift in the production meetings and
ensures their solution as soon as possible.

Controls and ensures that activities during hi#t sine
performed according to the predetermined instrastio

9. and procedures and controls the production poosoli
at regular intervals.
10 Controls the timely arrival of production staff e

beginning and at the end of the shift.

For the determination of the personnel charactesisKSAOs and their definitions

listed in Appendix A has been used. A subset 0$¢h€SAOs was selected which
are hypothesized to be predicting the future peréorce of SEs. Cooperating with
the job incumbents and a HR specialist, 21 KSAOewietermined to be necessary

for performing the tasks of SEs. The required KSA@sgiven in Table 5.7.

Table 5.7 : The list of KSAOs required for SE position.

Categories Required KSAOs

Oral Comprehension

Written Comprehension

Verbal Abilities  |Oral Expression

Written Expression

Active Listening

Operation Monitoring & Control
Technical Skills  [Troubleshooting

Quality Control Analysis

Knowledge Milk Production and Processing
General Leadership
Surgency Interest in Negotiation

Achievement Striving

Friendly Disposition
Agreeableness  |Sensitivity to interest of others
Cooperative or Collaborative Work Tendency
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Table 5.7 : The list of KSAOs required for SE position (contd.)

Categories Required KSAOs
General Trustworthiness
Adherence to a Work Ethic

Conscientiousnes

Thoroughness and Attentiveness to Details

Emotional StabilityEmotional Stability

Desire to Generate ldeas

Intellectance _ _
Tendency to Think Things Through

By identifying the KSAOs listed in Table 5.7, theaision makers involved in the
personnel selection problem hypothesize that th&s®0Os are the most significant
characteristics that may be used in predictingjdeperformance of the new SE.
Second step of the application is the determinatbrihe weights of the tasks.

Pairwise comparison process was performed by twe 8&ch of who evaluate the
tasks individually in terms of task criticality fahe overall performance, tasks’
frequencies and time spent for each task. Then,itiddvidual PCMs are aggregated
by calculating their geometric means. These evia@ostare given in Appendix B.

FAHP by additive prioritization based on Deng’s huet (1999), Chang’s extent
analysis technique (1996) and Buckley’s method §)9%s been applied. As a result
of FAHP, the weights of the tasks given in Tabk &e obtained.

Table 5.8 :Weights of the tasks performed by SE.

CHANG DENG BUCKLEY
Crisp | L | M |]U|L [M |U

Controls the appearancequality an
1|hygiene paramets of the products in t| 0.118 |0.03®.1180.3260.0380.1170.318§
production stage.

Controls the order of the products which
saved in the open area and takes initial
against humidity, dampening or any o
kind of abrasion during his shift.
Controls the milk distribution according
strategic targets during his shift.
Operates UHT and milk powder uf
during the meal breaks.

0.116 | 0.04{0.1180.3340.0400.1160.324

0.082 | 0.02©.0790.2270.02740.0780.215

0.071 0.0ZFJ).082’0.2360.0250.08]0.225
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Table 5.8 :Weights of the tasks performed by SE (contd.)

CHANG

DENG

BUCKLEY

Crisp

M

U

L

M

U

Informs the Production Chief and Hg
of Production Department about
problems associated with staff, misg
material, production problen
maragerial problems that were 1
during his shift and applies the resul
decisions against these problems.

0.146

0.04

9.141

0.38¢

0.051

0.144

0.387

Controls the production systems, uf
accuracy of the measurement dev
temperature in  the  refrigating
warehouse and contacts with the Mac
Maintenance Department when a proQ
occurs and ensures the solution of
problem as soon as possible.

0.144

0.04

8.14(

0.401

0.051

0.147

0.40(

Transfers staff between different u
when needed during his shift.

0.062

0.02

.06

0.197

0.024

0.065

0.184

L

Informs about and discusses the prob
which he met during his shift in t
production meetings and ensures 1
solution as soon as possible.

0.071

0.02

.064

0.191

0.025

0.066

0.183

Controls and ensures that activit
during his shift are performed accorg
to the predetermined instructions
procedures and controls the produg
portfolios at regular intervals.

0.126

0.04

.123

0.371

0.044

0.122

0.369

)

10

Controls the timely arrival oproductiot
staff at the beginning and at the en

the shift.

0.063

0.02

5.068

0.2271

10.026

0.06¢

0.213

Third step is to map the tasks involved in SE pasito the required KSAOs. This

step has been performed by the HRS,

and two SEengsensus. Therefore, tasks-

KSAOs linkages were performed by two different gartby using linguistic

variables so that relative contribution of each KSfor performing each task has

been identified. Next, these linguistic evaluatiorese converted to triangular fuzzy

numbers by using the scale given in Table 5.3 @wlemated into a single tasks vs.

KSAOs matrix by calculating their arithmetic mead%en, by using the fuzzy
weights of the tasks calculated before by FAHP wash the total weight of each

skill is calculated by fuzzy weighted sum formulderefore, in this stage, the tasks

involved in SE position and their relative weight®re translated into required
KSAOs and their relative weights (see Table 5.9).
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Table 5.9 :Weights of the KSAOs required for SE position.

CHANG DENG BUCKLEY
LImJulL ImJu L [m Ju

1 |Oral Comprehension 0.2350.3980.5680.0280.1350.5570.0290.1390.560
2 |Written Comprehension 0.2350.3980.5680.0280.1350.5570.0290.1390.560
3 |Oral Expression 0.1970.3290.4610.0230.1120.4440.0240.1150.445
4 |Written Expression 0.1970.3290.4610.0230.1120.4440.0240.1150.445
5 |Active Listening 0.23590.3920.5490.0280.1330.5330.0290.1370.537
6 ggﬁgfgl'on Monitoring & 0.4600.5400.5710.0550.1850.5610.0580.1910.570

Troubleshooting 0.3470.4140.4450.0410.1430.4330.0440.1440.439

Quality Control Analysis 0.531/0.5990.6060.0630.2050.5940.0660.2120.603
9 '\P/Ir'lokcgé‘;%%cnon and 0.6000.8000.9500.0710.2760.9500.0750.2830.950
10 |General Leadership 0.1650.2960.4530.0190.1020.4440.020.1050.444
11 |(Interest in Negotiation 0.1270.2120.2960.0150.071/0.2840.0160.0740.286
12 |Achievement Striving 0.80d0.9501.0040.0950.328 1.0040.10d0.3371.000
13 |Friendly Disposition 0.3470.5470.7470.0410.1890.7470.0440.1940.747
14 |Sensitivity to interest of othen$.0210.0360.0500.0030.0140.0570.0030.0140.057
15 \S:V%?E?rgg\d/(;:gycmIaboratlve 0.4730.6080.7070.0560.2070.6920.0590.2130.697
16 |General Trustworthiness  |0.8320.9661.0090.0990.3331.0040.1040.3441.000
17 |Adherence to a Work Ethic |0.9041.0041.0040.1070.3481.00d0.1130.3541.00d
18 ;?tgrnotili/%?]r;issstgrgetails 0.7260.8260.8470.0840.2800.8200.0890.2870.824
19 [Emotional Stability 0.70d0.90d1.0040.0830.3111.0040.0840.3191.000
20 |Desire to Generate Ideas  |0.1290.1810.2350.0140.0610.2250.0140.0670.224
21 ﬁ?gfgﬁy to Think Things |, /=46 6140.7390.0520.2080.7140.0550.2140.714

After obtaining the weights of the required KSA@sxt step is the final selection.
The final selection process was performed among éamdidates who were pre-
screened out of seven applicants based on thetaédn and experience. These four
candidates are new graduated food engineers wirett levels of KSAOs. Since
only one of the candidates is to be selected fggleyment, the selection ratio is 1/4

= 0.25 which is a fairly high value.

The candidates are evaluated by both Head of Ptiodubepartment (HoPD), who
is the immediate supervisor of SE and the HRS iddally by using linguistic
variables and fuzzy scales given in Table 5.5. HAd#vidual evaluations of two
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decision makers are given in Table 5.10. VP, B,lFFFG, G, VG represent “very

poor”, “poor”, “fair poor”, “fair”, “fair good”, “good” and “very good” respectively.

Table 5.10 :Evaluation of the candidates.

HoPD HRS

Cl|C2|C3|C4|C1|C2|C3|C4

Oral Comprehension G|G|G|G|G| G| G G

Written Comprehension G|G G| G| G| G| G

Verbal Abilities  |oral Expression F IEPl E |EG|FP|FGIFG| G

Written Expression G|G G| G| G| G G

Active Listening F|G|FG|G|FG|G| G| G

gré:ec:ﬁ?rcc))rll Monitoring Flel ELEl Bl Bl H B

Technical Skills Troubleshooting FlF E F
Quiality Control Analysis F|F F

Knowledge ';,":LKCE;‘;S]‘;CHO” and VPG| G |vP|VP|FG| F |vP

General Leadership F | F| FP|FP|FP|FG|FP|FP

Surgency Interest in Negotiation F |FGFG|FG| F |FG| F |FG

Achievement Striving G |FG F | F|VGFG|FG| G

Friendly Disposition G | F| FG|FG|FG| G |FG|FG

Agreeableness  |Sensitivity to interest of others G | F | FG|FG|FG|FG|FG| F

Cooperative or Collaborative clrdeclel el El Bl o
Work Tendency

General Trustworthiness VG|G| G |[VG|FG| G| G

ConscientiousnesgAdherence to a Work Ethic |VG|VG|VG |VG|VG|VG|VG|VG
Thoroughness and

Attentiveness to Details G|G| G |GGG GG
! Desire to Generate Ideas G G|G G G
Intellectance ; ;
Tendency to Think Things G clac G G
Through

These linguistic evaluations are converted to tjdar fuzzy numbers and
aggregated by computing their arithmetic means; thiglaggregated performance
matrix of candidates is used for applying FTOPSi18 BVIKOR methods.

5.3.1.1. Final selection by FTOPSIS

FTOPSIS has been applied for the personnel sefeptioblem by using the fuzzy
weights of the skills which were computed basedhentasks’ weights determination
by three different FAHP methods. In the final setet process, three FTOPSIS
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methods, namely, Chen (2000), Kahraman et al. (2@0d Karsak (2002), were

applied. Thus, nine FAHP-FTOPSIS combinations hasen performed to see the
effects of variations in different FAHP and FTOP$h8thods and ensure that their
outcomes are same. The results of these methodsecanmmarized in Table 5.11
and Table 5.12.

Table 5.11 :CCs of the candidates.

FTOPSIS
Method Chen (2000) Kahraman et al. (2007 Karsak (002)

FAHP Chang| Deng |Buckley| Chang| Deng |Buckley| Chang| Deng |Buckley
Method | (1996)| (1999)| (1985) | (1996)| (1999)| (1985) | (1996)| (1999)| (1985)
Cand. 1 |0.4022|0.2865| 0.2883| 0.237%0.1725| 0.1735| 0.56930.7491| 0.7471
Cand. 2 |0.4296| 0.3075| 0.3094 | 0.608(00.7098 0.7081| 0.60890.8175| 0.8150
Cand. 3 |0.4173| 0.3005| 0.3023| 0.48860.6068 0.6045| 0.58420.7895| 0.7872
Cand. 4 |0.4190| 0.2961| 0.2980| 0.42340.3336/ 0.3355| 0.61700.8031| 0.8010

Table 5.12 :Ranking of candidates by FTOPSIS.

FTOPSIS
Method Chen (2000) Kahraman et al. (2007 Karsak (2002)

FAHP Chang| Deng |Buckley| Chang| Deng |Buckley| Chang| Deng |Buckley
Method | (1996)| (1999)| (1985) | (1996)| (1999)| (1985) | (1996)| (1999)| (1985)

Cand. 2Cand. 2 Cand. 2|Cand. 2Cand. 2 Cand. 2|Cand. 4Cand. 2 Cand. 2
Cand. 4Cand. 3 Cand. 3|Cand. 3Cand. 3 Cand. 3|Cand. 2Cand. 4 Cand. 4
Cand. 3Cand. 4 Cand. 4|Cand. 4Cand. 4 Cand. 4{Cand. 3Cand. 3 Cand. 3
Cand. 1Cand. 1 Cand. 1|Cand. 1Cand. 1 Cand. 1|Cand. 1Cand. 1 Cand. 1

In Table 5.12, we can see that, in only one ofriime different FAHP and FTOPSIS
combinations, candidate 4 was in the first can@idatbe selected. According to the
remaining eight FAHP and FTOPSIS combinations, whatd 2 must be selected.

We have also analyzed the case of single decis@kem In other words, if solely
HoPD or HRS would evaluate the candidates and rttakdinal decision what the
outcome of the final selection process would beldees analyzed. This analysis has
been performed by re-applying the FTOPSIS meth@d®d on the evaluations of
candidates which were performed individually by Bo®& HRS. The results of this
analysis are seen in Table 5.13 and Table 5.1#oPD performs the candidate
evaluation and final selection process alone, tAH®OMFSIS results show that
candidate 2 would be selected according to all FAH& FTOPSIS combinations. If
HRS performs the candidate evaluation and finactln process alone, according
to the nine of the eight FAHP and FTOPSIS combamatj candidate 2 must be
selected as seen in Table 5.15 and Table 5.16.
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Table 5.13 :CCs of the candidates based on assessments of HoPD.

