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APPLICATION OF SWARA AND DNMA METHODS IN RECRUITING SOFTWARE

Abstract

Personnel selection is a complex, multi-criteria decision-making problem that involves both qualitative
and quantitative factors. Despite various techniques being proposed across different industries, a robust method
that adequately addresses uncertainty remains needed. This study introduces an integrated approach,
combining the Step-wise Weight Assessment Ratio Analysis (SWARA) and the Double Normalization-Based
Multiple Aggregation (DNMA) methods. The proposed framework first employs the SWARA method to
determine the importance of criteria, followed by the application of the DNMA method to rank candidates
based on a sequential evaluation process. The goal of the study is to select the most suitable candidate from
five applicants for a vacant position in a company within the participatory software sector. The criteria weights
were primarily determined by the decision-maker using the SWARA method, with computer and software
skills, work experience, teamwork adaptability, foreign language proficiency, and problem-solving skills
identified as the five key criteria. The DNMA method was then used to assess the candidates' performance,
and the results indicated that one of the candidates was the best fit for the position. When compared with
similar studies in the literature, it was found that while many multi-criteria decision-making methods have
been employed, the combination of SWARA and DNMA methods is novel. This study demonstrates the
effectiveness of these methods in personnel selection, offering a new approach to the literature on decision-
making processes.

Keywords: SWARA, Multi-criteria decision making, personnel selection, DNMA.
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BAFJAPJTAMAJIBIK KAMTAMACBI3 ETY CAJTACBIHIAAYBI IEPCOHAJLABI IPIKTEYIE
SWARA KOHE DNMA 9JIICTEPIH KOJIIAHY

Anoamna

[Mepconannpl ipikTey- canaiblK >KoHE CaHIBIK (haKkTopiap sl KAMTHTBIH, KOIT KPUTEPHUILTI 1IemiM KaObuiiay
Mocesieci 00BN TaObUIaABl. OPTYPIl canajapAa YChIHBUIFaH KONTEreH 9JicTepre KapamacTaH, Oenricizmik
KaralnapblH TOJBIK €CKEPETIH CeHIMII 9iC 911 e KaxeT. by 3epTrey KpuTepuilepAiH MaHbI3AbUIBIFbIH
anpIkTay ymriH keseHMeH SWARA xone DNMA onictepin OipikTipreH KemeHIi Tocili YCHIHBUIAIbL.
AnpertmeHr SWARA opmici apKpUThl KpUTEpUATIEpPAIH MAaHBI3IBUIBIFRI aHBIKTANBII, kKeiH DNMA omici
KOJIJaHBUIBII, NEPCOHAIAAP PETTIK Oaranay Heri3iHAe CypblNTalaabl. 3epTTEYyAiH MaKcaThl — KaTBICYIIIbI
OarapiaMajiblK KaMTaMachl3 €Ty CalachlHa )KYMBIC ICTEHTIH KOMIAHHUSIAFbl 00C OpbIHFA 0€C YMITKEpIiH
IIIHEH €H KOJaWBICBIH TaHmaay. Kpurepuiiiep[iH cajaMmarbl IIemnm KaObuigayiibl TaparnbiHaH SWARA
o/liciMEH aHBIKTAJABI, aJI HETi3ri 0ec KpUTEpHil peTiHIe KOMIBIOTEPIiK >KoHe OaraapiamMaliblK AarIbliap,
JKYMBIC ©T1JIi, TONTHIK )KYMbICKa OCHIMILIIK, ST TIAIH OLTy jXoHE Maceseepal melry KadiieTi KaObLUIAaH bl
YMiTKepsIepaiH HOTHKeIepiH Oaranay yimiH DNMA afici KOJIAaHbUIIbI XKoHE Oip YMITKepIiH 00C OpbIHFa €H
JAWBIKTBl EKEHIIrT aHBIKTANIbl. OAeOMeTTepAeri yKcac 3epTTEeyJIEpMEH CaJbICTBIpFaHIa, KONTEreH Kol
KpUTepHiT memiM KaOpuinay omicrepi KonpaneUraHbiMeH, SWARA men DNMA opicrepiniy yitrecimi
YKaHAJIBIK OOJIBIN TAaOBUIATBIHBI aHBIKTANIBL. ByJl 3epTTey OChI 9JicTepiH MEepCOHANBI IpIKTeyae THIMI
KOJIJaHBUTYBIH KOPCETIll, MeNIiM KaObl1lay IpoLecTepl XKeHiHAer oae0neTKe kaHa TICI eHri3el.

