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Abstract: STEKOM 15 an instituion accomedating almost 500 employees, always evalutes their performance
and gives award to theme every year’s end. Fuzzy logic 1s very suitable to be used in performance appraisal
because it can process complex and variatif data as well as uncertain to be valid data. One of the models in fuzzy
logic 18 the consistency induced ordered weighted averaging method system by reducing the operator

averaging mean and assigning a consistency mdex value used to analyze fuzzy preference relationships, then

using the results of the analysis in the preference aggregation process. This study will explam how to apply
the consistency induced ordered weighted averaging model in fuzzy logic to assess the performance of
STEKOM employees by assigning weight to each attribute and variable, then from the weights and variables
will be rated according to the value obtained, so that, the decision will be taken as a solution n giving awards
and promotions to employees that can meet the principles of faimess, equality and approriateness.
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INTRODUCTION

Performance assessment is one of the decision
making processes undertaken by corporate leaders by
considering several criteria with a view to rewarding the
employee’s work (Palm, 2008). The decision-making
process in the assessment is done by considering several
alternative solutions that will be the final decision result,
the assessment alternatives can be the final value of the
employee along with the rank order or the final result of
the rules and assessment guidelines that can be used to
assess employee performance results (Pfaff ef al., 2013).
The problems that arise are multi attribute data and the
existence of uncertain data and will be used in the
assessment of the performance of the work which can
affect in decision making. To overcome this problem it can
use fuzzy multi attribute descision making concept and
here in after referred to as FMADM which is part of fuzzy
logic (Karami and Johannson, 2014), this is caused by the
concept of FMADM in fuzzy logic which has tolerance to
data that 1s not exact or uncertain. The decision-making
process can be done in a more flexible framework and one
of them i3 directed to the ability to simulate a
decision-making process with a vague consistency
(Anamisa ef al., 2016).

In giving awards or promotion positions, STEKOM
as an institution that accommodates nearly 500 employees

during this performance appraisal by manual process. The
error of assigmng a value to an attribute and error n the
calculation manually can happen, thus, affecting the
determination of the final decision result. The consistency
induced ordered weighted averaging model heremafter
referred to as CIOWA in fuzzy logic or FMADM can be a
solution to solve errors the CIOWA in FMADM will give
weight to each attribute used to measure employee
performance based on predetermined criteria (Chern, 2010).
If each decision maker has the same degree and degree of
importance, the CIOWA operator will be reduced to the
averaging mean operator. Each decision maker will be
given the authority to have a consistency index value
obtained by analyzing the fuzzy preferences relation then
using the results of the analysis on the preference
aggregation process (2{u et al., 2010) the decision making
process can be as (Fig. 1).

Many criteria are considered in the assessment of
employee performance in STEKOM, ranging from the
quality and quantity of work, knowledge of the type of
work, responsibilities n work, cooperation between
employees m one department and one another,
networking initiative and innovation, discipline of work
integrity up to concern for safety and work safety. Each
of the criteria will be assigned a value based on the
specified weight, from the weighting and the value will be
found some alternative solutions for the employee’s
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Fig. 1: Decision making process

performance appraisal. Some of these alternative
solutions will be ranked based on the lighest value
through the FMADM process by using the CIOWA
Model, so that, a best solution will be found from
several emerging solution alternatives. From  thus
solution decision makers or leaders STEKOM will
the tailored to the
performance appraisal as well as promotion of office

determine rewards that are

to employees.
MATERIALS AND METHODS

The  research and  development  method
(Mufadhol et alf, 2017a-e) becomes an option in
developing this employee performance appraisal system
as it involves directing several leaders from different

departments as decision makers.

Fuzzy logic: The basis of fuzzy logic is the fuzzy set
theory. In fuzzy set theory, the role of membership
the
characteristic of reasoning m fuzzy logic. Fuzzy logic 1s
one of the components of soft computing (Pokoradi,
2010).

degree or membership function is main

Variable fuzzy: In this research, fuzzy variable that will be
used in employee performance appraisal system 1s
employees.
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Fig. 2: Fuzzy set of employee variables

Fuzzy set: In the crisp set in fuzzy logic, the value of the
membership of an item x 1n a set A and often written with
the term pA[x] can be determined using the formula
(Trillas et al., 2009):

El

x<a

Mx]

XA,
E,a <x<b
I x>b

Thus, the variable employees in the fuzzy set has 5
values, namely: less once, less, enough, good and
excellents shown in Fig. 2.