FTOPSIS
Method Chen (2000) Kahraman et al. (2007 Karsak (J02)
FAHP Chang| Deng |Buckley| Chang| Deng |Buckley| Chang| Deng |Buckley
Method | (1996)| (1999)| (1985) | (1996)| (1999)| (1985) | (1996)| (1999)| (1985)
Cand. 1 |0.3354/0.2660| 0.2924 | 0.41790.3332 0.3349| 0.61700.7851| 0.7831
Cand. 2 |0.3425/0.2731] 0.3080| 0.59440.6765 0.6749| 0.62240.8261| 0.8236
Cand. 3 |0.33890.2710] 0.3012| 0.53980.6441| 0.6421| 0.59380.7917| 0.7895
Cand. 4 |0.3393/0.2691| 0.2949| 0.44620.3670 0.3688| 0.62220.7965| 0.7946
Table 5.14 :Ranking of the candidates based on assessmentsRi).H
FTOPSIS
Method Chen (2000) Kahraman et al. (2007 Karsak (002)
FAHP Chang| Deng |Buckley| Chang| Deng |Buckley| Chang| Deng | Buckley
Method | (1996)| (1999)| (1985) | (1996)| (1999)| (1985) | (1996)| (1999)| (1985)
Cand. 2Cand. 2 Cand. 2|Cand. 2Cand. 2 Cand. 2/Cand. 2Cand. 2 Cand. 2
Cand. 4Cand. 3 Cand. 3|Cand. 3Cand. 3 Cand. 3|Cand. 4Cand. 4 Cand. 4
Cand. 3Cand. 4 Cand. 4/Cand. 4Cand. 4 Cand. 4{Cand. 1Cand. 3 Cand. 3
Cand. 1Cand. 1 Cand. 1|Cand. 1Cand. 1 Cand. 1|Cand. 3Cand. 1 Cand. 1
Table 5.15 :CCs of the candidates based on assessments of HRS.
FTOPSIS
Method Chen (2000) Kahraman et al. (2007 Karsak (102)
FAHP Chang| Deng |Buckley| Chang| Deng |Buckley| Chang| Deng |Buckley
Method | (1996)| (1999)| (1985) | (1996)| (1999)| (1985) | (1996)] (1999)| (1985)
Cand. 1 |0.3926| 0.2556| 0.2571| 0.20930.1381| 0.1388| 0.56330.7387| 0.7368
Cand. 2 ]0.4282/0.2798| 0.2815| 0.64630.7457| 0.7444| 0.62330.8266| 0.8241
Cand. 3 ]0.4165/0.2701] 0.2717| 0.51180.6057, 0.6040| 0.60170.8008| 0.7986
Cand. 4 |0.4225|0.2696| 0.2712| 0.52210.4278| 0.4297| 0.63370.8152| 0.8130
Table 5.16 :Ranking of the candidates based on assessmen®R®f H
FTOPSIS
Method Chen (2000) Kahraman et al. (2007 Karsak (2002)
FAHP Chang| Deng |Buckley| Chang| Deng |Buckley| Chang| Deng |Buckley
Method | (1996)| (1999)| (1985) | (1996)| (1999)| (1985) | (1996)| (1999)| (1985)
Cand. 2Cand. 2 Cand. 2|Cand. 2Cand. 2 Cand. 2/Cand. 4Cand. 2 Cand. 2
Cand. 4Cand. 3 Cand. 3|Cand. 4Cand. 3 Cand. 3|Cand. 2Cand. 4 Cand. 4
Cand. 3Cand. 4 Cand. 4/Cand. 3Cand. 4 Cand. 4{Cand. 3Cand. 3 Cand. 3
Cand. 1Cand. 1 Cand. 1|Cand. 1Cand. 1 Cand. 1|Cand. 1Cand. 1 Cand. 1

5.3.1.2. Final selection by FVIKOR

For the comparison of the outcomes with the FTOR&$8Its, FVIKOR method has
also been applied. As it was done in FTOPSIS apidic, the method has been
applied based on the fuzzy weights from three FAHE&hods. Therefore, three
different combinations were analyzed. Also, diffareveights of the strategyw|

between 0.5 and 1.0 have been tried for sensitauitglysis since the values vt
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0.5 show that the best candidate is selected Isfy\sag majority of the criteria. The

ranking of candidates and values @f, —Q, can be seen in Table 5.17 and Table
5.18 respectively. The shaded cells in Table SH@vsqz] —q]] values in which

Qm does not have an acceptable advantage(@{e(i.e.Q[z] _Qq < DQ). Thus, in

the shaded cells, candidates in the first positidd!' position form a compromise set
of solutions; and the candidate in the first positiset can not be exactly
distinguished from the other candidates involvedhi compromise solution by the

decision maker(s).

Table 5.17 :Ranking of the candidates by FVIKOR.

v=0.50/v=0.75|v=1.00

Cand. 2| Cand. 2| Cand. 2

Chang | Cand. 3| Cand. 3| Cand. 4
(1996) | cand. 4| Cand. 4| Cand. 3
Cand. 1| Cand. 1| Cand. 1

Cand. 2| Cand. 2| Cand. 2

Deng | Cand. 3| Cand. 3| Cand. 4

(1999) | cand. 4| cand. 4| cand. 3
Cand. 1| Cand. 1| Cand. 1

Cand. 2| Cand. 2| Cand. 2

Buckley | Cand. 3| Cand. 3| Cand. 4
(1985) | cand. 4| cand. 4| cand. 3
Cand. 1| Cand. 1| Cand. 1

Table 5.18 :Levels of advantage provided by selecting firstkexhcandidate

v=0.50 v=0.75 v=1.00
Chang Q3-Q20.0540Q3-Q20.068Q4-Q20.053
(1996) Q4-Q20.2990Q4-Q20.1760Q3-Q20.082
Q1-Q20.354Q1-Q20.2580Q1-Q20.162
Q3-020.197 Q3-Q20.291Q4-Q20.273
Q4-Q21.3980Q4-Q20.8360Q3-Q20.384
Q1-Q21.6490Q1-Q21.2120Q1-Q20.775
Buckley Q3-Q20.1890Q3-Q20.27710Q4-Q20.258

(1985) Q4-Q21.331Q4-Q20.7940Q3-Q20.366
Q1-Q21.571Q1-Q21.155Q1-Q20.739
DQ =0.250

Deng
(1999)

In all cases candidate 2 was in the first posiiocording to the&) values and it was
stable also inq"] and PI‘-] . Although candidate 2 is in the first position whtasks

involved in the job are ranked by Chang’s exterdlysis (1996), candidate 2 does
not have an acceptable advantage sir@E] —qﬂ < DQ for any strategy weight.
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When Deng's FAHP method (1999) is appli&qz] _Qq > DQ for v > 0.641 and

thus; candidate 2 has an acceptable advantagevdmiy v > 0.641. Similarly,
critical strategy weight for candidate 2 to have amteptable advantage is 0.673
when Buckley’'s FAHP method (1985) is applied fotedmining the task importance
ratings. For strategy weights greater than thisuejalcandidate 2 will have an
acceptable advantage.

As it was applied in FTOPSIS, the cases where HaR® HRS make the final
selection individually are analyzed also in the K@R application. The results for
the case where HoPD individually evaluates the icktels are given in Table 5.19

and Table 5.20. In all cases candidate 2 was itfittsteposition according to th®

values and it was stable also & andR,. When tasks involved in the job are
ranked by Chang’s extent analysis (1996), candidadees not have an acceptable
advantage since Q, -Q, < DQ for any strategy weight. When Deng's FAHP
method (1999) is appliedQ[Z]—qﬂz DQ for all strategy weights; and thus

candidate 2 has an acceptable advantage for ategyr weights. Similarly,

QM - q:; > DQ for all strategy weights; and therefore candidateas an acceptable

advantage for all strategy weights when BuckleyddHP method (1985) is applied
for determining the task importance ratings.

Table 5.19 :Ranking of the candidates by FVIKOR based on assass of HOPD.

v =0.50|v=0.75/v=1.00

Cand. 2| Cand. 2| Cand. 2

Chang | Cand. 3| Cand. 3| Cand. 4
(1996) | cand. 4| Cand. 4| Cand. 3
Cand. 1| Cand. 1| Cand. 1

Cand. 2| Cand. 2| Cand. 2

Deng | Cand. 3| Cand. 3| Cand. 4

(1999) | cand. 4| cand. 4| Cand. 3
Cand. 1| Cand. 1| Cand. 1

Cand. 2| Cand. 2| Cand. 2

Buckley | Cand. 3| Cand. 3| Cand. 4
(1985) | cand. 4| Cand. 4| Cand. 3
Cand. 1| Cand. 1| Cand. 1
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Table 5.20 :Levels of advantage provided by selecting firstkeathcandidate based
on assessments of HoPD.

V=050 | v=075 | v=1.00
Chang| @3:92/0.16303-02]0.128 04-02]0.086
(1906) | 94-020.362/ Q4-Q2]0.224/ Q3-Q2] 0.092
Q1-02/0.371/ Q1-02]0.238 Q1-Q2|0.105
Deng |23Q20-566 G3-02]0.478 Q4-G20.383
(1609) | 94-Q2/1574 Q4-Q2(0.979/Q3-Q2[0.389

01-02|1.624 01-02| 1.054 Q1-020.484

03-02/0.541] Q3-Q2|0.456/ Q4-020.364
B(Tg'gg)y 04-02[1.499 04-020.932( 93-02/0.371

01-02|1.548 01-02|1.004 Q1-02|0.461
DQ = 0.250

The results for the case where HRS individuallyleai@s the candidates are given in
Table 5.21 and Table 5.22. As seen in these tablegjidate 2 and candidate 3

compete for the first position depending on theatstgy weight and in all cases

candidate in the first position according to Qevalues and was also stableiq']

andR, .

When tasks involved in the job are ranked by Chargxtent analysis (1996),

candidate 2 and candidate 3 do not have an acdeptatlvantage since

Q[z]‘q]]Z DQ for any strategy weight and the critical strateggight that

candidate 2 first passes candidate 3 is 0.59Trdfeg)y weight is greater than 0.597,

then candidate 2 is the winner.

When Deng’s FAHP method (1999) is applied, canéidabr candidate 3 does not
have an acceptable advantage sir@g] - qﬂ < DQ for any strategy weight > 0.5.

The critical strategy weight that candidate 2 fipgisses candidate 3 is 0.504.

Similarly, candidate 2 or candidate 3 does not h@veacceptable advantage since

QM —qﬂ < DQ for any strategy weight > 0.5 when Buckley's FAHP method

(1985) is applied for determining the task impoceamatings. The critical strategy
weight that candidate 2 first passes candidateD3Hbi35.
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Table 5.21 :Ranking of the candidates by FVIKOR based on assass of HRS.

v=0.50|v=0.75/v=1.00
Cand. 3| Cand. 2| Cand. 2
Chang | Cand. 2| Cand. 3| Cand. 4
(1996) | cand. 4| Cand. 4| Cand. 3
Cand. 1| Cand. 1| Cand. 1
Cand. 3| Cand. 2| Cand. 2
Deng | Cand. 2| Cand. 3| Cand. 4
(1999) | cand. 4| cand. 4| Cand. 3
Cand. 1| Cand. 1| Cand. 1
Cand. 3| Cand. 2| Cand. 2
Buckley | Cand. 2| Cand. 3| Cand. 4
(1985) | cand. 4/ Cand. 4| Cand. 3
Cand. 1| Cand. 1| Cand. 1

Table 5.22 :Levels of advantage provided by selecting firstkeathcandidate based
on assessments of HRS.

v=050 | v=075 | v=1.00
Chang Q2-030.014Q3-020.028 Q4-Q2/0.017
(1996) | Q4-Q30-241Q4-Q20.120Q3-Q20.073
Q1-030.336Q1-Q20.262 Q1-Q2/0.206
Q2-Q3/0.004Q3-Q20.185Q4-Q2/0.145
Q4-Q31.089Q4-Q20.615Q3-Q20.373
Q1-Q31.517Q1-Q21.258 Q1-Q2/1.002
Buckley Q2-Q3/0.004Q3-Q20.176 Q4-Q2/0.136
(1085) | 4-Q31.036Q4-Q20.584 93-Q2/0.356
Q1-Q31.446Q1-Q21.199 Q1-Q2/0.956

DQ = 0.250

Deng
(1999)

5.3.2. Application for CME position

Application for CME position was based on an in&rrecruitment scenario in
which one of the maintenance engineers employégeirompany is promoted to the
CME position in the case that the current CME leatlee company. The decision
makers involved in the job analysis phase is cur@€NE and a maintenance
engineer (ME) who determine the task statements @ardonnel characteristics
involved in the position, perform pairwise comparisof tasks in consensus and

assess tasks-KSAOs linkages individually to fingl dlverall KSAOs weights.

In this step, 10 task statements have been detednorcover the job content; and
considering each of these tasks seperately, 31 KSWére hypothesized to be
predicting the future performance of a CME. Asha SE application, tasks involved
in CME position have been ranked by using threéediht FAHP methods. The
outcomes of phase | of FQFD process can be se€ahie 5.23 and Table 5.24. The
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tables showing all the information gathered anddusethis application can be seen

in Appendix C.