Tyiiin ce3mep: SWARA, kenm kpurepuiini memim KaObuigay, HEepcoHaNAbl ipikTey, OaraapiiaMalibk
KaMTaMachI3 eTy cektopbl, DNMA.
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NPUMEHEHHUE METOJOB SWARA U DNMA B ITIOJABOPE IEPCOHAJIA B OBJIACTH
INPOI'PAMMHOI'O OBECIIEYEHUSA

Annomayus

[lonGop mepcoHanma - 3TO CIOKHAsE MHOTOKPUTEpHUANbHAs MpoOjeMa NPUHATHS PELICHUH, KOTopas
BKJIIOYAET B ce0s KaK KauecTBEHHbIE, TaK M KOJUYECTBEHHbIE (hakTopbl. HecMOTpst Ha TO, 4TO B Pa3IUUHBIX
OTpacisix TMpeUIaraloTcsl pa3ludHble METOIbl, IMO-TpeKHEMY TpeOyeTcsi HAJACKHBIH METOM, KOTOPBIHA
a/ICKBaTHO YYMTBIBaET HEOIPEIENICHHOCTh. B 3TOM mHccieoBaHMM NPEACTaBICH KOMIUICKCHBIM MOIXO[,
COYETAIOMINI MMOdTANHBI aHamu3 kod(pduuuenta ouenku Beca (SWARA) m MeToasl MHOXECTBEHHOM
arperanuy Ha ocHoBe aBoiHON HopManu3anuu (DNMA). B npennaraemoii cuctemMe cHavyama MCHOIb3YeTCsI
meron SWARA s ompejnenieHuss BaXHOCTH KpUTepueB, a 3aTeM mnpumensiercs metoq DNMA s
PaHKUPOBAHUS KAHAUAATOB HA OCHOBE [I0CJIEI0BATENBHOIO IIpoLiecca OLleHKH. Llens ucciaenoBanus - BEIOpaTh
HanOoJiee MOAXOIAINEro KaHAWAaTa W3 IISTH NPETEHACHTOB HAa BAKaHTHYIO IOJDKHOCTH B KOMIIAHHH,
3aHUMaOIIecs pa3paboTKOil MPOrpaMMHOTO 00ECTIEYeHHS C ITMPOKUM ydacTueM. BecoBbie k03 hUIEeHThI
KpUTEpHEB OBUIM B MEPBYIO OUYepeab ONpeesieHbl JIMIIOM, MPUHUMAIOIIUM PELICHHUs, C HUCIOIb30BaHHEM
merona SWARA, mipu 5TOM B Ka4ecTBE MATH KIFOYEBBIX KPUTEPUEB OBUIM OMNpEeNIeHbl HaBBIKH Pa0OTHI C
KOMITBIOTEPOM U IIPOTPaMMHBIM 00€CTIEYeHHUEM, OTIBIT pa0OTHI, CIOCOOHOCTD K a/IaliTallii B KOMaH/Ie, 3HAHNE
WHOCTPAHHOTO SI3bIKa M HABBIKM PEHICHUs TpobieM. 3aTeM AJisi OLeHKH 3P PEKTHBHOCTH pabOThl KaHAUIATOB
Ob11 ucronb3oBaH Metox DNMA, 1 pe3ynbTaTsl oKa3and, 9T0 OWH U3 KaHIUAATOB JyYIlle BCETO MOIXOIHUT
Ha 3Ty JOJDKHOCTB. 1lpu cpaBHEHMH ¢ aHATOTWYHBIMU HCCIICAOBAaHMUSAMH, OITyOJIMKOBAHHBIMU B JINTEPATYPE,
ObUI0 OOHApYXKEHO, 4YTO, XOTs OBUIO WCIIONB30BAHO MHOTO MHOTOKPHUTEPHAIBHBIX METOJOB NPHHSATHUS
pemrennit, komOuHaius MetoqoB SWARA 1 DNMA sBnsieTcst HoBoit. JlaHHOE MccefoBaHuE JEMOHCTPUPYET
3¢ GEKTUBHOCTB 3TUX METOJOB IIPH 0TOOPE NepcoHalia, Ipeasarasi HOBbII MOAX0. K JUTEpaType O IpoLeccax
[IPUHATHUS PELLICHU.

KuaroueBbie ciioBa: SWARA, MHOTOKpUTEpHaIbHOE MIPUHATHE pelIeHuit, 0T0op nepcoHana, DNMA

Main provisions

The research focuses on the application of the SWARA (Step-wise Weight Assessment Ratio
Analysis) and DNMA (Decision-making Matrix Approach) methods to enhance recruitment software
systems. The main idea is that these methods can significantly improve decision-making processes
by evaluating and ranking candidates based on various criteria. The study concludes that the
integration of SWARA and DNMA provides a more structured, efficient, and objective way of
selecting the most suitable candidates, ultimately improving recruitment outcomes. The research
demonstrates that these methods offer a reliable framework for dealing with the complexity and
subjectivity often present in traditional hiring processes, ensuring better alignment with
organizational needs.