The universe of discourse: The umverse of speech 1s the
total value that 1s allowed to be operated in a fuzzy
variable. The universe of conversation is the set of real
numbers that will always rise and increase monotonically
from left to right. The umverse of speech can be either
positive or negative. There are times when the value of
this universe of speech has no limit (Shenify and
Mazarbhuiya, 201 5). Universe talks for employee variables
(0-50).

Domain: The fuzzy set domain is the whole value
permitted in the universe of speech and can be operated
mna fuzzy set (Othman et al, 2008) fuzzy set domain
used in this system is: very less = [0-15], less = [5-25],
enough = [15-35], good = [25-45] and very good = [35-50]
as in Fig. 2.

Fuzzy multi attribute decision making: Fuzzy multi
attribute descision making which i short with the term
FMADM 15 a combination of fuzzy logic and multi atibute
decision making (Li, 2005). Fuzzy in multi attribute
decision making is used to treat the attributes of an
alternative that can not be presented completely and
contamns an element of uncertainty or inconsistency. In
general, FMADM has a goal that can be classified into
two types, firstly selecting alternatives with attributes that
have the best and second characteristics will classify an
alternative based on a specific role (Wang et al., 2017).
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FMADM resolves the problem by performing
rankings, after the process of converting fuzzy data to
crisp data. If fuzzy 1s given data in lingwstic form, then
data must first be converted to fuzzy form then converted

again crisp number (Deni et al., 2013).

Consistency induced ordered weighted averaging model:
Consistency mduced ordered weighted averaging model
called CIOWA 15 problem solving if every decision maker
that has the same degree of importance and is often
referred to as homogeneous GDM. In such circumstances,
the T-TOWA operator will be directed into an Averaging
Mean (AM) operator. Each decision maker has a
consistency index value obtained by analyzing the fuzzy
preferences relation they provide, then using the result of
that analysis on the preference aggregation process. The
consistency problem is defined as a transitive additive,
using the transitive additive characteristic can be
established a consistent fuzzy relation relationship of the
fuzzy preference relation i1s mconsistent (Dudziak and
Pkala, 2011), using the formula:

F;
P, +P

1+ 1+11+22
1P,

i+ ..
o B 1isit1

y

Reliable fuzzy preference relationships, P obtained
from®=f® distance between P* and P*. The distance
between can be used as a measure of matrix consistency p*
btaned from:

CI* =d(p*, P+ = fzz(aj‘-f:;j‘)z
1=11=1

When value 1-Ci* getting closer to 1 indicates that
the information provided by the decision maker to -k, €%,
more consistent.

RESULTS AND DISCUSSION

Assessment criteria and matching level: The employee
performance appraisal will be conducted by involving
many criteria, so that, the results will be obtained
optimally and fair. The criteria used based on the data
obtained from STEKOM will then be processed and will
produce data in the form of degree of compatibility of
each criterion that has been determined from each
assessor. The rankings of employee performance
appraisal results that have been ranked from the
highest to the lowest will be based on the sum of
weighted attributes that have been calculated with the
concept of Fuzzy Mult Attribute Decision Making
(FMADM) with problem solving using Consistency
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Fig. 4: Standard of the expected assessment

Induced Ordered Weighted Averaging (CTOWA) Model
(Peker et al., 2017). The criteria for assessment in the
employee performance appraisal used will be adjusted to
the STEKOM s mterests: quality of work (C1), quantity of
work (C2), knowledge of employment (C3), responsibility
(C4), cooperation (C5), network worle (C6) initiative (C7),
work discipline (CB) mntergritas (C9), concern for safety
and security (C10).

Importance rating and matching rating: The level of
importance for criterion will be determined based on the
weighted value assigned to the number and the matching
of rating on altemative (assessor) for each criterion 1s:
VeryLess (VL)=1, Less (1) = 2, Enough (E) = 3, Good (G)
=4 and Very Good (V3)=5 as in Fig. 3.

And for its importance rating to be used as the
standard of the expected assessment of each criterion is:
Very Low (VL) = 1, Low (1) = 2, Medium (M) = 3, High (H)
=4, Very High (VH) = 5. The weight value can be shown
mFig. 4.