Table 5.23 :Weights of the tasks performed by CME.

OVERALL TASK WEIGHTS
CHANG DENG BUCKLEY
Crisp L M U L M U

Performs the annual maintenance
plans for the process machines|in
1 |agreement with production chigfs 0,201 0,058 0,1510,376| 0,061| 0,151 0,360
and ensures that these plans |are
applied.

Controls the monthly shift plans pf

his staff, plans the annual vacation e | 024l 00620,168| 0,026| 0,063| 0,163
of his staff and ensures that theése

plans are obeyed.

Solves the problems associated with
unplanned interruptions n
3 | production as soon as possible [by0,133 0,042 0,1180,309| 0,043 0,116| 0,294
coordinating related organizational
units.

Researches alternative solutions |for
4 |repetitive problems and applies 0,105 0,038 0,1050,280| 0,039| 0,105| 0,270
these solutions.

Controls the inventory costs
associated with spare parts of the
5 |machines which are in hjs 0,078 0,032 0,0840,225| 0,032| 0,079| 0,203
responsibility and takes initiatives
for achieving the targets.

Procures the spare parts which |do

not exist in the spare pafts ;5 | g 030l 0,0850,242|0,031| 0,085/ 0,228
inventories from external suppliers

in urgent cases.

Supports his staff by considering

7 |their educational, personal andp,126 | 0,037 0,1010,288| 0,038/ 0,100| 0,272
equipment requirements.

Ensures the realization of quality
8 | management activities (calibratipn 0,139 0,046, 0,1220,336| 0,049 0,124| 0,324
and procedures etc.).

Coordinates the assembly gnd

X : 0,044 | 0,032 0,0860,223| 0,034| 0,089| 0,223
launching of the new machines.

Formation of  the planned
maintenance control lists of the new
machines, determination of spare
10 | parts inventories for the new 0,050 0,033 0,0860,232| 0,035| 0,089| 0,229
machines and provides the
education of the machines about the
new machines.
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Table 5.24 :Weights of the KSAOs required for CME position.

Time Management

0.5[076530.744

10.0700.2400.725

Chang Deng Buckley
1996) 1999) 1985)
LimM|ulL [m]u L |[M |uU
1[oral Comprehension 0.4[027030.9020.0630.2530.8710.0640.2640.870
2 |Written Comprehension 0.2874170.5670.0410.1710.6050.0440.1790.607
3|Oral Expression 0.5)17250.9090.0670.2580.87(0.0720.2680.868
4 \Written Expression 0.237.4430.6490.0340.1650.6430.0390.1720.642
5|Active Listening 0.47/9.6760.8380.0640.2410.8010.0680.2510.802
6 ﬁgtl'(‘i’r?éTh'”k'”g & Decision 0.3390.5320.7230.0470.1960.7130.0500.2050.714
7 |Complex Problem Solving 0.2873730.5380.0370.1500.5630.0400.1570.566
8 |Systems Analysis & Evaluation 0.30.3700.4140.0470.1540.4560.0510.1620.461
9

0.07710.2510.727

Management of Material Resources

0/a6860.676

0.0630.2120.657

0.0680.22Q0.653

Management of Personnel Resourct

2s  (J0466460.763

0.0660.2360.75(0

0.0710.2460.748

Milk Production and Processing

0.486310.744

10.0600.2110.661

0.0650.2210.662

Knowledge of Basic Electricity

0.4f66330.787

0.0610.2220.732

0.0660.2320.734

14Knowledge of Pneumatics 0.668190.91710.0870.2860.8500.0940.2990.853
15Knowledge of Hydraulics 0.6658190.9170.0870.2860.8500.0940.2990.853
16Knowledge of Automation 0.6658190.9170.0870.2860.8500.0940.2990.853
17Computer Skills (SAP R/3) 0.3[085050.7040.04710.18740.6750.0510.1940.672
18Computer Skills (MS-Office) 0.3325340.7350.0480.2050.7490.0520.2140.7471

Computer Skills (AutoCAD)

0.451.5650.624

10.0590.2030.603

0.0650.2120.604

General Leadership

0.5097180.884

0.0740.2720.887

0.0810.2840.884

21Interest in Negotiation 0.1692840.3980.0210.0980.3710.0230.1020.371
22Achievement Striving 0.540.7280.8880.0730.2660.8680.0790.27710.868
23Friendly Disposition 0.210.3340.4490.0280.1180.4230.0300.1230.421

Sensitivity to interest of others

0.162730.374

0.0230.1000.371

0.0250.1050.370

Cooperative or Collaborative
Work Tendency

0.5420.7460.889

10.0760.2800.888§

0.0820.2930.889

General Trustworthiness

0.46(5920.674

10.0640.22710.687

0.0690.2360.686

Adherence to a Work Ethic

0.78(m091.00(

)0.1070.3461.000

0.1160.3611.00Q

28

Thoroughness and Attentiveness to
Details

0.5110.6770.80¢

10.0730.2570.807

0.0790.2690.809

29

Emotional Stability

0.270.4510.631

0.0380.1700.635

0.0410.1780.635

30

Desire to Generate Ideas

0.788630.41(

)0.0390.1350.402

0.0420.1410.403

31

Tendency to Think Things Through

0.4B9780.675

0.0660.2300.701

0.0740.2420.708

There were six candidates who are currently empl@® Maintenance Engineers
(MEs) in the company and general recruitment pcactfor CME position is to

promote one of the MEs currently employed in thepgany. Since there is only one
open position, the selection ratio is 60.17, which is a fairly high value. The

candidates are evaluated by Plant Manager (PM),igvtite immediate supervisor of

CME position, and HRS (see Table 5.25).
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Table 5.25 :Evaluation of the candidates.

PM HRS

Cl|C2|C3|C4|C5|Ch|C1|C2|C3|[C4|C5|C6
Oral Comprehension V@/G|VG|VG|VG|VG|VG|VG|VG|VG|VG|VG
\Written Comprehension V@/G|VG|VG|VG|VG|VG|VG|VG|VG|VG|VG
Oral Expression H FOVG| G |FG| F| F|FG G| G| FG| F
\Written Expression VGVG|VG|VG|VG|VG|VG|VG|VG|VG|VG|VG
Active Listening G| FG G |VG|FG|FG| G | FG|VG| G | FG|FG
Critical Thinking & Decision Making FGIFG|G | G| FIFG G| G| G| G| G| G
Complex Problem Solving F&FG|VG| G| G|FG| F |FG| G |FG| G | FG
Systems Analysis & Evaluation 5 &G |[VG| G |VG| G| G| G| G| G| G
Time Management FGG | G| FG|FG|FG|FG|FG| G | G| FG| F
Management of Material Resources G |IG|IG|G|G|G|G| G| ®&®| G| G
Management of Personnel Resources F|F|MGIF|F| FIFG G| G| F| F
Milk Production and Processing G| G| G| G| G| G| VGVG|VG|VG|VG|VG
Knowledge of Basic Electricity G G 6 G G G KF6G| G |FG|FG| G
Knowledge of Pneumatics G| G| G| G| G| G| G| G G G (]
Knowledge of Hydraulics G| G| G| G| G| G| Gl G G G (]
Knowledge of Automation G| G| G| G| G G G G G G G G
Computer Skills (SAP R/3) G 6 6 6 6 6 G |6 |G |G |G |G
Computer Skills (MS-Office) G G G G 6 G HREG|VG| G| G| FG
Computer Skills (AutoCAD) F|F| G|FG G| G|FG| F| G| G| FG FG
General Leadership FG| F|VG|G| F| F| FIFG G| G| FG| F
Interest in Negotiation G| G| G|VG F |FG| G |FG| G| G| F|FG
Achievement Striving G FGVG|FG| F | F| F| FGVG|FG| G| F
Friendly Disposition VGVG|FG| G | FG|VG|FG| G |FG| G |VG| G
Sensitivity to interest of others HEG | F| FGIFG|FG| G | G | FG|FG|FG|FG
Cooperative or Collaborative Work rel e lvelrclrel B lrclecl o | ELEal E
Tendency
General Trustworthiness 5 6 VGBG| G |FG| G| G|VG|FG| G| G
Adherence to a Work Ethic FGG |VG|FG|FG| F | G| FG| G |FG| G | FG
Thoroughness and AttentivenesstoDetdils | F | F | G |FG| G |FG| F |VG|FG| F | F
Emotional Stability FG G |FG| F |FG| G |FG| G| G| F|FG G
Desire to Generate Ideas F |[F |G M&|VG| F | F|FG|VG|FG| G
Tendency to Think Things Through FGG| G |FG|VG| G |FG|FG| G| G| G| G

These linguistic evaluations are converted to tjdar fuzzy numbers and
aggregated by computing their arithmetic means; thiglaggregated performance
matrix of candidates is used for applying FTOPS18 BVIKOR methods.

5.3.2.1. Final selection by FTOPSIS

As in the application for SE position, FTOPSIS bagn applied for selecting the
most suitable person. When individual candidatesssent of PM and HRS are
aggregated, candidate 3 is selected according toFAHP and FTOPSIS
combinations (See Table 5.26 and Table 5.27). &iiyjl candidate 3 would be
selected also in the cases where the decisionsedban the individual assessments
of either PM or HRS (See Tables 5.28 — 5.31).
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Table 5.26 :CCs of the candidates.

FTOPSIS
Method Chen (2000) Kahraman et al. (2007 Karsak (J02)
FAHP Chang| Deng |Buckley| Chang| Deng |Buckley| Chang| Deng |Buckley
Method | (1996)| (1999)| (1985) | (1996)| (1999)| (1985) | (1996)| (1999)| (1985)
Cand. 1 |0.4576|0.3324| 0.3344 | 0.32460.3417| 0.3420| 0.61750.7889| 0.7855
Cand. 2 |0.4648| 0.3366| 0.3386| 0.38810.4114| 0.4116| 0.63260.8090| 0.8055
Cand. 3 |0.5185| 0.3583| 0.3608| 0.877%0.8851| 0.8849| 0.76430.9163| 0.9128
Cand. 4 |0.4839| 0.3453| 0.3475| 0.60370.6220 0.6215| 0.67730.8518| 0.8483
Cand. 5 |0.4658|0.3367| 0.3388| 0.40890.4240| 0.4237| 0.63630.8095| 0.8061
Cand. 6 |0.4522/0.3288| 0.3308| 0.34170.3501| 0.3497| 0.60740.7705| 0.7672
Table 5.27 :Ranking of candidates by FTOPSIS.
FTOPSIS
Method Chen (2000) Kahraman et al. (2007 Karsak (002)
FAHP Chang| Deng |Buckley| Chang| Deng |Buckley| Chang| Deng |Buckley
Method | (1996)| (1999)| (1985) | (1996)| (1999)| (1985) | (1996)| (1999)| (1985)
Cand. 3Cand. 3 Cand. 3|Cand. 3Cand. 3 Cand. 3|Cand. 3Cand. 3 Cand. 3
Cand. 4Cand. 4 Cand. 4/Cand. 4Cand. 4 Cand. 4{Cand. 4Cand. 4 Cand. 4
Cand. 5Cand. 5 Cand. 5/Cand. 5Cand. 5 Cand. 5/Cand. 5Cand. 5 Cand. 5
Cand. 2Cand. 2 Cand. 2|Cand. 2Cand. 2 Cand. 2|Cand. 2Cand. 2 Cand. 2
Cand. 1Cand. 1 Cand. 1|Cand. 6Cand. § Cand. 6/Cand. 1Cand. 1 Cand. 1
Cand. 6Cand. 6 Cand. 6/Cand. 1Cand. 1 Cand. 1|Cand. §Cand. 6 Cand. 6
Table 5.28 :CCs of the candidates based on assessments of PM.
FTOPSIS
Method Chen (2000) Kahraman et al. (2007 Karsak (002)
FAHP Chang| Deng |Buckley| Chang| Deng |Buckley| Chang| Deng |Buckley
Method | (1996)| (1999)| (1985) | (1996)| (1999)| (1985) | (1996)| (1999)| (1985)
Cand. 1 |0.4599| 0.3340| 0.3360| 0.33070.3558| 0.3560| 0.62480.7971| 0.7934
Cand. 2 |0.4681| 0.3373| 0.3394 | 0.41080.4359 0.4361| 0.646(00.8128| 0.8091
Cand. 3 |0.5197|0.3580| 0.3605| 0.84290.8498| 0.8495| 0.76360.9137| 0.9102
Cand. 4 |0.4835|0.3454| 0.3476| 0.57210.5982| 0.5977| 0.67700.8514| 0.8477
Cand. 5 |0.4589 0.3330] 0.3351| 0.32780.3433| 0.3431| 0.62280.7930| 0.7895
Cand. 6 |0.4555/0.3303| 0.3323| 0.35030.3664| 0.3660| 0.61630.7780| 0.7746
Table 5.29 :Ranking of the candidates based on assessmenig.of P
FTOPSIS
Method Chen (2000) Kahraman et al. (2007 Karsak (102)
FAHP Chang| Deng |Buckley| Chang| Deng |Buckley| Chang| Deng |Buckley
Method | (1996)| (1999)| (1985) | (1996)| (1999)| (1985) | (1996)] (1999)| (1985)
Cand. 3Cand. 3Cand. 3 | Cand. ®and. 3Cand. 3 | Cand. £and. 3Cand. 3
Cand. 4Cand. 4Cand. 4 | Cand. €and. 4Cand. 4 | Cand. |Cand. 4Cand. 4
Cand. 2Cand. 2Cand. 2 | Cand. £and. 2Cand. 2 | Cand. Zand. Acand. 2
Cand. 1Cand. 1Cand. 1 | Cand. £and. §Cand. 6 | Cand. [Cand. 4Cand. 1
Cand. 5Cand. 5Cand. 5 | Cand. [Cand. 1Cand. 1 | Cand. £and. 5Cand. 5
Cand. §Cand. §Cand. 6 | Cand. &and. 5Cand. 5 | Cand. k:and. gCand. 6
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Table 5.30 :CCs of the candidates based on assessments of HRS.