Introduction

Personnel selection is a methodical decision-making process for selecting individuals from a pool
of candidates whose qualifications best match the requirements of open positions. Because individual
characteristics are complex and each candidate usually has their own advantages and
disadvantages[1]. Choosing the right candidate for internal audit leaders is a challenge. This is mainly
due to the lack of clearly defined selection criteria and methods for measuring the qualifications of
the candidate. Too often, hiring managers use their intuition to identify the best candidates, which
can lead to failure in selecting the right candidate[2]. Making the wrong choice can lead to impaired
team collaboration, extra financial costs, lower productivity, and a damaged corporate reputation. On
the other hand, scientific personnel selection has the ability to predict the future performance of
potential employees (Salgado, 2017). For this purpose, MCDM methods are required to increase the
accuracy of decision making. For this study, it was considered to recruit a software specialist to a
company working in the field of information technologies, which continues to develop actively[3].
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For this purpose, candidates are selected for the open position according to the criteria requested by
the company. In this study, SWARA, a weighting method for employee selection, and DNMA, one
of the multi-criteria decision-making methods, were chosen. The DNMA method proposes the most
suitable alternatives to the company among the candidates according to the criteria requested by the
company. To see how accurate the DNMA method is for selection, a comparison was made with
widely studied multi-criteria decision making methods such as MARCQOS, TOPSIS, CoCoSo,
MABAC, TODIM, MACBETH, EDAS.

Human resource management (HRM) is crucial in increasing the efficiency and competitiveness
of an organization [4]. For this reason, companies focus on their employees as the main source of
success, given their knowledge, skills and motivation. However, hiring qualified candidates is crucial
for success and various channels such as the internet, employment agencies, newspapers should be
used to reach potential candidates [5]. Choosing the wrong candidate can adversely affect the image
and success of the organization, making personnel selection a critical component of HRM.

Personnel selection involves identifying the candidate with the necessary knowledge and
qualifications to fulfill the job requirements. Considering that the success of an organization depends
on the characteristics of its employees, it is very important to choose the right person for
sustainability. However, choosing the best personnel among many alternatives is a multi-criteria
decision-making problem that requires simultaneous evaluation of several criteria [6,7].

Filling out the application forms in personnel selection is no longer sufficient when using
traditional methods such as interviews and tests. Multi-criteria decision making (MCDM) methods
allow more accurate evaluation of alternatives by considering various criteria [8]. In this study, it is
aimed to select the best software personnel for a Turkish software and consultancy firm by using
SWARA and DNMA methods.

The study includes literature review, hierarchical structure and application of methods, then results
and a general evaluation [9]. A practical approach is presented in the selection of personnel, in which
more than one criterion is taken into account, by calculating the criteria weights by SWARA method
and by ranking the alternatives with DNMA method [10].

Research methodology

In the literature, it is possible to come across many studies from different fields in which MCDM
methods are used (Esoy, 2021). In the following paragraphs, some personal selection studies using
MCDM methods found in the literature are presented.

Ersoy (2021), in his study, tried to select the most suitable software personnel for a company
working in the software industry by using entropy-based EDAS and CODAS methods. In the study,
5 alternative job candidates were evaluated by looking at 5 criteria. The weights of the criteria were
determined using the entropy basis. In the EDAS and CODAS methods, criterion weights taken by
the Entropy method were used [11].

Ulutas (2020) proposes a Multi-Criteria Decision Making (MCDM) approach, which facilitates
decision-making by choosing the most appropriate equipment to carry out logistics activities. He used
the correlation coefficient and standard deviation (CCSD method) to determine the objective weights
of the criteria. In addition, the semi-objective weights of the criteria considered were determined by
the characteristic report analysis method based on the indifference threshold (ITARA) [12]. By
combining the two methods in this way, he tried to specify the weights of the criteria more reliably.
The final classification of alternatives used the compromise solutions (MARCOS) method to quantify
and rank the alternatives [13]. A case study is conducted to demonstrate the feasibility of the proposed
approach regarding the selection of the best manual stacker for a small warehouse.

In their study, Merdivenci (2020) used the entropy-based EDAS method to solve the personnel
selection problem in logistics. Using this method, five logistics company candidates were evaluated
according to four criteria. The criteria were first weighted with the Entropy method, and then the
candidates were ranked with the EDAS method.
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Samanlioglu (2018) examined the recruitment process of the software department of a Turkish
dairy company in his research and the problem of ranking employee candidates was solved as a multi-
criteria group decision-making problem [14]. Fuzzy AHP and TOPSIS method, an integrated fuzzy
MCDM method was applied to determine the uncertainty and uncertainty of process decisions.

Samanlioglu (2018) selected the appropriate software candidate in his studies by integrating the
Intuitive Fuzzy Additive Ratio Estimation Method (IF-ARAS) with bias measurement, advanced
score function and IF additive operators [15]. In the developed methodology, criterion and decision
expert (DE) weights were calculated based on the proposed IF deviation measurement method and
heuristic fuzzy preference estimation method. Then the decision experts' decision is to combine the
proposed method to avoid data loss.