Based on the criteria and rating of each alternative fit
(employee) on each criteria that have been determined,
then the weighting of each of the criteria that have been
converted with numbers. The criteria used m employee
performance appraisal are as follows:

Quality of work (C1): The ability to complete its work in
accordance with the quality standard that has been
determined with interest rating: Very High (VH) in the
Table 1.
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Table 1: Rating of quality match of results of work

Table 6: Rating match of networking

Quality of work Values Networking Values
Very less 1 Very less 1
Less 2 Less 2
Enough 3 Enough 3
Good 4 Good 4
Very good 5 Very good 5
Table 2: Rating match quantity of work results Table 7: Rating match of initiative

Quantity of work Values Initiative Values
Very less 1 Very less 1
Less 2 Less 2
Enough 3 Enough 3
Good 4 Good 4
Very good 5 Very good 5
Table 3: Rating of occupational knowledge match Table 8: Rating match discipline of work

Knowledge of the hasik work Values Discipline of work Values
Very less 1 Very less 1
Less 2 Less 2
Enough 3 Enough 3
Good 4 Good 4
Very good 5 Very good 5
Table 4: Rating match of resp onsibility Table 9: Rating of integrity match

Responsible Values Integrity Values
Very less 1 Very Less 1
Less 2 Less 2
Enough 3 Enough 3
Good 4 Good 4
Very good 5 Very good 5
Table 5: Rating match of cooperation Table 10: Rating of Safety and Security

Cooperation Value Safety and security Values
Very less 1 Very less 1
Less 2 Less 2
Enough 3 Enough 3
Good 4 Good 4
Very good 5 Very good 3

Quantity of work (C2): The ability to produce or complete
work according to, the given work load has an interest
rating: Very High (VH) m Table 2.

Knowledge about work (C3): The employee’s knowledge
of his duties and work, has an interest rating: Very High
(VH) in Table 3.

Responsibility (C4): The responsibility of the employee
to the task that has become his work and has an interest
rating: High (H) in Table 4.

Cooperation (C5): The ability to work collectively

with colleagues with an interest rating: High (H) m
Table 5.

Networking (C6): Ts an understanding of all organizations

related to their, respective mimstries of interest rating:
High (H) mn Table 6.

Initiative (C7): The ability to express ideas of importance
rating: High (H) in Table 7.

Discipline of work (C8): The understanding and
implementation of company regulations has an interest
rating: High (H) in Table 8.

Integrity (C9): The desire to keep the values that exist in
the company has an interest rating: High (H) in Table 9.

Caring for safety and security (C10): A concern for the
implementation of work safety while maintamning a work
culture that has become a workplace culture of rating
importance: High (H) in Table 10.

Calculation process of problem solving: The
determination and calculation of each attribute with the
concept of FMADM by using the Consistency Induced
Ordered Weighted Averaging (CIOWA) method which
will be used as a reference in making a decision 1s to find
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Table 11: Rating of matching in alternative criterion

Rating result
Altemative C1 C2 €3 ¢4 C5 C6 C7 C8 C9 Clo
Al G E E G G G E G VGG
A2 G G E E E E E G G E
A3 VG G G G G G G C G G

Table 12: Rating of interests of each criteria

Criteria Cl C2 C3 C¢4 ¢C5 C6 C7T C8 (C9 Cl0
Importance VH VH VH H H H H H H H
rating

the C, value, to determine the matching of each alternative
on each criterion, make the decision based on the criteria
(C)), then perform the matrix normalization based on the
equation which is adjusted to the type of attribute, so
that, a normalized matrix R will be obtained. The final
result 15 obtained from the ranking process that is by
summing the matrix multiplication of normalized R with the
weight vector to obtain the largest value chosen as the
best alternative (A) as the last solution (Xu, 2014).
Previously mentioned that there are several criteria that
will be used in the process of employee performance
appraisal which will be used as a reference in decision
making. Each value assigned by each alternative m each
criterion 1s a match value (the largest value 1s best), then
all given criteria are assumed to be profit criteria. So, the
equations used are:

' Sk RO ROk Skl
U_ahpnggﬁﬂ)
i=1l j=

where R; 1s the normalized performance rating of
alternative Al on attribute C;1=1,2, ., mandj=1,2,
1.

Weight and preference matches: The preferrable value
for each alternative (V)) is given as an example for the
employee performance appraisal process by employee
name Djarot and as the first Appraiser (Al) = Mufadhol,
second Appraiser (AZ2) = Siswanto and third Appraiser
(A3) = Maya. This performance appraisal will be
completed using the FMADM concept with the CTOWA
method on STEKOM and the three assessors have
assigned the following values such as Table 11.

Where the management has determined the weight of
preference (Standard Value) which is the interest rating as
follows mn Table 12.