FTOPSIS
Method Chen (2000) Kahraman et al. (2007 Karsak (J02)

FAHP Chang| Deng |Buckley| Chang| Deng |Buckley| Chang| Deng |Buckley
Method | (1996)| (1999)| (1985) | (1996) (1999)| (1985) | (1996)| (1999)| (1985)

Cand.1 ]0.4551]0.3306| 0.3326| 0.30460.3151] 0.3155| 0.61560.7819| 0.7783
Cand. 2 ]0.4615/0.3358| 0.3378| 0.34480.3722| 0.3723| 0.62160.8020] 0.7983
Cand. 3 ]0.5174{0.3587| 0.3612| 0.886%0.8978| 0.8977| 0.76060.9168| 0.9131
Cand. 4 ]0.4844(0.3452] 0.3474| 0.618%0.6344| 0.6340| 0.67530.8463| 0.8425
Cand.5 ]0.4727/0.3402| 0.3424| 0.46930.4875| 0.4872| 0.65460.8278| 0.8241
Cand. 6 ]0.4490/0.3273] 0.3292| 0.30210.3110] 0.3107| 0.601%0.7643| 0.7608

Table 5.31 :Ranking of the candidates based on assessmen®R®f H

FTOPSIS

Method Chen (2000) Kahraman et al. (2007 Karsak (002)

FAHP Chang| Deng |Buckley| Chang| Deng |Buckley| Chang| Deng |Buckley

Method | (1996)| (1999)| (1985) | (1996)| (1999)| (1985) | (1996)| (1999)| (1985)
Cand. 3Cand. 3Cand. 3 | Cand. ®and. 3Cand. 3 | Cand. £and. 3Cand. 3
Cand. 4Cand. 4Cand. 4 | Cand. €and. 4Cand. 4 | Cand. |Cand. 4Cand. 4
Cand. 5Cand. 5Cand. 5 | Cand. &£and. 5Cand. 5 | Cand. k?and. 5Cand. 5
Cand. 2Cand. 2Cand. 2 | Cand. Fand. ZCand. 2 | Cand. [Land. 2Cand. 2
Cand. JCand. 1Cand. 1 | Cand. [Cand. JCand. 1 | Cand. [Cand. 1iCand. 1
Cand. §Cand. §Cand. 6 | Cand. [£and. §Cand. 6 | Cand. £and. 6§Cand. 6

5.3.2.2. Final selection by FVIKOR

FVIKOR method has been applied also in this appboa In all cases candidate 3

was in the first position according to tiig¢ values was stable also ISB“ and F?“

The ranking of candidates by different ranking ealandQ,, - Q, values can be
seen in Table 5.32 and Table 5.33 respectively.

When tasks involved in the job are ranked by Chargxtent analysis (1996),
candidate 3 has an acceptable advantage siQBf:— q]] > DQ for any strategy

weight. Similarly, when Deng’s FAHP method (1999)Buckley’s FAHP method

(1985) is applied, same result is valid.

Table 5.32 :Ranking of the candidates by FVIKOR.

v=0.50v=0.75 v=1.00
Cand. 3Cand. 3 | Cand. 3

Cand. 4Cand. 4 | Cand. 4
Chang|Cand. 1Cand. 5 | Cand. 5
(1996)|Cand. 5Cand. 1 | Cand. 2
2

6

Cand. 2Cand. 2 | Cand. 1
Cand. 6Cand. 6 | Cand. 6
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Table 5.32 :Ranking of the candidates by FVIKOR (contd.)

v=0.50v=0.75| v=1.00

Cand. 3Cand. 3 | Cand. 3

Cand. 1Cand. 1 | Cand. 4

Deng |Cand. 4Cand. 4 | Cand. 5
(1999)|Cand. 5Cand. 5 | Cand. 2
Cand. 2Cand. 2 | Cand. 1

Cand. 6Cand. 6 | Cand. 6

Cand. 3Cand. 3 | Cand. 3

Cand. 1Cand. 1 | Cand. 4
BuckleyCand. 4Cand. 4 | Cand. 5
(1985)|cand. 5Cand. 5 | Cand. 2
Cand. 2Cand. 2 | Cand. 1

Cand. 6Cand. 6 | Cand. 6

Table 5.33 :Levels of advantage provided by selecting firstkexhcandidate.

v=050 | v=0.75 | v=1.00
Q4-030.380Q4-030.33204-Q30.284
Chang| QL Q30-424Q5-030.446Q5-Q30.42(
(1506) | 25-030.473Q1-030.454Q2-Qd0.427
02-030.500Q2-Q30.46401-Q30.484
06-030.62406-030.57006-030.518
01-030.510Q1-031.22904-031.154
04-031.540Q4-031.40505-031.685
([1)9633) 05-031.82705-031.830Q2-Q31.704
02-031.981Q2-031.91601-Q31.92¢8
06-Q32.561Q6-032.42006-Q32.078
01-030.510Q1-Q31.15004-Q31.071
Buckley 2 QI L-54004-Q31.30405-Q31.563
(1085) |Q>-Q31.8271Q5-031.695Q2-Q31.583
02-031.98102-031.78301-031.794
06-032.56106-032.24406-031.928
DQ = 0.200

As it was applied for SE position, the cases wHeké and HRS make the final
selection individually are analyzed also in the K@R application. The results for
the case where PM individually evaluates the caatd&lare given in Table 5.34 and

Table 5.35. In all cases, candidate 3 was in tre fiosition according to th®
values and was stable alsoﬁqj andF?I'.] . When tasks involved in the job are ranked

by any FAHP method, candidate 3 has an acceptalbleantage since
Q, —Qq = DQ for all strategy weights > 0.5.
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Table 5.34 :Ranking of the candidates by FVIKOR based on assass of PM.

v=0.50v=0.75v=1.00
Cand. 3 Cand. 3 Cand.

Cand. 4 Cand. 4 Cand.

Chang |Cand. 1 Cand. 2 Cand.
(1996) |cand. 2 Cand. 1 Cand.
Cand. § Cand. § Cand.
Cand. § Cand. § Cand.
Cand. 3 Cand. 3 Cand.
Cand. 1 Cand. 4 Cand.
Deng |Cand. 4 Cand. 1 Cand.
(1999) |cand. 4 cand. 2 Cand.
5

g

3

4

1

2

5

q

Cand. § Cand. § Cand.
Cand. § Cand. § Cand.
Cand. 3 Cand. 3 Cand.
Cand. 1 Cand. 4 Cand.
Buckley |Cand. 4 Cand. 1 Cand.
(1985) | cand. 2 Cand. 2 Cand.
Cand. § Cand. § Cand.
Cand. § Cand. § Cand.

D IMAINID WO IAMMNIDIEIWIO AN D W
DM 1IN IS IWMIe 1M INILSIWIo (] [ 1N S 10

Table 5.35 :Levels of advantage provided by selecting firstkexhcandidate based
on assessments of PM.

v=050 | v=075 | v=1.00
Q4-03[0.311 04-03[0.307 04-Q3[0.303
Q1-Q3[0.419 Q2-03(0.438 Q2-Q3|0.422
Q2-Q3[0.454/ Q1-03(0.452 Q1-Q3|0.485
05-03/0.524/ Q5-03(0.512 Q5-Q3[0.501
06-Q3/0.599 06-Q3|0.558 Q6-Q3[0.517
Q1-03[0.533 Q4-Q3|1.126 Q4-Q3|1.213
Q4-Q3[1.038 Q1-03(1.229 Q2-Q3|1.678
02-Q3|1.665/02-03(1.672 Q1-Q3[1.925
05-Q3[2.005 05-03|2.009 ©5-03/2.014
06-Q3/2.077] 06-03(2.074 Q6-Q3[2.070
01-03/0.516/ Q4-Q3( 1.046 Q4-Q3|1.126

04-03[0.966/ 01-03|1.152 Q2-Q3|1.558
B&g'gg 02-03[1.544 02-03(1.551] Q1-Q3| 1.788

Q5-Q3|1.858 Q5-03| 1.862 Q5-Q3|1.867
06-Q3|1.929 06-Q3(1.925 Q6-Q3[1.920
DQ = 0.200

Chang
(1996)

Deng
(1999)

The same results have been obtained for the caseeWHRS individually evaluates

the candidates as given in Table 5.36 and Tablé J3all cases, candidate 3 was in

the first position according to th@ values and was stable alsoé‘lﬁ andF?I'I] . When

tasks involved in the job are ranked by any FAHPthoe, candidate 3 has an
acceptable advantage sin&% -Q,;2DQ for all strategy weightg> 0.5.
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Table 5.36 :Ranking of the candidates by FVIKOR based on assass of HRS.

v=0.50v=0.79v=1.00

Cand. 3|Cand. 3|Cand. 3

Cand. 1|Cand. 4|Cand. 4

Chang |Cand. 5|Cand. 5|Cand. 5
(1996) |cand. 4|Cand. 1|Cand. 2
Cand. 2|Cand. 2|Cand. 1

Cand. 6|Cand. 6/Cand. 6

Cand. 3|Cand. 3|Cand. 3

Cand. 1|Cand. 1|Cand. 4

Deng |Cand. 5|Cand. 4/Cand. 5
(1999) |cand. 4|Cand. 5/Cand. 2
Cand. 2|Cand. 2|Cand. 1

Cand. 6/Cand. 6/Cand. 6

Cand. 3|Cand. 3|Cand. 3

Cand. 1|Cand. 1|Cand. 4
Buckley |Cand. 5|Cand. 4|Cand. 5
(1985) |cand. 4/Cand. 5|Cand. 2
Cand. 2|Cand. 2|Cand. 1

Cand. 6/Cand. 6/Cand. 6

Table 5.37 :Levels of advantage provided by selecting firstkexhcandidate based
on assessments of HRS.

v=050 | v=075 | v=1.00
Q1-Q3[0.406/ Q4-Q3]0.356 Q4-Q3[0.265
Q5-Q3/0.438 05-03(0.392 Q5-Q3[0.345
Q4-Q3[0.446/ Q1-Q3|0.441] Q2-Q3[0.432
Q2-03[0.482 Q2-03(0.457 Q1-Q3|0.475
06-Q3/0.601 Q6-Q3(0.559 Q6-Q3[0.517
Q1-Q3[0.405 Q1-Q3(1.170] Q4-Q3|1.092
Q5-Q3|1.832 Q4-Q3( 1.490 Q5-Q3|1.377
04-Q3|1.888 05-03|1.604 Q2-Q3[1.725
02-03[2.006/ 02-Q3| 1.866/ Q1-03|1.934
06-Q3|2.629 06-03|2.355 06-Q3[2.081
01-03[0.396/ Q1-Q3| 1.096/ Q4-03/1.014

05-Q3|1.707] Q4-Q3| 1.386 Q5-Q3|1.278
B&g'gg 04-03[1.759 05-03(1.493 Q2-03| 1.603

Q2-Q3|1.869 Q2-Q3(1.736 Q1-Q3|1.795
Q6-Q3|2.440 Q6-Q3|2.186 Q6-Q3|1.931
DQ = 0.200

Chang
(1996)

Deng
(1999)

5.4. Summary and Discussion

In this chapter, the framework provided by the gl model and methods used
within this framework have been explained in det&$ it has been mentioned

before, FQFD has been used to translate task statermto KSAOs, which are then
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used in the final selection process. The task siates and KSAOs are determined
by work-oriented and worker-oriented job analy3iee weights of task statements
including work and organizational context and toalsd technology used, are
obtained by using FAHP methods based on threerieritéask criticality, task
frequency and time spent. After determination osk$a weights, tasks-KSAOs
linkages are performed by a fuzzy relationship mand fuzzy weights of KSAOs
are determined. Using the fuzzy weights of KSAOd awvaluation of assessments of
candidates by the decision makers, final selecptiase is realized by using
FTOPSIS and FVIKOR methods. Why FAHP is not usedhie final selection
process is a possible question to be asked inptiase. If FAHP had been applied
through the whole selection process as seen inré-ig®, first the KSAOs would be
ranked in the hierarchy level 2 and then, candgdateuld be compared pairwise
with each other with respect to each KSAO in therdnichy level 3 and finally, the
overall candidate scores would be calculated biygudie candidates’ scores for each
KSAO and the weights of the KSAOs.

Personpel Level 1
Selection
KSAO 1 KSAO2 || KSAOm Level 2
Cand. 1 Cand.2 || Cand.n Level 3

Figure 5.6 : Hierarchy for personnel selection problem.