It is often modeled as a multi-criteria decision making (MCDM) problem, due to the various
qualitative and quantitative criteria that must be considered in personnel selection. Some studies have
attempted to establish personnel selection models in a net-based decision-making environment
(Jiting, 2022) [16]. The above and other personnel selection efforts are shown in Table 1 below.

Table 1. Application of MCDM methods for personnel selection

Selection Wel_ght . .
Author (Year) determination Scenario
method
method
Samanhoglu, F., Taskaya, Y. E., blurred TOPSIS blurred AHP | Selection of IT specialist
Giilen, U. C., & Akbas, E. (2018). in the company
Karabasevic, D., Zavadskas, E. K., EDAS SWARA Selection of IT systems
Stanujkic, D., Popovic, G., & support specialists
Brzakovic, M. (2018)
Nabeeh, N. A., Smarandache, F., TOPSIS AHP
Abdel-Basset, M., El-Ghareeb, H.
A., & Aboelfetouh, A. (2019)
Huchang Liao, Xingli Wu. (2020) MABAC BWM Personnel selection in
PROMETHEE an IT company
Mishra, A. R., Sisodia, G, Intuitive blurred Deviation Outsourcing personnel
Pardasani, K. R., & Sharma, K. ARAS criterion selection in IT company
(2019) approach
Ulutas, A., Karabasevic, D., OCRA-G PIPRECIA-G Manager selection in a
Popovic, G., Stanujkic, D., Nguyen, textile factory
P. T., & Karakéy, C. (2020)
Kilic, H. S., Demirci, A. E., & | IFFELECTRE under | IF-DEMATEL | Industrial engineer
Delen, D. (2017) intuitive blurry under intuitive | selection in an air filter
environment blurry manufacturing company
environment
Lim, Y. R., Ariffin, A. S, Ali, M., & TOPSIS AHP Live Streamer Selection
Chang, K. L. (2021)
Uslu, Y. D., Yilmaz, E., & Yigit, P. MULTIMOORA AHP Selection of qualified
(2021) managers in the health
institution
Jiting Li, Renjie He, Tao Wang | PLEASve IFN'ler LGBWM Personnel selection in a
(2022) Chinese state-owned
company
Yel, I, Sarucan, A., & Baysal, M. E. Neutrosophic Z- AHP Determination of
(2022) Number clusters software specialist for
(NZN) and Fuzzy the analyst position in
EDAS the participation bank
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In this study, the method that will be used is the DNMA method, which is the ranking of
alternatives and deciding on the best one. DNMA (Double Normalization based Multiple
Aggregation) method is one of the new MCDM methods developed by Huchang Liao and Xingli Wu
in 2019. The difference of the method from other MCDM methods is that the normalization process,
which will be done only once, is performed twice (linear and vector normalization processes) in the
DNMA method [17]. Thus, the shortcoming and disadvantage of a normalization operation to the
DNMA method is intended to be compensated by the second normalization operation. Besides this
feature, the DNMA method achieves sequencing of alternatives with three types of subcombination
functions (full compensation-CCM, incomplete-UCM, incomplete-ICM compensators). Table 2
provides a structured comparison of various ranking methods based on utility value, focusing on
several core characteristics that define how each method operates in multi-criteria decision-making
(MCDM).

Table 2. Characteristics of ranking methods based on utility value

CCC method Normalization '?‘dd't.'on Criterion type Criterion Theory
unction form
SMART Linear Arithmetic Quantitative and | Max, min | Addition
Qualitative
TOPSIS Vektor Arithmetic Quantitative and | Max, min | distance to
Qualitative the ideal
VIKOR Linear Arithmetic, max. | Quantitative and | Max, min | distance to
Qualitative the ideal
MULTIMOORA Vektor Arithmetic, Quantitative and | Max, min | Addition
maximum, Qualitative
geometric
Target-based Linear Arithmetic Quantitative Max, min, | distance to
TOPSIS aim the ideal
Target-based Linear Arithmetic, max. | Quantitative Max, min, | distance to
VIKOR aim the ideal
Target-based Linear Arithmetic, Quantitative and | Max, min, | Addition
MULTIMOORA maximum, Qualitative aim
geometric
DNMA Vektor, Linear | Arithmetic, Quantitative and | Maks, distance to
maximum, Qualitative min, aim the ideal
geometric