Fuzzy preference matrix: The CIOWA Model in
FMADM requires that the matrix value of the fuzzy
preferences be consistent. A consistent matrix is required
in determiming the sum and matrix values normalized by
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the weighted vector to obtain the largest value selected as
the best alternative as a solution (Nadaban and Dzitac,
2016). Matrix formed from match table mn employee
performance appraisal as follows:

Matrix of matching table:

Pl

I
v e
= e W
oW W
e
FEN VS BN
W s
Lt
W e
= =
e

From the matrix can be done normalization matrix P! as
follows:

P =Pl =4,P, =P, =3,P, =P, =3,

Py =P} =4,Pl =P =4 B =P, =4,

Pl =P =3 B =P =4,P =P} =5,

PL=P, =4 P =P =4,D, =P, =4,
PL=P,=3 P, =P, =3P, =P, =3,
15116 = Pllﬁ =3, A117 = P117 =3, A118 = Pllx =
15119 *Pllg =4, "210 :len =3 A211 :le1 =35,
15212 = lez =4, Azl:s = le:s =4, A214 = le4 =4,
PL =P, =4 P, =P, =3P =P =3,
P, =P, =3P, =P, =4P =P =4

Thus, a consistent relation of fuzzi preferences can
be obtained through a preferential relation fuzzy P, so, it
can be searched for value P use:

B =P =4

Pl=Pl =3

~ +1-
E:E+%ll3:3805=55

. 1+1-4

P, = P,+P,+P,+ =3+3+4-1=9
Pl =Pl =4

P =P} =4

. 1+1-3

P =Pl+P,+ =3+305=55

. 1+1-8

) = P +PL P, + = 44+3+4-3 =8
P!=P! =5

15110 = Plln =10

Pl =1P =13=2

15112 = Pllz =4
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P,=P, =3

po=pap + 21 30565
PL=1P, =1-4=3

P =P, =3

PL=P. =3

poplap + 218 0555
PL =P, =4

P\, =P, =3

P, =1P =13=2

PL=1P, =13=2

PL=P,=4

P, =1P =1-4=3

PL=1P =13=2

Pl =P, =4

Pl =1P =14=3

PL=1DP =13=2

P, =P, =4

PL=P =4

Thus it can be determined P' resulting mn a

consistent new matrix.

New matrix after normalization:

43 55 9 4 4 55 8 5 4
P'=l2 4 3 65 3 3 3 55 4 3
22 4 3 2 4 3 2 4 4

From the new matrix after the normalization process
can be known value of CI* to determine the result of the
calculation, so, from the value CI* the value is obtained 1-

= {6, 5, 5, 5, 4, 3} because the value of 1-CI* getting
closer 1, then the matrix can be said to be consistent.

Final calculation of rating weight: The latter value is the
final solution of some solutions that are an alternative
choice m giving rewards and promotions to each
employee based on performance during the assessment
process. The final calculation of rating can be applied
online with internet management must be optimal
(Mufadhol et al., 201 7a-c).

From the value of w this can be seen that wl has the
greatest value, so, it can be concluded that W1 1s the first
altermative that will be chosen from several alternatives
found.

18

65
W, = =0.681
! Q[5+4+3+2}
WZ_Q{65+55}( J 2.625 0248
14 dm
W, - Q(65+55+4} [65+55}
1.142 {0.857 0038
14 14
6.5+5.5+5 1.214
W, =Q(1 =1- =0.294
QOQ( s55) [
CONCLUSION

Fuzzy logic can be used to assess employee
performance with the concept of Fuzzy Multi Attribute
Decision Making (FMADM) usmg the Consistency
Induced Ordered Weighted Averaging (CTOWA) method.
Assessment criteria are done by weighting through
interest rating system and match rating, so that a
consistent matrix 1s obtained after a normalization process
occurs on the fuzzy preference matrix. The last value
obtained is an information indicator that is very important
for the leader as a decision maker in determining the
solution to give awards and promotions. This employee
performance appraisal is not done subjectively but is
done objectively through the CTOWA method, so that,
the final solution taken can be appropriate and fair for all
employees based on work performance.

RECOMMENDATIONS

For further research, this method can be combined
using expert systems using rule based reasoning
(Mufadhol et al., 2017a-¢) and the system can be
accessed by smartphone (Wibowo e al., 2018).

ACKNOWLEDGMENTS

This research is developed by Division of Research
and Development team at Computer System Engineering
Department and in supervision by Research and
Commumnity Service Institutions, STEKOM Semarang
indonesia.

REFERENCES

Anamisa, D.R., A. Rachmad and R. Widiastutik, 2016.
Selection system of the boarding house based on
fuzzy multi attribute decision making method. T.
Theor. Appl. Inf. Technol., 92: 52-58.



