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This study aims to develop a decision support system using the fuzzy method
in order to assess the quality of education and training of prospective civil
servants and highlight possible improvement considerations. The assessment
consists of six criterias, namely coaches, lecturers, preachers, mentors,
examiners, and administrators. Based on the evaluation result of the quality

level of each criterion, it is obtained that the top two criterion are examiners

and preachers, followed by coaches, lecturers, advisors, and the lowest is
Keywords: organizer. In addition, the quality of the civil servant class Il training is
better than the class Il civil servant training. It also shows that the value of

DSS . the organizers criterion has different level of satisfactions. Overall, the
Evaluation quality of the training (according to the participants' opinion) was very good
Fuzzy with a score of 92.50 for training class Il and 95.20 for training class IlI.
Training Furthermore, it is necessary to conduct research to determine the quality of

the training each year by looking at the achievements of the participants. The
system testing obtained an accuracy of 100%, whichs implies that the system
can be used to assess the quality of education and training appropriately.
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1. INTRODUCTION

Information technology has been widely applied in various fields in order to improve work
productivity or performance within the organization including in the field of education and training. One of
the government agency that provide education and training is the human resources development agency of
Southeast Sulawesi Province. The implementation of the education and training at this institution is a
program based on the government regulation number 17 of 2020 concerning the management of civil
servants [1], as well as under the guidance of the State Administration Institution which determines the
completeness of the training facilities and infrastructure through State Administration Institute regulations.
State Administration Institute regulation number 12 of 2018 article 17 states that evaluation of basic civil
servants training consists of evaluating participants, training personnel, as well as administration [2].

Concerning that the education and training for the prospective civil servant is a mandatory program,
evaluation must be conducted continuously in order to maintain its quality. The evaluation determines and
assess quality level of each evaluation aspect. The evaluation results then will be conveyed to the leaders of
the participant’s agencies as well as the head of human resources development agency to be used as a
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reference in improving the quality of the civil servants basic training program. Currently, the training
committee conducting the evaluation process by distributing paper-based questionnaire to the participants,
which are then processed using the Microsoft Excel application to find out the results of the evaluation.
However, the data processing method only presents average value of each assessment criterion. In addition,
the processing time also takes a long time due to the large amount of data. considering that human resources
development agency organizes training every year with thousand registered participants each year and
(consists of 39 to 40 people per batch per type of training), data continuously grows every year. Therefore, a
specific evaluation approach is needed to ease the evaluation process as well as to perform more
comprehensive data analyzes, and to obtain more complete information.

Previous researches on training evaluation has been conducted by developing questionnaire [3],
investigating participant perspective [4], on several aspects, namely: reaction, learning, and potential
behavior change [5], training effectiveness [6], and training facilities [7]. This research introduces a new
evaluation approach that is a decision support system to facilitate logical, rational and structured assessments
by implemented fuzzy method, which can accelerate performance and accuracy of the evaluation. The
process is carried out by forming a set on each criterion consisting of: not-satisfactory, less-satisfactory, quite
satisfying, satisfying and very satisfying. Based on the formed sets, inference is carried out by matching the
value of the set against the fuzzy rules. The rules (to obtain a decision which states that the quality of the
training) are not good, moderate, good, or very good.

A lot of studies implementing the fuzzy method for evaluation have been conducted so far, namely
fuzzy metode for evaluating the performance of cloud services in an uncertain environment [8], evaluation of
computing systems [9], evaluation and supplier selection [10], [11], evaluation workers [12], evaluation of
the performance of small and medium enterprises [13], city service performance evaluation [14], employee
performance evaluation [15], [16], evaluation of student performance [17]-[20], online learning evaluation [21],
and a course recommendation system [22]. It can be concluded that those study only used maximum two
assessment aspects/assessment indicators. While this research employs six assessment parameters of the
training quality evaluation, including coach, lecturer, preacher, mentor, examiner and organizer. Furthermore,
the fuzzy method is used in this study since it indicates a good performance in most of the previous studies.
Moreover, this study has significant similarity with those studies as well.

2. RESEARCH METHOD
2.1. Method

This research was conducted using a decision support system approach with the Fuzzy method.
A decision support system is an interactive computer-based system that is used to assist users in the right
decision-making process [23], where a computer-based system supports processing data into information for
explicit decision-making from semi-structured problems [24], meanwhile, fuzzy is a logic that can describe the
input space into output and has a sustainable value. Fuzzy logic is expressed by the degree of authenticity and
membership. Therefore all of them are false or true at the same time with a truth value ranging from 0 to 1 [25].
There are several things that are done in processing data using fuzzy, namely determining the variables and
the value of each variable. Next, form a set based on variable values by doing fuzzification in order to know
the membership value of each criteria. The formation of fuzzy sets in input and output variables is divided
into one or more fuzzy sets. To obtain membership value is done through a functional approach. The
membership function used is a triangle curve representation shown in Figure 1.