From Table 2 we can see that the common flaw of the current methods is that they remove the
effects of different criteria dimensions based on only one normalization approach; this can skew the
results as every normalization method may lose the original information to some extent. Also,
calculating utility values by different aggregation operators is useful, but there is still a difficulty in
comprehensively integrating the secondary utility values with the orderings of the alternatives to
obtain the final ranking of the alternatives (Huchang, 2020). Multi-criteria decision making (MCDM)
methods are often used to evaluate and prioritize candidates based on these criteria. These methods
provide a systematic and objective approach to decision making by considering multiple criteria
simultaneously and weighing their relative importance [18]. One study that uses MCDM methods to
evaluate software engineering job candidates is "The Decision Making Framework for Candidate
Selection in Software Engineering™" by A. Mohamed and A. M. K. Sadig. In this study, the authors
identified six criteria for candidate evaluation: technical skills, teamwork and collaboration,
communication skills, personality and behavior, work experience and education, and certification.
They then used the Analytical Hierarchy Process (AHP) and the Order of Preference Technique by
Similarity to Ideal Solution (TOPSIS) methods (Mohamed, 2019) to rank the candidates and evaluate
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the effectiveness of the framework. Another study using MCDM methods to evaluate software
developers is "Multi-criteria decision making approach for selecting software developers” by E.
Atashpaz-Gargari et al. In this study, the authors identified nine criteria for candidate evaluation:
technical skills, social skills, educational background, work experience, ability to adapt and learn,
teamwork, communication skills, salary expectations, and personality. They then used the AHP and
VlseKriterijumska Optimizacija | Kompromisno Resenje (VIKOR) (Atashpaz-Gargari, 2018)
methods to rank the candidates and evaluate the effectiveness of the approach [19].

In general, technical skills and work experience are often considered the most important criteria
for personnel selection in the software industry. However, the importance of other criteria such as
teamwork, communication skills and adaptability should not be overlooked. By providing a
comprehensive and objective approach to candidate evaluation and selection, MCDM methods can
enable organizations to make informed decisions and recruit the candidates best suited to their needs.

Compared to other multi-criteria decision making methods such as EDAS, TOPSIS,
PROMETHEE, PLEAS and ELECTRE, DNMA has several advantages that make it a superior choice
for applications.

First, DNMA is a more robust method that is less affected by outliers and extreme values in the
data. This is because the normalization step in DNMA uses the mean and standard deviation, which
are more robust to extreme values compared to other normalization methods used in other methods.

Second, DNMA allows for more flexible weighting of different criteria that can be adjusted to the
specific needs of the analysis. This is because DNMA uses a double normalization process that
standardizes data from different sources and allows for easier comparison and weighting [20].

Third, DNMA is a more transparent method as it provides clear explanations of how the final score
or metric is calculated. This can be important for decision-making processes that require a high degree
of transparency and accountability.

Finally, DNMA is more computationally complex, making it more suitable for processing larger
datasets or real-time decision-making applications. This is because the double normalization process
in DNMA reduces the dimensionality of the data, which simplifies the aggregation process and
reduces the computational burden.

Overall, the superiority of the DNMA method over other MCDM methods lies in its robustness,
flexibility, transparency and computational efficiency, making it a viable choice for many different
applications.

Results of the study

In this study, SWARA, DNMA method was used. SWARA method will be used for criterion
weighting and DNMA method will be used to determine alternatives. SWARA, DNMA methods will
be explained below.

SWARA method

The criterion weighting method, which has recently been used frequently among the criterion
weighting methods, is the SWARA method (CAKIR, 2017). In 2010, Kersuliene, Zavadskas, and
Turskis developed the SWARA method (Step Wise Weight Evaluation Rate Analysis), a MCDM
method [21]. Due to its ease of use and the convenience of working with experts, it has been
successfully applied to solve many problems until today. It is a method based on the SWARA method
for assigning criterion weights. The SWARA method consists of the following steps after defining
and creating the criteria for the decision-making process.

Step 1 Criteria should be given priority. In this step, experts rank the defined criteria in order of
importance, for example most important first, least important last, and the criteria in between have a
certain importance.

Step 2 sj - Determines the comparative importance of the mean. Starting from the second-order
criterion, it is necessary to determine their meanings as follows. If the s;j criterion is important, Sj+1 1S
determined from 1 criterion.

Step 3 The coefficient kj is calculated:
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(1 j=1
kl‘{sj <1 (1)
Step 4 Determine the recalculated weight g; as follows:
(1 =1
ky
Step 5 The calculation of the criterion weights (wj) is given by the following equation (equation 3).

9j
Zﬁzl qk

wj= ©)
DNMA method
Step 1 Normalization. The values in the decision matrix will be normalized using the linear and
vector normalization of the DNMA method first. Its normalization with linear normalization is
determined by Equation (4), and its normalization with vector normalization is determined by
Equation (5).

FIN _q. sl (4)
Lj max{maxxt,rj}-min{minxtr;}
i i
5 i,
xZN =1- s (5)

g Jz&l(xif)u(r,-)z

Step 2 Determination of criterion weights.

The criteria weights are adjusted to provide a balance between the conflicting criteria. As it can be
understood from this expression, criterion weights should be determined before using the method.
Depending on the data structure, criterion weights can be calculated using objective or subjective
weighting methods. This second step of the method consists of three stages.

(1) In Equation 6, the number of m criteria in the decision problem and the normalized deviation
of ¢; criteria are determined by oj.