Since personnel selection problems may involve mzandidates to be evaluated
based on many KSAOs, huge consistency problemsdnaanige in many pairwise
comparison matrices depending on the number of KSA@d the number of
candidates if FAHP had been applied. Also, in saiclapplication we would not be
able to use the notion of translating the job dpion into KSAOs and their levels,
which is provided by FQFD. Thus, FTOPSIS has bessd un the final selection due

to its advantages over FAHP as mentioned in Talle 4

The model has been applied for two positions irthef leading companies in milk

and milk products sector in Turkey. The first positwhich the model has been
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applied is Shift Engineer position. There were foandidates for this position after
the pre-screening phase and selection ratio wasg @2ich is a fairly high value. In
order to determine the KSAOs required for the jod their weight, job analysis has
been performed prior to the final selection phdseo decision makers’ assessed the
four candidates based on the predetermined KSAWsbast candidate has been
determined by applying FTOPSIS and FVIKOR methddsa result of this process,
candidate 2 has been found to be the most suipeot®n for the position in 8 of the
9 combinations of FAHP and FTOPSIS methods, when décision making is
performed by aggregating the individual candidadseasments of the HoPD and
HRS. If the selection was performed based solelythen assessments of HoPD,
candidate 2 would be selected according to all FAH& FTOPSIS combinations. If
the selection was performed based solely on tresasgents of HRS, candidate 2 has
been found to be the most suitable person for tsipn in 8 of the 9 combinations
of FAHP and FTOPSIS methods.

FVIKOR method also has been applied for the sanesblem. When the decision
making is performed by aggregating the individuahdidate assessments of the
HoPD and HRS, candidate 2 is always in the firakrandependent of the FAHP
method used for determination of tasks’ weightsweieer, when the tasks involved
in the job are ranked by Chang’s extent analy$996), candidate 2 does not have an
acceptable advantage for any strategy weight. Whearg's FAHP method (1999) is
applied, candidate 2 has an acceptable advantdgemnenv > 0.641. Similarly,
critical strategy weight for candidate 2 to have amteptable advantage is 0.673
when Buckley’'s FAHP method (1985) is applied fotedmining the task importance
ratings. For strategy weights greater than thisuejalcandidate 2 will have an

acceptable advantage.

If the selection was performed based solely on abkgessments of HoPD, tasks
involved in the job are ranked by Chang’s exteralygsis (1996), candidate 2 does
not have an acceptable advantage for any strategghtv When Deng’'s FAHP
method (1999) or Buckley’'s FAHP method (1985) iplegul for determining the task
importance ratings, candidate 2 has an acceptdlbntage for all strategy weights

> 0.5. Thus, final decision is independent of theedwrination of strategy weight.

If the selection was performed based solely onagsessments of HRS, when tasks

involved in the job are ranked by Chang’s exteratlgsis, candidate 2 and candidate
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3 do not have an acceptable advantage for anyegyraveight and the critical
strategy weight that candidate 2 first passes daneli3 is 0.597. If strategy weight is
greater than 0.597, then candidate 2 is the winwdren Deng’'s FAHP method
(1999) is applied, candidate 2 or candidate 3 admtdave an acceptable advantage
for any strategy weight > 0.5. The critical strategy weight that candidatér&
passes candidate 3 is 0.504. Similarly, candidate @andidate 3 does not have an
acceptable advantage for any strategy weigh0.5 when Buckley’'s FAHP method
(1985) is applied for determining the task impocematings. The critical strategy
weight that candidate 2 first passes candidate03Hbi35.

The second position which the model has been appBeChief Maintenance
Engineer position. There were six candidates fa plosition within the company.
Two decision makers’ assessed the six candidateedban the predetermined
KSAOs and best candidate has been determined byiragpFTOPSIS and FVIKOR
methods. As a result of FTOPSIS, candidate 3 hes fmind to be the most suitable
person for the position in all combinations of FAMRd FTOPSIS methods and

when the decision is based on either aggregatewimdual assessments.

FVIKOR has been performed also for this applicaionCME position. When the
decision making is performed by aggregating théviddal candidate assessments of
the PM and HRS and tasks involved in the job arked by any FAHP method,
candidate 3 is selected also in the cases whezetigal is based on the assessment of
a single decision maker (i.e. PM or HRS), and foledision is independent of FAHP
method used and valid for all strategy weights0.5.

Considering the outcomes of the selection proocasSIE position, we can conclude
that results of both FTOPSIS and FVIKOR generateeseesults in which candidate
2 comes out to be the most suitable person amangahdidates. When task weights
obtained by Chang’'s extent analysis (1996) are ,usex outcomes of FVIKOR
related to the level of acceptable advantage dfereint than the cases in which task
weights are obtained by the other FAHP methods. é¥ew the ranking of the
candidates do not change. Also, the ranking of icatels would not change if the
selection was performed based on the assessmeatsiofjle decision maker (i.e.
HoPD or HRS).

In the second application, one of the six MEs whe @urrently employed in the

company was to be selected for promoting to CMEtjeos Thus, the selection ratio
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was approximately 0.17, which is a fairly high vall\s a result of the application,
candidate 3 is selected as the most suitable pebgomominating the other
candidates according to both FTOPSIS and FVIKORhpud. In the FVIKOR
application, independent of strategy weights and BAHP method used for
determination of task weights, selecting candidateas acceptable advantage over
the selecting any other candidate. This outcomeawasistent with the outcomes of
the traditional selection process in the companyickv is based on personal
judgments of the decision makers and consensuss, Tihcan be concluded that the
model results in rational outcomes when realistilormation about job and
candidates are provided. Also, the outcomes wiipeet to assessment by single

decision maker are consistent with the outcomesdan the aggregated evaluations
of candidates.
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6. CONCLUSION AND RECOMMENDATIONS

In this study, a personnel selection model has h#mreloped based on FQFD
framework, which targets to minimize selection esrawith minimum cost and effort
by covering the whole work domain and including tregueness and subjectivity
associated with personnel selection processes.miduel assumes that there are a
number of candidates applying for a particular jabd a certain number of
candidate(s) are to be selected for the job intoqresThe model is applicable for
both white-collar and blue-collar positions and ¢éx@ected outcome from the model
is improved content-related validity, which consistf demonstration of a strong
linkage between the content of the selection preeedand important work
behaviors, activities, worker requirements, or oates on the job. Since criterion-
related validity requires longitudinal collectiori actual job performance data of
individuals who are selected for employment, ibeyond the scope of this study.
However, improving the content-related validitytbé selection process also results

in an improved criterion-related validity.

Personnel selection process involves vaguenessudnéctivity in two phases of the
selection process. First one is associated with dbgermination of personnel
characteristics and their levels required for pmniag the job. Second one is
associated with the assessments of the candidatibs respect to personnel
characteristics which the new personnel is expetddthve in order to perform the
job in question successfully. Thus, linguistic abtes, which can be expressed as
fuzzy numbers, are used in the model to evaluath boe levels of personnel
characteristics required for the job in questiamj aandidates with respect to these

personnel characteristics.

The proposed model uses FQFD for providing a sttorkgge between the content
of the job and characteristics of selected cand{datby translating the task
statements into personnel characteristics. Thugentrelated validity of the model
is ensured; and the vagueness and subjectivityerémh in personnel selection

processes, are involved in the model. The model albows multiple decision
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makers in the determination of personnel charasttesiand final selection processes
so that various people within the organization vane responsible for; or who are
affected by the selection decision can be involiredoth phases of the FQFD
process. In order to make the selection process practical, computer software has
been developed to apply the proposed selection Insodhat computational burden
associated with the model is reduced. The fuzzyqmerel selection software is
capable of running both phases of FQFD and it ve®lan interface which uses
linguistic variables for assessments throughout riwdel. It also allows group
decision-making so that multiple decision makens ba involved in the personnel
selection process. As a result, the users are edayétting lost in huge number of

matrix operations with triangular fuzzy numbers.

In the first phase of FQFD, the model identifiestatnents of tasks including work
and organizational context descriptors, and tootstachnology used for performing
the job. Then, by using FAHP, the fuzzy importameaghts of the task statements
are obtained by using three criteria: task criligatask frequency and time spent for
the task. Since there are different FAHP methodpased by different authors, three
FAHP methods have been used. Also, required peetonharacteristics are
identified in this phase and they are linked toktatatements by using a fuzzy
relationship matrix. In this step, the checklistiethis a compilation of O*NET
Content Model has been used. The use of O*Ri€E@ntent Model includes a list of
well defined personnel characteristics which previd common language for
defining personnel characteristics for many jobsl aeross many organizations.
Thus, consistency problem in the understanding @rmmunication of personnel
characteristics with respect to inclusion of muéidecision makers is resolved. The
proposed model also uses the twelve broad categokiBosition-related Personality
Requirements Form so that personality traits regufor performing a job and their
levels can be determined. This provides a “wholes@® approach to personnel
selection problem. In the end of Phase |, impoganeights of the KSAOs are
obtained by using fuzzy weighted summation. Ingbeond phase of FQFD process,
candidates are evaluated by the multiple decisiakars using linguistic variables
and these evaluations are aggregated by fuzzyrvaettb mean. By using the weights
of the KSAOs obtained in Phase |, FTOPSIS and F\RK&e used for performing

the final selection phase. Since there are diftefi@®©PSIS methods in the literature,
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three FTOPSIS methods in the literature have begplieal for ensuring the
consistency of the results with respect to differanrmalization and distance

calculation approaches in these FTOPSIS methods.

Two real-life applications of the proposed selettinodel have been performed in
one of the leading companies in milk and milk pradisector in Turkey. Two white-
collar positions, namely Shift Engineer and ChiediMenance Engineer, have been
determined for application and testing of the psgebmodel. In these applications,
the selection ratios were fairly high (1/4 for $hiEngineer and 1/6 for Chief
Maintenance Engineer). The findings from two amgilmns lead to following
conclusions. When candidates are very similar toheather in terms of their
characteristics, as it occurred in the Shift Engingelection, it becomes a difficult
process to select the most suitable candidatejbgiganental assessment and finally,
the outcomes of selection process becomes a ractioroe. Therefore, the model
helps to organize decision makers’ ideas by brepiown the selection process into
well-connected steps so that a rational decisiam lma made when none of the
candidates seem to be more eligible. Different ftoe Shift Engineer selection, the
Chief Maintenance Engineer selection was an inteaflacation problem. The
decision reached by using the proposed model wasistent with the decision
makers’ judgmental decision about the most appatgrcandidate. Assuming the
proposed selection model as a black-box, this sttty proves that the selection
model can transform the inputs into outputs acelyatvhen realistic inputs are
provided. The model has been also tested with cesiee the combinations of
different FAHP methods used for ranking the taskeal different FTOPSIS methods
and FVIKOR method which are used in the secondebathe model. As a result, it
has been also seen that ranking of the candidaies also consistent with respect to
the FMCDM methods used.

The most significant contribution provided by theomosed model is about
determining what to expect from the new personaskl on the true and up-to-date
information about the job. Thus, an organizatiory ms@ect the most suitable person
based on the subjective evaluations of multiplasi@e makers involved in a formal
way in every step of the personnel selection pseEgsfrom job analysis to final
selection process. The use of FQFD as a framevarrgdrsonnel selection problem

also provides the effective and analytical useotf analysis information which is
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neglected in many organizations most of the tintleoalgh job analysis is the key to
many human resources management decisions. Asllh @egsontent-valid selection
procedure is obtained; and improved criterion \Blids expected. Another
expectation is improved test-retest and inter-regiability since a systematic way
of determining the required personnel charactegstith their levels is revealed in
the first phase of the proposed model. Thus, thg wariation in final decision may
be due to the assessment of candidates with resp&SAOs. The proposed model
is expected to be much more useful when the setecttio is low, since decision
makers are not mentally capable of analyzing amdhggizing vast amount of job
and candidate information judgmentally.

Also, literature analysis shows that there arenadidies which apply fuzzy models
for personnel selection and none of these studiesFQFD for personnel selection
problems. These fuzzy personnel selection modedsadsitrarily determined set of
personnel characteristics in their models. Henodjnkage between the job content
and personnel characteristic used for personnetteh is claimed or proven. Thus,
the use of FQFD in the personnel selection proessnew and a useful concept
since; a solid way of developing hypotheses aboetfopmance-predictor
relationships in the personnel selection is manetzi

For future research, extension of the proposed mtmlea fuzzy competency
management system is suggested. If the proposeeIn®applied to include all
positions in an organization for determining thguieed and existing levels of each
competency in a certain organization, fuzzy compatdased allocation within the
organization may be possible. Thus, matching thdividual competencies to
positions may lead to improved job performance jabdsatisfaction of employees.
Also, employees may understand what competenoeesemded to be successful, not
only in their current jobs, but also in their fudwzareer paths. In the macro level, the
organization can increase its capacity by achievangholistic view of the
accumulated competence of the entire organizatByn.establishing a clear and
consistent framework, the organization can creafgogess for the movement of
employees across functions of the organizationyThay also be able to analyze
where there may be a shortfall of competences iiicalr business areas. Thus,
employee training and recruitment plans are endcwéh information which is

generated from identifying competence gaps.
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[. ABILITIES

1. Cognitive Abilities — Abilities that influence the acquisition and application
of knowledge in problem solving

1.1. Verbal Abilities — Abilities that influence ¢hacquisition and application of
verbal information in problem solving

1.1.1. Oral Comprehension — The ability to listerabhd understand information and
ideas presented through spoken words and sentences.