Asian J. Inform. Technol, 18 (1): 13-19, 2019

Chen, B.L., 2010. Research on the method of talents
selection based on fuzzy preference relations.
Proceedings of the 2010 IEEE 17th International
Conference on Industrial Engmeering and
Engineering Management, October 29-31, 2010,
TEEE, Xiamen, China, ISBN:978-1-4244-6483-8, pp:
104-107.

Deni, W., O. Sudana and A. Sasmita, 2013. Analysis and
implementation fuzzy multi-attribute decision making
SAW method for selection of high achieving
students in faculty level Intl. J. Comput. SciIssues,
10: 674-680.

Dudziak, U. and B. Pkala, 2011. Intuitionistic fuzzy
preference relations. Proceedings of the 7th
Conference on the European Society for Fuzzy
Logic and Technology (EUSFLAT), Tuly 18-22, 2011,
Atlantis Press, Aixles Bains, France, pp: 529-536.

Karami, A. and R. Johannson, 2014. Utilization of multi
attribute decision making techmquesto integrate
automatic and manual ranking of options. J. Inf. Sci.
Eng., 30: 519-534.

Li, D.F., 2005. Multiattribute decision making models and
methods using intuttionistic fuzzy sets. J. Comput.
Syst. Sci., 70: 73-85.

Mufadhol, M., G. Aryotejo and A. Wibowo, 2017b.
Netscan and networx for management bandwidth and

traffic with simple routing. Telkommka, 15: 464-470.

Mufadhol, M., G. Aryotejo and Y. Kristiyanto, 201 7¢. Rule
based reasoning method for safety room by means of
temperature sensor and motion detector. Adv. Sci.
Lett., 23: 2481-2483.

Mufadhol, M., S. Siswanto, D.D. Susatyono and M.U.
Dewi, 2017a. The phenomenon of research and
development method in research of software
engineering. Intl. T. Artif. Intell. Res., 1: 1-5.

Nadaban, S. and 1. Dzitac, 2016. Some properties and
applications of fuzzy quasi-pseudo-metric spaces.
Inf., 27: 141-159.

19

Othman, M., K.R. Ku-Mahamud and A.A. Bakar, 2008.
Fuzzy evaluation method using fuzzy rule approach
in multicriteria analysis. Yugoslav J. Oper. Res., 18:
95-107.

Palm, T., 2008. Performance assessment and authentic
assessment: A conceptual analysis of the literature.
Pract. Assess. Res. Eval., 13: 1-11.

Peker, M., H. Guruler, B. Sen and A. Istanbullu, 2017. A
new fuzzy logic based career gumdance system: WEB-
CG8S. Technical Gazette, 24: 1863-1869.

Pfaft, M.S., G.I. Klein, J.L. Drury, S.P. Moon and L. Yikun
et al., 2013, Supporting complex decision making
through option awareness. J. Cognit. Eng. Decis.
Making, 7: 155-178.

Pokoradi, L., 2010. Application of fuzzy set theory for risk
assessment. J. KONBiIN, 14: 187-196.

Shenify, M. and F.A. Mazarbhuiya, 2015. The expected
value of a fuzzy number. Intl. T. Intell. Sci., 5: 1-5.

Trillas, E., I. Garcia-Honrado, S. Guadarrama and E.
Renedo, 2009. Crisp sets as classes of
discontimious fuzzy sets. Intl J. Approxiumate
Reasoning, 50: 1298-1305.

Wang, J., HQ. Chen, HY. Zhang, 3. H. Chen and I.Q.
Wang, 2017. Multi-criteria decision-making method
based on type-2 fuzzy sets. Filomat, 31: 431-450.

Wibowo, A., G. Aryotejo and M. Mufadhol, 2018.
Accelerated Mobile pages from Javascript as
accelerator tool for web service on E-commerce in the
E-business. Intl. J. Electr. Comput. Eng., 8: 2399-2405.

Xu, K., T. Zhou, R. Gu and H. Qin, 2010. The compound
consistency induced ordered weighted averaging
operator and its application to reservoir operation.
Proceedings of the 2010 7th International Conference
on Fuzzy Systems and Knowledge Discovery
(FSKD), August 10-12, 2010, TEEE, Yantai, China,
ISBN:978-1-4244-5931-5, pp: 1077-1081.

Xu, Z., 2014. Ranking alternatives based on mtuitionistic
preference relation. Intl. I. Inf. Technol. Decis.
Making, 13: 1259-1281.



	13-19 - Copy_Page_1
	13-19 - Copy_Page_2
	13-19 - Copy_Page_3
	13-19 - Copy_Page_4
	13-19 - Copy_Page_5
	13-19 - Copy_Page_6
	13-19 - Copy_Page_7