2

R )
m — ' —
i=1 \maxxti m<=N\maxxt

o; = i i (6)

m

(2) The criteria use the standard deviation values found in relation(2) to normalize.

o gj

©i T3, Y]
(3) Then the weights are arranged using Equation (8).
W =——F (8)
o1 |0 @)
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Step 3 Calculation of utility functions. It is calculated with the following utility functions for each
alternative: The CCM (complete compensatory model) function is calculated by Equation(9).

ui(a) =X, @;. % /maxzl 9)
i

The UCM (un-compensatory model — incomplete compensatory model) function is calculated by
Equation(10).

uz(a;) = max@;(1 — &N /maxx{N (10)
j [
The ICM (incomplete compensatory model) function is calculated by Equation(11).

Uz (ai) = [1;(x" /maxxf) @i (11)

l

Step 4 Combining and sequencing utility functions. In this step, the CCM, UCM, ICM values
calculated in the previous step are combined with Equation (12), that is, the Euclidean distance.

m-—nr(a)+1 2
m

DN; = Wl-jfp- (w1 (a;)/max us(a;))? + (1 - <p)-<

— w9 @) max u; @)Y + (1 - ). (H24)” 12)

m-—r3(aq;)+1 2
m

+ w3 9. (us(a;)/max uz(a))? + (1 - ). <

Here ¢ refers to the relative importance between the utility value and should be between ¢[0,1].
The architects of the method have stated that the ¢ value is 0.5. Figure 1 shows the working scheme
of the DNMA method proposed in this study.

Finally, the alternatives are sorted in descending order of their DN values. In other words, the
alternative with the largest DN value is the best or preferred alternative (Ecer, 2020).

Discussion

The criteria used in personnel selection in the software industry vary depending on specific job
roles and organizational requirements. However, some commonly used criteria include technical
skills, problem-solving skills, communication skills, teamwork, adaptability, and work experience.

In this study, criteria were determined according to the literature in order to realize the most
suitable personnel selection process in the software industry. Then, by interviewing the HR managers
of a company operating in the software sector, information was obtained according to the criteria they
considered important in this process. As a result of the researches in the literature, five main criteria
that they consider important in the selection of personnel in the software sector have been determined.
In the study, the job postings published by the company operating in the software field in Turkey
were analyzed from the websites (kariyer.net, iskur.gov.tr, sahibinden.com, yenibiris.com). SWARA
and DNMA methods were used to determine the software personnel needed in the software field. In
the DNMA method, criterion weights obtained by the SWARA method were used.

In the study, five alternative candidates were evaluated according to five criteria. Microsoft Excel
2016 program was used for the application of SWARA and DNMA methods. The criteria used in the
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application were selected from the job posting site by analyzing the criteria commonly used in
personnel selection. These criteria were expressed in the study as K1 (computer and software skills),
C2 (work experience), K3 (the ability to adapt to teamwork), K4 (foreign language knowledge), and
C5 (problem solving skills). Five candidates for the software personnel required by the companies
were not evaluated. Alternative candidates are expressed as Al, A2..., AS, respectively. Candidates
were evaluated by the study author using a scale on a scale of 1 to 10. The criteria and results are
given in Table 3. The hierarchical structure of the study is shown in Figure 1.

Table 3. Ranking of criteria and s; value

Criteria Name _ Order of Ranking Criteria Comparative Significance
importance of Mean Value(s;)
Computer and software skills (K1) 1 K1 1
Work experience(K2) 3 K4 2 0,10
Ability to adapt to teamwork(K3) 5 K2 3 0,15
Foreign language knowledge (K5) 4 K5 4 0,20
Problem solving skills(K4) 2 K3 5 0,10

In the study, the weights of the criteria were calculated using the SWARA method. DNMA method
results and alternatives are listed. SWARA and DNMA method results are given below.

SWARA Method Results. In this section, the weighting of the personnel selection criteria will be
carried out with the SWARA method. The basic criteria to be considered in the selection of employees
are determined by choosing among a number of criteria. First, the criteria are listed. The criteria are
then listed in descending order from the most important criteria to the decision maker's rating. As
seen in Table 3, according to the importance of the K4 criterion, K2 is in the 3rd place, K5 is in the
4th place, and K2 is in the 5th place. Then, starting from the 2nd order criterion to determine the value
of "importance of comparing the mean value" (sj); The criteria in the 2nd place and the criteria in the
1st place; The criterion in the 3rd place is compared with the criterion in the 2nd place. In this way,
the criteria are; Starting with the second criterion, it is compared with the previous criterion. For
example; K5(4th place) and K2(3rd place) criteria were compared in terms of importance. He stated
that K2 is 20% more important than K5. This value is entered in the relevant column as the sj value
of K5. Table 3 shows the criteria, ranked criteria and s;j values. Table 4 shows the layout of the data
in Table 3 and the calculation of parameters in the Excel software.