1.1.2. Written Comprehension — The ability to read understand information and
ideas presented in writing.

1.1.3. Oral Expression — The ability to communicatéormation and ideas in
speaking so others will understand.

1.1.4. Written Expression — The ability to commuate information and ideas in
writing so others will understand.

1.2. Idea Generation and Reasoning Abilites — iieg that influence the
application and manipulation of information in plein solving

1.2.1. Fluency of Ideas — The ability to come uphwa number of ideas about a
topic (the number of ideas is important, not tlygiality, correctness, or creativity).

1.2.2. Originality — The ability to come up with wsual or clever ideas about a
given topic or situation, or to develop creativeys/éo solve a problem.

1.2.3. Problem Sensitivity — The ability to tell @i something is wrong or is likely
to go wrong. It does not involve solving the prableonly recognizing there is a
problem.

1.2.4. Deductive Reasoning — The ability to apmwneral rules to specific problems
to produce answers that make sense.

1.2.5. Inductive Reasoning — The ability to combpieces of information to form
general rules or conclusions (includes finding &ti@enship among seemingly
unrelated events).

1.2.6. Information Ordering — The ability to arr@nthings or actions in a certain
order or pattern according to a specific rule draseules (e.g., patterns of numbers,
letters, words, pictures, mathematical operations).

1.2.7. Category Flexibility — The ability to gengxar use different sets of rules for
combining or grouping things in different ways.

1.3. Quantitative Abilities — Abilities that inflmee the solution of problems
involving mathematical relationships
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1.3.1 Mathematical Reasoning — The ability to clodke right mathematical
methods or formulas to solve a problem.

1.3.2. Number Facility — The ability to add, sulstranultiply, or divide quickly and
correctly.

1.4. Memory — Abilities related to the recall ofagable information

1.4.1. Memorization — The ability to remember imf@tion such as words,
numbers, pictures, and procedures.

1.5. Perceptual Abilities — Abilities related toetlacquisition and organization of
visual information

1.5.1. Speed of Closure — The ability to quickly kmasense of, combine, and
organize information into meaningful patterns.

1.5.2. Flexibility of Closure — The ability to idefy or detect a known pattern (a
figure, object, word, or sound) that is hidden ihev distracting material.

1.5.3. Perceptual Speed — The ability to quicklg ancurately compare similarities
and differences among sets of letters, numberscthpictures, or patterns. The
things to be compared may be presented at thesaraeot one after the other. This
ability also includes comparing a presented objeitt a remembered object.

1.6. Spatial Abilities — Abilities related to theampulation and organization of
spatial information

1.6.1. Spatial Orientation — The ability to knowuydocation in relation to the
environment or to know where other objects areslation to you.

1.6.2. Visualization — The ability to imagine hownsething will look after it is
moved around or when its parts are moved or regechn

1.7. Attentiveness — Abilities related to applicatiof attention

1.7.1. Selective Attention — The ability to concete on a task over a period of
time without being distracted.

1.7.2. Time Sharing — The ability to shift back afwith between two or more
activities or sources of information (such as sphesounds, touch, or other sources).

2. Psychomotor Abilities — Abilities that influencethe capacity to manipulate
and control objects

2.1. Fine Manipulative Abilities — Abilities reladeo the manipulation of objects

2.1.1. Arm-Hand Steadiness — The ability to keeprymand and arm steady while
moving your arm or while holding your arm and hamdne position.
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2.1.2. Manual Dexterity — The ability to quickly m® your hand, your hand
together with your arm, or your two hands to grasanipulate, or assemble objects.

2.1.3. Finger Dexterity — The ability to make pssty coordinated movements of
the fingers of one or both hands to grasp, maniputa assemble very small objects.

2.2. Control Movement Abilities — Abilities related the control and manipulation
of objects in time and space

2.2.1. Control Precision — The ability to quicklgcarepeatedly adjust the controls
of a machine or a vehicle to exact positions.

2.2.2. Multi-limb Coordination — The ability to catinate two or more limbs (for
example, two arms, two legs, or one leg and on@ atmie sitting, standing, or lying
down. It does not involve performing the activitiedile the whole body is in
motion.

2.2.3. Response Orientation — The ability to choggsiekly between two or more
movements in response to two or more differentaggfights, sounds, pictures). It
includes the speed with which the correct respams¢arted with the hand, foot, or
other body part.

2.2.4. Rate Control — The ability to time your momants or the movement of a
piece of equipment in anticipation of changes ia #ipeed and/or direction of a
moving object or scene.

2.3. Reaction Time and Speed Abilities — Abilitretated to speed of manipulation
of objects

2.3.1. Reaction Time — The ability to quickly respo(with the hand, finger, or
foot) to a signal (sound, light, picture) whenppaars.

2.3.2. Wrist-Finger Speed — The ability to make,fagmple, repeated movements
of the fingers, hands, and wrists.

2.3.3. Speed of Limb Movement — The ability to ddyomove the arms and legs.

3. Physical Abilities — Abilities that influence stength, endurance, flexibility,
balance and coordination

3.1. Physical Strength Abilities — Abilities reldtéo the capacity to exert force

3.1.1. Static Strength — The ability to exert maam muscle force to lift, push,
pull, or carry objects.

3.1.2. Explosive Strength — The ability to use shrsts of muscle force to propel
oneself (as in jJumping or sprinting), or to throw@bject.
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3.1.3. Dynamic Strength — The ability to exert measdorce repeatedly or
continuously over time. This involves muscular aadigce and resistance to muscle
fatigue.

3.1.4. Trunk Strength — The ability to use your @in¢thal and lower back muscles
to support part of the body repeatedly or contirslypover time without 'giving out'
or fatiguing.

3.2. Endurance — The ability to exert oneself ptgity over long periods without
getting out of breath

3.2.1. Stamina — The ability to exert yourself phgBy over long periods of time
without getting winded or out of breath.

3.3. Flexibility, Balance, and Coordination — Ab#is related to the control of gross
body movements

3.3.1. Extent Flexibility — The ability to bend,restich, twist, or reach with your
body, arms, and/or legs.

3.3.2. Dynamic Flexibility — The ability to quicklgnd repeatedly bend, stretch,
twist, or reach out with your body, arms, and/gsle

3.3.3. Gross Body Coordination — The ability to mhoate the movement of your
arms, legs, and torso together when the whole @oiymotion.

3.3.4. Gross Body Equilibrium — The ability to keepregain your body balance or
stay upright when in an unstable position.

4. Sensory Abilities — Abilities that influence visial, auditory and speech
perception

4.1. Visual Abilities — Abilities related to visuaknsory input

4.1.1. Near Vision — The ability to see detailhise range (within a few feet of
the observer).

4.1.2. Far Vision — The ability to see details alistance.

4.1.3. Visual Color Discrimination — The ability tmatch or detect differences
between colors, including shades of color and Ibnigss.

4.1.4. Night Vision — The ability to see under ltght conditions.

4.1.5. Peripheral Vision — The ability to see obgear movement of objects to one's
side when the eyes are looking ahead.

4.1.6. Depth Perception — The ability to judge whaf several objects is closer or
farther away from you, or to judge the distanceveen you and an object.
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4.1.7. Glare Sensitivity — The ability to see oltgeio the presence of glare or bright
lighting

4.2. Auditory and Speech Abilities — Abilities redd to auditory and oral input

4.2.1. Hearing Sensitivity — The ability to detemt tell the differences between
sounds that vary in pitch and loudness.

4.2.2. Auditory Attention — The ability to focus @nsingle source of sound in the
presence of other distracting sounds.

4.2.3. Sound Localization — The ability to tell tdeection from which a sound
originated.

4.2.4. Speech Recognition — The ability to identfyd understand the speech of
another person.

4.2.5. Speech Clarity — The ability to speak chead others can understand you.
II. SKILLS

1. Basic Skills — Developed capacities that facitite learning or the more rapid
acquisition of knowledge

1.1. Content — Background structures needed to weaitk and acquire more
specific skills in a variety of different domains

1.1.1. Reading Comprehension — Understanding wrisientences and paragraphs
in work related documents.

1.1.2. Active Listening — Giving full attention tahat other people are saying,
taking time to understand the points being madangsjuestions as appropriate, and
not interrupting at inappropriate times.

1.1.3. Writing — Communicating effectively in wnty as appropriate for the needs
of the audience.

1.1.4. Speaking — Talking to others to convey infation effectively.
1.1.5. Mathematics — Using mathematics to solvéleros.
1.1.6. Science — Using scientific rules and methodsolve problems.

1.2. Process — Procedures that contribute to thee mapid acquisition of
knowledge and skill across a variety of domains

1.2.1 Critical Thinking — Using logic and reasonit@identify the strengths and
weaknesses of alternative solutions, conclusiorapproaches to problems.

159



1.2.2. Active Learning — Understanding the implicas of new information for
both current and future problem-solving and deaisitaking.

1.2.3. Learning Strategies — Selecting and usiagitrg/instructional methods and
procedures appropriate for the situation when legrar teaching new things.

1.2.4. Monitoring — Monitoring/Assessing performancof yourself, other
individuals, or organizations to make improvememttake corrective action.

2. Cross-Functional Skills — Developed capacitie®at facilitate performance of
activities that ocur across jobs

2.1. Social Skills — Developed capacities used dokwvith people to achieve goals

2.1.1. Social Perceptiveness — Being aware of stlieactions and understanding
why they react as they do.

2.1.2. Coordination — Adjusting actions in relatimnothers' actions.

2.1.3. Persuasion — Persuading others to changanimals or behavior.

2.1.4. Negotiation — Bringing others together anythg to reconcile differences.
2.1.5. Instructing — Teaching others how to do sihing.

2.1.6. Service Orientation — Actively looking forays to help people.

2.2. Complex Problem Solving Skills — Developed a@pes used to solve novel,
ill-defined problems in complex, real-world setting

2.2.1. Complex Problem Solving — Identifying complex preiis and reviewing
related information to develop and evaluate optemd implement solutions.

2.2.2. Problem Identification — Identifying the ned of problems

2.2.3. Information Gathering — Knowing how to fimformation and identifying
essential information

2.2.4. Information Organization — Finding ways twousture or classify multiple
pieces of information

2.2.5. Synthesis/Reorganization — Reorganizingrmédion to get a better approach
to problems or tasks

2.2.6. Idea Generation —Generating a number oéidifft approaches to problems

2.2.7. |dea Evaluation — Evaluating the likely segex of an idea in relation to the
demands of the situation

2.2.8. Implementation Planning — Developing apphescfor implementing an idea
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2.2.9. Solution Appraisal — Observing and evalugtine outcomes of a problem
solution to identify lessons learned or rediretbres

2.3. Technical Skills — Developed capacities usedi¢sign, set-up, operate, and
correct malfunctions involving application of maeés or technological systems

2.3.1. Operations Analysis — Analyzing needs aratipct requirements to create a
design.

2.3.2. Technology Design — Generating or adaptipgimment and technology to
serve user needs.

2.3.3. Equipment Selection — Determining the kidomls and equipment needed
to do a job.

2.3.4. Installation — Installing equipment, maclsineviring, or programs to meet
specifications.

2.3.5. Programming — Writing computer programsv@arnous purposes.

2.3.6. Testing — Conducting tests to determine twreequipment, software, or
procedures are operating as expected

2.3.7. Operation Monitoring — Watching gauges, gliar other indicators to make
sure a machine is working properly.

2.3.8. Operation and Control — Controlling opemasi@f equipment or systems.

2.3.9. Equipment Maintenance — Performing routirantenance on equipment and
determining when and what kind of maintenance eled.

2.3.10. Troubleshooting — Determining causes ofratygg errors and deciding
what to do about it.

2.3.11 Repairing — Repairing machines or systermgubke needed tools.

2.3.12. Quality Control Analysis — Conducting teatsd inspections of products,
services, or processes to evaluate quality or pedoce.

2.4. Systems Skills — Developed capacities useduriderstand, monitor, and
improve socio-technical systems

2.4.1. Visioning — Developing an image of how ateys should work under ideal
conditions

2.4.2. Systems Perception — Determining when ingmbdrthanges have occurred in
a system or are likely to ocur

2.4.3. Identifying Downstream Consequences — Dateng the long-term
outcomes of a change in operations
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2.4.4. Judgment and Decision Making — Considerrggrelative costs and benefits
of potential actions to choose the most appropoate

2.4.5. Systems Analysis — Determining how a systbould work and how changes
in conditions, operations, and the environment afiiéct outcomes.

2.4.6. Systems Evaluation — Identifying measures imdticators of system
performance and taking into account their accurany the actions needed to
improve or correct performance, relative to thelgodthe system.