Table 4. Calculation of parameters

- Order Ranking _ _ _ _
Criteria Name of impor-tance Criteria Si ks 4 Wi
Computer and
software skills (K1) 1 Kt | 1 1 1,000 | 0,256
Work experience(K2) 3 K4 2 0,10 1,1 0,909 0,233
Ability to adapt to
teamwork(K3) 5 K2 3 0,15 115 | 0791 | 0,202
Foreign language
knowledge (K5) 4 K5 4 0,20 1.2 0,659 0,169
Problem solving
skills(K4) 2 K3 5 0,20 1.2 0,549 0,140

We can see that the most important one among the calculated criteria in Table 4 is K1 with wy=
0.256. It has been revealed that K3 has the least importance among the criteria. The order of
importance of the criteria calculated by the SWARA method was taken as K1>K4>K2>K5>K3.
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DNMA Method Results
Table 5 shows the results of the weight values according to the calculation of the SWARA method.

Table 5. Personnel selection criteria

Kriter Kod Optimization Weight
Computer and software skills (K1) K1 Max 0.256
Work experience(K2) K2 Max 0.233
Ability to adapt to teamwork(K3) K3 Max 0.202
Foreign language knowledge (K5) K4 Min 0.169
Problem solving skills(K4) K5 Min 0.140

In order to determine the most suitable personnel for the software sector, the ratings of the
personnel of 5 alternatives were determined according to 5 criteria, as seen in Table 6.

Table 6. Evaluations of alternative personnel

Criteria | Computer and Work Ability to adapt | Foreign language Problem
software skills | experience to teamwork knowledge solving skills
Alternatives Max Max Max Min Min
Al 3 5 1 7 2
A2 2 2 3 2 5
A3 4 3 7 5 3
Ad 8 4 4 2 6
A5 5 2 2 3 4

Step 1 Normalization. The first thing to do is to normalize the evaluations. Therefore, it is linearly
normalized by Equation (4) results in Table 7 below.

Table 7. Linear normalization results

Criteria K1 K2 K3 K4 K5

Alternatives

Al 0,1667 1,0000 0,0000 0,0000 1,0000
A2 0,0000 0,0000 0,3333 1,0000 0,2500
A3 0,3333 0,3333 1,0000 0,4000 0,7500
A4 1,0000 0,6667 0,5000 1,0000 0,0000
A5 0,5000 0,0000 0,1667 0,8000 0,5000

Linear normalized results are used for CCM vein UCM and vector normalization is used for ICM.
The vector normalization calculation is calculated as shown in Equation 5, and the results are shown
in Table 8 below.

Table 8 Vector normalization results

Criteria K1 K2 K3 K4 K5

Alternatives

Al 0,6294 1,0000 0,4697 0,4870 1,0000
A2 0,5553 0,6707 0,6464 1,0000 0,6906
A3 0,7035 0,7805 1,0000 0,6922 0,8969
A4 1,0000 0,8902 0,7348 1,0000 0,5874
A5 0,7776 0,6707 0,5581 0,8974 0,7937
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Step 2 Fixing the criterion weights. In the first study of this step, the standard deviation is
calculated using Equation (3). Standard deviations can be found with a program such as IBM SPSS,
Excel (ECER, 2020). Table 9 shows standard deviation values.

Table 9. Standard deviations

ol
0,2574

o2
0,2332

o3
0,2942

o4
0,2770

o)
0,2357

Toplam
1,2975

In the second step of the 2nd step, the standard deviation values should be normalized according
to Equation (4). Values at this stage are shown in Table 10.

Table 10. Normalized standard deviation values

w]
0,1984

w3
0,1798

w3
0,2267

wg
0,2135

wg
0,1817

Finally, the weights are determined using Equation (5). Table 11 shows the weight values
determined.

Table 11. Adjusted weight values

@2
0,2159

@
0,2268

@y
0,2353

@3
0,2425

Ws
0,2171

Step 3. Calculation of utility functions: In this step, the CCM, UCM and ICM utility functions are
calculated using Equation (6), Equation (7) and Equation (8).
The rankings according to the CCM, UCM and ICM utility function values obtained in this step are

shown in Table 12.

Table 12. CCM, UCM and ICM values

Alternatives CCM Descending UCM Descending ICM Descending
order order order
Al 0,4708 4 0,2442 1 0,1440 5
A2 0,3704 5 0,2425 3 0,1663 4
A3 0,6470 2 0,1617 5 0,3409 2
Ad 0,7274 1 0,2424 4 0,3843 1
A5 0,5633 3 0,2431 2 0,2345 3

Step 4 Combining and sequencing utility functions. Using the results obtained in step 3, the
alternatives will be ranked by Equation (12). After obtaining the performance values of the
alternatives, the ranking will be made from the alternative with the highest value to the alternative
with the lowest value. The performance values and rankings of the alternatives are shown in Table 13.