2.4.7. Identification of Key Causes — Identifyirtgetthings that must be changed to
achieve a goal

2.5. Resource Management Skills — Developed capaaised to allocate resources
efficiently

2.5.1. Time Management — Managing one's own tintetha time of others

2.5.2. Management of Financial Resources — Detenginow money will be spent
to get the work done, and accounting for these rdipgres

2.5.3. Management of Material Resources — Obtaiaimd)seeing to the appropriate
use of equipment, facilities, and materials negdettb certain work

2.5.4. Management of Personnel Resources — Matiyatieveloping, and directing
people as they work, identifying the best peopletie job

. KNOWLEDGE: Organized sets of principles and facts applyingg@émeral
domains

1. Business and Management — Knowledge of princigeand facts related to
business administration and accounting, human and aterial resource
management in organizations, sales and marketing,cenomics, and office
information and organizing systems

1.1. Administration and Management — Knowledge o$ibess and management
principles involved in strategic planning, resaurallocation, human resources
modeling, leadership technique, production methadd, coordination of people and
resources.

1.2. Clerical — Knowledge of administrative andridal procedures and systems
such as word processing, managing files and recetedsography and transcription,
designing forms, and other office procedures anditelogy.

1.3. Economics and Accounting — Knowledge of ecoigorand accounting

principles and practices, the financial marketspkbey and the analysis and
reporting of financial data.
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1.4. Sales and Marketing — Knowledge of principesl methods for showing,
promoting, and selling products or services. Thidudes marketing strategy and
tactics, product demonstration, sales techniqueksales control systems.

1.5. Customer and Personal Service — Knowledgeriotiples and processes for
providing customer and personal services. Thisuohes customer needs assessment,
meeting quality standards for services, and evianaif customer satisfaction.

1.6. Personnel and Human Resources — Knowledgarafiples and procedures for
personnel recruitment, selection, training, compgans and benefits, labor relations
and negotiation, and personnel information systems.

2. Manufacturing and Production — Knowledge of prirciples and facts related
to the production, processing, storage, and distriltion of manufactured and
agricultural goods

2.1. Production and Processing — Knowledge of rawtemmls, production
processes, quality control, costs, and other tegctas for maximizing the effective
manufacture and distribution of goods.

2.2. Food Production — Knowledge of techniques aadipment for planting,
growing, and harvesting food products (both plamd @nimal) for consumption,
including storage/handling techniques.

3. Engineering and Technology — Knowledge of the d@n, development, and
application of technology for specific purposes.

3.1. Computers and Electronics — Knowledge of dirboards, processors, chips,
electronic equipment, and computer hardware antivacé, including applications
and programming.

3.2. Engineering and Technology — Knowledge of piractical application of
engineering science and technology. This includgsyang principles,techniques,
procedures, and equipment to the design and producf various goods and
services.

3.3. Design — Knowledge of design techniques, toaisl principles involved in
production of precision technical plans, bluepridigwings, and models.

3.4. Building and Construction — Knowledge of matks; methods, and the tools
involved in the construction or repair of housas|dings, or other structures such as
highways and roads.

3.5. Mechanical — Knowledge of machines and taolduding their designs, uses,
repair, and maintenance.
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4. Mathematics and Science — Knowledge of the histg theories, methods, and
applications of the physical, biological, social, athematical, and geography

4.1. Mathematics — Knowledge of arithmetic, algelgeometry, calculus, statistics,
and their applications.

4.2. Physics — Knowledge and prediction of physigainciples, laws, their
interrelationships, and applications to understagdiuid, material, and atmospheric
dynamics, and mechanical, electrical, atomic ant- satomic structures and
processes.

4.3. Chemistry — Knowledge of the chemical compositstructure, and properties
of substances and of the chemical processes amsfdreations that they undergo.
This includes uses of chemicals and their intepasti danger signs, production
techniques, and disposal methods.

4.4. Biology — Knowledge of plant and animal organms, their tissues, cells,
functions, interdependencies, and interactions egith other and the environment.

4.5. Psychology — Knowledge of human behavior aedigpmance; individual
differences in ability, personality, and interestiearning and motivation;
psychological research methods; and the assessmeériteatment of behavioral and
affective disorders.

4.6. Sociology and Anthropology — Knowledge of gvooehavior and dynamics,
societal trends and influences, human migratiotmgi@ty, cultures and their history
and origins.

4.7. Geography — Knowledge of principles and meshimil describing the features
of land, sea, and air masses, including their mayscharacteristics, locations,
interrelationships, and distribution of plant, aalprand human life.

5. Health Services — Knowledge of principles and &s regarding diagnosing,
curing, and preventing disease, and improving and neserving physical and
mental health and wellbeing

5.1. Medicine and Dentistry — Knowledge of the imf@tion and techniques needed
to diagnose and treat human injuries, diseases, dafidrmities. This includes
symptoms, treatment alternatives, drug propertres iateractions, and preventive
health-care measures.

5.2. Therapy and Counseling — Knowledge of priresplmethods, and procedures

for diagnosis, treatment, and rehabilitation of §ibgl and mental dysfunctions, and
for career counseling and guidance.
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6. Education and Training — Knowledge of principles and methods for
curriculum and training design, teaching and instruwction for individuals and
groups, and the measurement of training effects.

7. Arts and Humanities — Knowledge of facts and priciples related to the
branches of learning concerned with human thoughianguage, and the arts.

7.1. English Language — Knowledge of the structamel content of the English
language including the meaning and spelling of wprdiles of composition, and
grammar.

7.2. Foreign Language — Knowledge of the structure content of a foreign (non-
English) language including the meaning and spgltihwords, rules of composition
and grammar, and pronunciation.

7.3. Fine Arts — Knowledge of the theory and teqges required to compose,
produce, and perform works of music, dance, viaual, drama, and sculpture.

7.4. History and Archeology — Knowledge of histatievents and their causes,
indicators, and effects on civilizations and cudtur

7.5. Philosophy and Theology — Knowledge of differphilosophical systems and
religions. This includes their basic principles,lues, ethics, ways of thinking,
customs, practices, and their impact on human eultu

8. Law and Public Safety — Knowledge of regulationsand methods for
maintaining people and property free from danger, injury, or damage; the rules
of public conduct established and enforced by ledaion, and the political
process establishing such rules.

8.1. Public Safety and Security — Knowledge of vald equipment, policies,
procedures, and strategies to promote effectivallostate, or national security
operations for the protection of people, data, proyp and institutions.

8.2. Law and Government — Knowledge of laws, legadles, court procedures,
precedents, government regulations, executive syrdagency rules, and the
democratic political process.

9. Communications — Knowledge of the science and tarof delivering
information

9.1. Telecommunications — Knowledge of transmissimmadcasting, switching,
control, and operation of telecommunications system

9.2. Communications and Media — Knowledge of medmoduction,

communication, and dissemination techniques anti@dst This includes alternative
ways to inform and entertain via written, oral, amgbial media.
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10. Transportation — Knowledge of principles and m#hods for moving people
or goods by air, rail, sea, or road, including theelative costs and benefits.

11. Job-specific knowledge - Specific knowledge algo the job under
consideration.

IV. EDUCATION: Prior educational experience required to perforra job

1. Instructional Program Required — The instructional program required for
this job

2. Education Level in Specific Subjects — The amourof education required in
15 subject areas to perform in a job. Subject areasover most of the courses
that occur in high school, junior college, collegeundergraduate degree
programs, and other education and training programs

2.1. Technical Vocational — Courses focus on nosisiess technical skills, such as
Agriculture, Industrial Arts, Automobile and Shamd Electronics

2.2. Business Vocational — Courses focus on bassinbss skills, such as Word
Processing, Filing, Bookkeeping/Basic Accounting

2.3. English/language Arts — Courses focus on regdnterpretation, and writing,
such as Literature, Composition, Journalism, areh@re Writing

2.4. Oral Communication — Courses focus on oralroomication and speech, such
as Oral Communication, Speech, and Interpersonain@mication

2.5. Languages — Courses focus on reading, writamgl/or speaking languages
other than English, such as French, Chinese, Gerdaganese, Latin, Russian, and
Spanish

2.6. Basic Math — Courses focus on basic and apphath, such as General Math
and Business Math

2.7. Advanced Math — Courses focus on advancedgapimath, such as Algebra,
Geometry, Calculus, and Statistics

2.8. Physical Science — Courses focus on the stfidyatter and/or energy, such as
Physics, Chemistry, and Astronomy

2.9. Computer Science — Courses focus on compuateds their uses, such as
Programming, Information Systems Management, arffitv&ee Applications

2.10. Biological Science — Courses focus on thdystf life and living beings, such
as life science, biology, anatomy and physiology

2.11. Applied Science — Courses focus on the agiphic of science, such as
Engineering, Health, and Medicine
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2.12. Social Science — Courses focus on the beftavstiences, such as Social
Studies, Economics, History, Psychology, and Sogil

2.13. Arts — Courses focus on visual and perfornartg, such as Arts and Cratfts,
Music, Painting, Sculpture, Theater, and Voice

2.14. Humanities — Courses focus on cultural antbgbphical aspects of humans,
such as Minority Studies, Philosophy, and Religion

2.15. Physical Education — Courses focus on phlysicess and sports, such as
Aerobics, Jogging, Weight Lifting, and Specific $go

V. EXPERIENCE: If someone were being hired to perform this jobyhauch of
the following would be required?

1. Experience and Training — If someone were beinlgired to perform this job,
how much of the following would be required?

1.1. Related Work Experience — Amount of relatedknexperience required to get
hired for the job?

1.2. On-Site or In-Plant Training — Amount of omesr in-plant training (e.g.,
organizedclass room instruction) required to penftine job?

1.3. On-the-Job Training — Amount of on the jolrtiag required to perform the
job?

2. Licensing — Licenses, certificates, or registrains that are awarded to show
that a job holder has gained certain skills. This ncludes requirements for
obtaining these credentials, and the organization roagency requiring their
possession.

2.1. License, Certificate, or Registration RequiredAt least one license, certificate,
or registration is required to perform in this jabgcluding a driver's or vehicle
operator's license. The specific license(s), ceati€(s), or registration(s) are listed.

2.1.1. Specific License or Certificate Required —pedfic education, training,
examination, or other requirements for obtaining ticenses, certificates, or
registration needed to perform in this job

2.1.2. Post-Secondary Degree — Obtaining the legneertificates, or registration
needed to perform in this job requires a post-sgaopndegree, for example an
Associate's or Bachelor's degree.

2.1.3. Graduate Degree — Obtaining the licensesficates, or registration needed

to perform in this job requires a graduate dedi@meexample, a Master's or Doctoral
degree.
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2.1.4. On-the-Job Training — Obtaining the licenseartificates, or registration
needed to perform in this job requires on-the-jaining, including apprenticeships,
internships, and other supervised experiences.

2.1.5. Examination — Obtaining the licenses, cegtks, or registration needed to
perform in this job requires an examination, forammple, written, oral, or
performance assessments.

2.1.6. Character References — Obtaining the liceneertificates, or registration
needed to perform in this job requires one or nubraracter references from other
individuals.

2.1.7 Additional Education and Training — Retainiting licenses, certificates, or
registration needed to perform in this job requadditional course work.

2.2. Organization and Agency Requirements — Orgdinias or agencies requiring
the specific licenses, certificates, or registrateeded to perform in a job.

2.2.1. Legal Requirement — Federal, state, or lalrequires possessing specific
licenses, certificates, or registration for perfanoe in this job.

2.2.2. Employer Requirement — Employers requirespssing specific licenses,
certificates, or registration for performance irs job.

2.2.3. Union, Guild, or Professional Association A- union or professional
association requires possessing specific licensesificates, or registration for
performance in this job.

VI. PERSONALITY

1. Surgency

1.1. General Leadership: a tendency to take chafgsituations or groups. To
influence or motivate behavior or thinking of otlpersons.

Sample items: Lead group activities through exercise of poweraaothority; Take
control in group situations.

1.2. Interest in Negotiation: an interest in brimgtogether contesting parties through
mediation or arbitration or as a contesting paatyability and willingness to see and
understand differing points of view.

Sample items:. Negotiate on behalf of the work unit for a faiash of organizational
resources; Mediate and resolve disputes at indijdwmoup, or organizational levels.

1.3. Achievement Striving: an ambition and desira¢hieve, to win, or to do better

than others, a desire to exert effort to advaneeja better than one’s own prior
achievement.
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Sample items: Work beyond established or ordinary work periog#ofect services
or products; Work to excel rather than work to perf assigned tasks.

2. Agreeableness

2.1. Friendly Disposition: a tendency to be outgdmassociation with other people,
to seek and enjoy the company of others, to beagi@gs, to interact easily and well
with others.

Sample items: Represent and promote the organization in sooialacts away from
work; Attract new clients or customers throughridly interactions.

2.2. Sensitivity to interest of others: a tendetwye a caring person in relation to
other people, to be considerate, understanding, tandve genuine concern for
others.

Sample items. Listen attentively to the work-related problems athers; Give
constructive criticism tactfully.

2.3. Cooperative or Collaborative Work Tendencylesire or willingness to work
with others to achieve a common purpose and taabteop a group, a willingness and
interest in assisting clients, customers, or coemk

Sampleitems: Work as part of an interacting work group; Worklwene or more co-
workers to complete assigned tasks.

3. Conscientiousness
3.1. General Trustworthiness: a pattern of behathiat leads one to be trusted by
other people with property, money, or confidentidbrmation, a demonstration of

honesty, truthfulness, and fairness.

Sample items. Refuse to share or release confidential infornmaticMake
commitments and follow through on them.

3.2. Adherence to a Work Ethic: a tendency to wuakd and to be loyal, to give a
full day’s work each day and to do one’s best tdgyen well, a tendency to follow
instructions and accept company goals, policied rales.

Sample items. See things that need to be done and do them witivaiting for
instructions; Work until task is done rather th&opping at quitting time.

3.3. Thoroughness and Attentiveness to Detailgnddncy to carry out tasks with
attention to every aspect, a meticulous approaciméss own task performance.

Sample items. Examine all aspects of written reports to be sha¢ nothing has been
omitted; remain attentive to details over extengedods of time.
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4. Emotional Stability

4.1. Emotional Stability: a calm, relaxed appro&gtsituations, events, or people,
emotionally controlled responses to changes imihi environment situations.

Sample items. Adapt easily to changes in work procedures; Keepl avhen
confronted with conflicts.

5. Intellectance
5.1. Desire to Generate Ideas: a preference foatsins in which one can develop
new things, ideas, or solutions to problems throtrglativity or insight, or try new or

innovative approaches to tasks or situations.

Sample items. Help find solutions for the work problems of othemployees or
clients; Develop innovative approaches to old @rgday problems.

5.2. Tendency to Think Things Through: a habit oéntally going through
procedures or a sequence of probable events biekirey action, a tendency to seek
and evaluate information, and to consider consezpgen

Sample items: Solve complex problems one step at a time; Anapast mistakes
when faced with similar problems.
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APPENDIX B : Information Input for Shift Engineer Selection Biem
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TableB.1 : Pairwise comparison of task importance criteriéSky1l.

CRITICALITY|FREQUENCY | TIME SPENT
CRITICALITY JE VSMI VSMI
FREQUENCY JE El
TIME SPENT JE
CR =0.037

TableB.2 : Pairwise comparison of task importance critericSky2.

CRITICALITY|FREQUENCY | TIME SPENT
CRITICALITY JE VSMI VSMI
FREQUENCY JE El
TIME SPENT JE
CR =0.037

Table B.3: Pairwise comparison of tasks by SE 1 with respetadk criticality.

TASK 1[TASK 2|TASK 3[TASK 4[TASK 5|TASK 6[TASK 7|TASK 8[TASK 9|TASK 10
TASK 1 JE El VSMI | WMI | RWMI El SMI SMI El SMI
TASK 2 JE SMi WMI | RWMI | RWMI | SMI SMI El SMI
TASK 3 JE WMI | RSMI | RSMI El WMI El SMI
TASK 4 JE | RVSMIIRVSMI| WMI |RWMI | RSMI | RWMI
TASK 5 JE El VSMI| SMI WMI VSMI
TASK 6 JE SMI SMI WMI VSMI
TASK 7 JE El RSMI WMI
TASK 8 JE RWMI El
TASK 9 JE WMI
TASK 10 JE
CR =0.019

TableB.4 : Pairwise comparison of tasks by SE 2 with respetadk criticality.

TASK 1[TASK 2[TASK 3|TASK 4[TASK 5[TASK 6[TASK 7[TASK 8[TASK 9|TASK 10

TASK 1 | JE El | WMI |RVSMI| EI El SMI | RWMI | El SMI
TASK 2 JE | wMml |[RvsmI| EI El SMI | RWMI| EI SMI
TASK 3 JE | WMI | RSMI| RSMI| EI El El El
TASK 4 JE | RSMI| RsMI| EI El | RSMI El
TASK 5 JE El SMI | swmi El SMI
TASK 6 JE SMI | swmi El SMI
TASK 7 JE El | RSMI El
TASK 8 JE | RSMI El
TASK 9 JE SMI
TASK 10 JE
CR = 0.044
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TableB.5 : Pairwise comparison of tasks by SE 1 with respetagk frequency.

TASK 1[TASK 2|TASK 3|TASK 4[TASK 5|TASK 6[TASK 7|TASK 8|TASK 9[TASK 10
TASK 1 JE El El El RWMI| RWMI | SMI | VSMI El El
TASK 2 JE WMI | WMI | RSMI El WMI | AMI El El
TASK 3 JE El El El El AMI | RWMI El
TASK 4 JE El RWMI| WMI | VSMI |RWMI | RWMI
TASK 5 JE El SMI AMI | WMI WMI
TASK 6 JE SMI AMI El WMI
TASK 7 JE SMI | RVSMI RWMI
TASK 8 JE RAMI| RVSMI
TASK 9 JE WMI
TASK 10 JE
CR =0.019

Table B.6 : Pairwise comparison of tasks by SE 2 with respetask frequency.

TASK 1[TASK 2|TASK 3|TASK 4[TASK 5|TASK 6[TASK 7|TASK 8|TASK 9[TASK 10
TASK 1 JE El SMI | VSMI El El VSMI | AMI El El
TASK 2 JE SMI SMI WMI El VSMI | AMI El El
TASK 3 JE SMI | RSMI| RWMI| EI SMiI RSMI El
TASK 4 JE RSMI| RWMI| EI SMI | RWMI El
TASK 5 JE RWMI| El WMI | RWMI El
TASK 6 JE VSMI| AMI El El
TASK 7 JE El RVSM El
TASK 8 JE | RVSM El
TASK 9 JE VSMI
TASK 10 JE
CR =0.034

TableB.7 : Pairwise comparison of tasks by SE 1 with respettrie spent.

TASK 1[TASK 2|TASK 3|TASK 4[TASK 5|TASK 6[TASK 7|TASK 8[TASK 9|TASK 10
TASK 1 JE El SMi El RSMI| RSMI| SMI | VSMI El SMI
TASK 2 JE VSMI El RVSMI| RSMI | SMI | VSMI El SMI
TASK 3 JE RWMI| RAMI |RVSMI El WMI | RSMI El
TASK 4 JE RWMI| RWMI | SMI | VSMI | RWMI | VSMI
TASK 5 JE El VSMI| AMI SMi VSMI
TASK 6 JE VSMI| VSMI| WMI VSMI
TASK 7 JE WMI | RSMI El
TASK 8 JE | RVSMI RWMI
TASK 9 JE VSMI
TASK 10 JE
CR =0.016
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Table B.8 : Pairwise comparison of tasks by SE 2 with respettrie spent.

TASK 1[TASK 2|TASK 3|TASK 4[TASK 5[TASK 6|TASK 7|[TASK 8|TASK 9|TASK 10
TASK1 | JE El | VSMI| WMI El El | VSMI| VSMI | EI VSMI
TASK 2 JE | VSMI| wWMI El El | VSMI| VSMI | EI VSMI
TASK 3 JE | RSMI| RSMI| RSMI| El | RWMI RWMI El
TASK 4 JE | RWMI| RWMI | WMI El El El
TASK 5 JE El | VSMI| SMI El VSMI
TASK 6 JE SMI | sSMI El VSMI
TASK 7 JE | RSMI| RSMI El
TASK 8 JE El VSMI
TASK 9 JE VSMI
TASK 10 JE
CR =0.023
TableB.9: Tasks — KSAOs linkages by two SEs.

Sggﬁmwv\wmazﬁﬂiﬂﬁﬁﬁﬂgﬁ

OO QO Q] QO o|olo| o/o] ol o] ol ololo|o

33333333 3333 5335 3 5 5 53

Y| X| XY Y X ¥ ¥ X Y X Y X
TASK1 [M|M|M|M|M|M|M |VH[MH VH| M M [VH|VH|VH|H |[M | M
TASK2 [M|M|M|M|M MH| M VH| M M [VH|VH|VH|H [M | M
TASK 3 MH M VH| M VH|VH|VH| H VH
TASK 4 H| H| H| MH VH M |M | M |VH|VH H
TASK5 [M|M|M|M|M [VH|VH|VH|MH|M |M [VH| M VH|VH|VH |VH| H H
TASK6 [M|M|M|M|[M [VHIVH|VH|MH|M |M [VH| M VH|VH|VH |VH| H H
TASK7 [M|M|M|M|M MH|M |M [VH| M M [VH|VH| M | H M
TASK8 [M|M|M|M|M MH M |VH| M VH|VH|VH|H |H|H[H
TASK9 |[M|M M|VH| |VH|MH VH| M M |[VH|VH|VH| H M
TASK 10| L | L MH VH| M VH|VH H
TableB.10: Tasks — KSAOs linkages by HRS.

SNl ol siwl o~ ol o G TS I I 8 8 5 83K
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FEHEEEEEEEEEEEEEEEEEE
TASK1 [M|M|M|M|M|M|M|VH|  H |L H|{ M M |VH|VH|VH|H [M | M
TASK2 [M|M|M|M|M H|M H|MH M |VH|VH|VH|H |[M [ M
TASK 3 H| M H{ M VH|VH |VH| H VH
TASK 4 Hl H{ H H| L H M| MM |H |VH H
TASK5 [M|M|M|M|M|VHIVHIVH[ H |[M|M|H[MH| |VH|H |VH|VH|H H
TASK6 [M|M|M|M|M|VHIVHIVH[ H |[M|M|H[MH| |VH|H |VH|VH|H H
TASK7 [M|M|M|M|M HIM/M|H|[M M|H|VH/M|H M
TASK8 [M|M|M|M|M HI LM/ H[M VH H |[VH/H|H|H|[H
TASK9 |M|M MIVH| |VH| H |L H{ M M| H |VH|VH| H M
TASK 10| L | L H| L H| MH H|VH H
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Figure B.1: Results window of FPSS for SE selection problem.
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APPENDIX C : Information Input for Chief Maintenance Engineefegtion
Problem
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Table C.1: Pairwise comparison of task importance criteria.

CRITICALITY|FREQUENCY | TIME SPENT
CRITICALITY JE VSMI VSMI
FREQUENCY JE El
TIME SPENT JE
CR =0.037

Table C.2: Pairwise comparison of tasks with respect to taicality.

TASK 1|TASK 2|TASK 3|TASK 4[TASK 5[TASK 6[TASK 7|[TASK 8[TASK 9|TASK 10
TASK1 | JE AMI | WMI | WMI | SMI | SMI | SMI | SMI | VSMI | VSMI
TASK 2 JE | RSMI| RSMI| RSMI| RSMI| RSMI| RSMI RWM| RWMI
TASK 3 JE WMI | SMmI El El El WMI | WMI
TASK 4 JE | wwMmI El El | RWMI| WMI | WMI
TASK 5 JE | RWMI| RWMI | RWMI | WMI | WMI
TASK 6 JE El El WMI | WMI
TASK 7 JE El WMI | WM
TASK 8 JE | WMI| WMI
TASK 9 JE El
TASK 10 JE
CR=0.012
Table C.3: Pairwise comparison of tasks with respect to taestiuiency.

TASK 1[TASK 2|TASK 3[TASK 4[TASK 5[TASK 6[TASK 7|[TASK 8[TASK 9|TASK 10
TASK1 | JE | WMI | SMI | WMI | VSMI | SMI | RWMI | RSMI | VSMI | VSMI
TASK 2 JE | RWMI| EI WMI | WMI | WMI_|RVSMI | VSMI | VSMI
TASK 3 JE SMI | RWMI| SMI | SMI |RVSMI| VSMI | VSMI
TASK 4 JE | RSMI El RSMI| RSMI| swMI SMI
TASK 5 JE | VSMI| RSMI| RVSMI SMI SMmI
TASK 6 JE | RVSMIRVSMI| SMI SMmI
TASK 7 JE | RWMI| SMI SMI
TASK 8 JE AMI AMI
TASK 9 JE El
TASK 10 JE
CR =0.038
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Table C.4: Pairwise comparison of tasks with respect to tipens

TASK 1[TASK 2[TASK 3|TASK 4[TASK 5[TASK 6[TASK 7[TASK 8[TASK 9|TASK 10
TASK1 | JE SMI | RSMI| RVSMI| SMI | SMI | SMI | WMI | RSMI | RSMI
TASK 2 JE | RSMI| RsMI| RwMI| EI | RSMI | RSMI | RvSMI| RVSMI
TASK 3 JE | RWMI| sMI | vsmi | smi | wMiI | RSMI | RsMI
TASK 4 JE | AmI | vsmi| smi | swmi | RwMI| RwMI
TASK 5 JE | wMmi| EI | RSMI| RVSMI RVSMI
TASK 6 JE | RSMI| RSMI| RAMI| RAMI
TASK 7 JE | RSMI| RVSM| RVSMI
TASK 8 JE | RAMI| RAMI
TASK 9 JE El
TASK 10 JE
CR = 0.024
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Table C.5: Tasks — KSAOs linkages by the current CME.
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H
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VH | ML
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TASK 1 |MH| M [MH| M |MH|ML | VL

TASK 2 |ML | M

TASK 3| H

TASK 4 |ML

TASK5 ML| M ML M

TASK 6| M

TASK 7 |MH

TASK 8 |ML |ML

TASK9|  H|{ M| HMH| H MHMH|VHIH|M|VH| H MHMHMHMH MM |H|VH M MHM|M|H|H|VH H|M|VH| H

TASK 100 M |H| M |MH|M | M [MH | M

181



Table C.6: Tasks — KSAOs linkages by the ME.
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sonnel Selection
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Figure C.1: Results window of FPSS for CME selection problem.
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