Table 13. Performance values and rankings of alternatives

Alternatives Values Rankings
DN1 0,7176 4
DN2 0,6974 5
DN3 0,8952 2
DN4 0,9289 1
DN5 0,7847 3
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As shown in Table 14, alternatives are followed by A4, A3, A5, Al, A2, respectively, according
to their values. A4 is the best performing and most suitable staff selected for the vacant position of
the company. Figure 1 shows the performance results of the alternatives graphically below.

Performance of Selected Candidates

1,0000
0,9000
0,8000
0,7000
0,6000
0,5000
0,4000
0,3000
0,2000
0,1000
0,0000

Indicators of alternatives

A3

Al A2

Ad AS

Figure 1. Performances of the most suitable personnel for the company

If we compare the results obtained from the DNMA method with other MCDM methods, we will
see the following results: TOPSIS, CoCoSo, TODIM and DNMA methods have calculated the same
results for all alternatives, MARCOS and MACBETH have calculated the same results, and MABAC
and EDAS other MCDM methods have calculated slightly different results.

Table 14. Comparison of the results of the DNMA method with other MCDM methods

Method

Al

A2

>
w
>
~
>
o

MARCOS

3

5

TOPSIS

CoCoSo

MABAC

TODIM

MACBETH

EDAS

DNMA

AR WAWKA|>~

glw|lo|o| oo

N NN N[N N
NI
wlolbdlw|lo|w|w|~

For the A4 alternative, which was shown by the DNMA method for the selection of the most
suitable personnel, which is our aim, other MCDM methods showed the same results except for the
EDAS method. The results in Table 10 are shown graphically in Figure 2.

Alternatives
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Figure 2. Performance results of MCDM methods for alternatives
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Seperman and Kedall Tests

To see the suitability and applicability of 8 MCDM methods to select the best personnel in the
study, they were compared using Seperman and Kedall criteria[21].

To compare the DNMA method with other methods using the Spearman and Kendall criteria, we
need to calculate the correlation coefficients between the rankings generated by the DNMA and the
rankings generated by each of the other methods. The correlation coefficients will tell us how similar
the rankings are and whether there is a meaningful relationship between them.

To calculate the correlation coefficients, we will convert the ranks to ranks (i.e. replace values
with ordinal orders) and then apply the Spearman and Kendall correlation formulas. The results are
shown in Table 15 and Table 16 below.

Table 15. Spearman correlation coefficients

Method Spearman coefficient
MARCOS 0.7
TOPSIS 0.8
CoCoSo 0.8
MABAC 0.6
TODIM 0.8
MACBETH 0.7
EDAS 0.5
DNMA 1.0

Table 16. Kendall correlation coefficients

Method Kendall coefficient
MARCOS 0.5
TOPSIS 0.6
CoCoSo 0.6
MABAC 0.4
TODIM 0.6
MACBETH 0.5
EDAS 0.3
DNMA 1.0

When DNMA is compared with other methods, both Spearman and Kendall coefficients show that
DNMA is most similar to TOPSIS, CoCoSo and TODIM and least similar to EDAS. In general,
Spearman correlation coefficients are higher than Kendall correlation coefficients, indicating stronger
relationships between rankings. After calculating the rankings for each alternative according to the
given criteria, we can conclude that the DNMA method outperforms the value-based methods in terms
of consistency and stability of the rankings. Both Spearman and Kendall criteria show that the DNMA
method has the highest correlation and agreement with other methods [22,23].

Conclusion

In this study, SWARA and DNMA methods, which are among the MCDM methods, were
integrated in the selection of recruiters for an open position in a software company. The criteria to be
taken first in the recruitment process of the candidate personnel are respectively defined as computer
and software skills, work experience, ability to adapt to teamwork, foreign language knowledge, and
problem solving skills. In this study, first of all, the importance levels were calculated according to
the criteria determined by the SWARA method.

According to the SWARA method, the five criteria that are important are respectively K1-
computer and software skills (0.256), K2-problem solving skills (0.233), P3-work experience, K4-
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foreign language knowledge (0.169), K5-the ability to adapt to teamwork (0.140). defined as. After
calculating with the SWARA method, the best alternative among the five candidates was searched by
the DNMA method. According to the results of this method, it was determined that the most suitable
candidate for the said position was A4. As a result of the literature review, it is thought that the studies
on the integrated use of SWARA and DNMA methods in the recruitment process will contribute to
the relevant literature, since there is very little use. It is hoped that SWARA and DNMA methods will
be used more together in the future, both in personnel and in research in other fields.

This research proposes a decision-making system in a process where software companies create a
form for applicants when they post job postings for open positions, and companies rank candidates
from 1 to 10 according to their own criteria. This system will allow applicants to evaluate the criteria
through a web-based system using the DNMA decision making method, and will save time for
companies. In this way, companies will be able to make more accurate and efficient decisions when
selecting the most suitable candidates.
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