Membership
degrees

ji{x)

L J

Figure 1. Triangle curve representation

The following is the formula used to represent the membership function of the triangle curve.
Description of the formula to represent the triangular curve membership function, namely p[x] (degree of
membership of x), x (variable universe of speech), a (linguistic value 1), b (linguistic value II), and c
(linguistic value 111).
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Based on the set value formed, inference is carried out to obtain rules that match the fuzzy set value.
The inference engine has inference rules to evaluate linguistic values and map them to fuzzy sets which
require a defuzzification process to convert them into crisp values [26]. One of the FIS methods used for
decision making is the Tsukamoto method. The Tsukamoto method is an extension of menoton reasoning
where every consequence of the IF-then rule must be presented with a fuzzy set with a membership function
that counts. As a result, the inference output of each rule is crisp based on a-predicate (firestrenght). The final
results are obtained using weighted averages. To determine the crisp solution, a defuzzification formula
called the centered average method is used. The fuzzy inference system diagram is shown in Figure 2. As for
making conclusions about the evaluation of the quality of the implementation of education and training in
this study, the ordinal measurement scale published by the State Administration Institute in the socialization
module of the performance accountability system of government agencies is used [27].

Fuzzy Crisp

Detuzzy

Tnput ’m, Aggeregation——» Chutput
Rulle n
L—»| IF-THEN
Figure 2. Fuzzy inference system diagram
2.2. Dataset

The data processed in this study are obtained from questionnaires filled by the training participants
through the education and training information system application. The participants devided into two classes
civil servant class Il and civil servant class 111, where each class consists of four (4) batches. Total participants
for class Il are 158 persons, while for class Il are 155 persons. Those participants gave feedback on six
criteria, namely; coach, lecture, preacher, mentor, examiner, and organizer. Each criterion has more specific
sub-criterias as provided in the questionnaire. Number of participant’s feedbacks for each criterion in each
batch are recapitulate in Table 1, which were processed as data training in this research.

Table 1. Feedback recapitulation of civil servants class ii and class Il1 training

Class Il Class 1
. Force Total Force Total
No. Criteria ;1 1x X X1 LXI  LXI  LXI  LXIV

1 Coach 39 40 39 40 158 38 39 39 39 155
2 Lecturer 809 730 761 719 3019 720 711 697 675 2803
3 Preacher 114 117 122 114 467 105 110 114 103 432
4 Mentor 40 40 40 40 160 38 38 38 39 153
5 Examiner 50 51 47 52 200 46 M 44 46 177
6 Organizer 38 39 40 40 158 36 39 37 37 149

Number of respondents for the lecturer, preacher, and examiner criteria have more data than criteria
coach, mentor, and organizer criteria since there are more lecturers, preachers, and examiners in charge in
each batch. The topics taught by lecturer are; i) group dynamics, ii) national insights, iii) analysis of
contemporary issues, iv) accountability, v) nationalism, vi) public ethics, vii) quality commitment, viii) anti-
corruption, ix) ASN management, x) whole of government (WOG), xi) public services, xii) state defense,
xii) actualization concept, xiv) explanation of actualization. While topics delivered by preachers, namely;
i) human resources development policy for apparatus and ASN values, ii) technical substantive content of
Institution I, iii) substantive technical contents of Institution Il. Meanwhile, examiners are assessed based on
the test results on the actualization design exam and the actualization results. Furthermore, based on the
results of the participant's assessment, evaluation data were obtained. Table 2 shows an example on
participant's assessment result for coach criteria.

Based on the variables and domains of the predetermined fuzzy set, the next step is to calculate the
value of the degree of membership based on the membership function of the coach, lecturer, preacher,
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mentor, examiner, and organizer variables as a percentage of the average value of the training participants'
questionnaires. To show the data processing in this study, civil servant class Il training data were used where
the average score of the coach's assessment was 92, the lecturer was 92, the preacher was 93, the mentor was
92, the examiner was 93, and the organizer was 85.

Table 2. Coach criteria evaluation data
Respondents X1 X2 X3 X4 X5 X6

1 97 95 95 97 98 95
2 98 97 98 99 98 98
313 92 93 93 93 92 92

2.3. Fuzzification

The set of input variables consists of not satisfactory (0 50 60), unsatisfactory (50 60 70), quite
satisfactory (60 70 80), satisfactory (70 80 90), very satisfactory (80 90 100). While the set of output variables
consists of poor (0 54), medium (55 69), good (70 84), and very good (85 100). To determine the association
group, refer to the government agency performance accountability system [27]. The formulated that are used in
performing fuzzy calculations are, the criteria for the membership function of the coach are formulated,

u[x,] = Not satisfactory

1; x4 <50
60-X; |
u(92) = {60_50, 50 < x; = 60 )
0; x; =60
=0
1[x;] = Unsatisfactory
859 50 < x, 2 60
60-50
n92) =9 2% g0 < %, > 70 3)
70-60
O;Xl >70
=0
u[x,] = Quite satisfactory
Ga=60). g0 <x, > 70
70—-60
n2) =4 8. 70 < ¢ > 80 (4)
80-70
0; x; =80
=0
u[x,] = Satisfactory
0a=79). 70 < %, > 80
80-70
n(92) =4 2. gg <, > 90 (5)
90-80
0; x; =90
=0
u[x,] = Very satisfactory
0; x, < 80
_ ) x1—-80
u(92) = {90_80, 80 <x; =90 (6)
1; x4, =290
=1

the membership function of the lecturer’s criterion is formulated,

u[x,] = Not satisfactory

60—50"

1; x, <50

60—X,

w(92) = { ; 50 < x, > 60 7)
0; x, > 60

=0
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u[x,] = Unsatisfactory
(2759, 50 < ¥, > 60
60—-50
n92) =4 0% go <y, > 70 (8)
70-60
O;XZ > 70

=0

u[x,] = Quite satisfactory
(2769, 60 < x, > 70
70—-60
n(92) =4 8%, 5 oy > g (9)
80-70
0; x, =80

=0

u[x,] = Satisfactory
02779 70 < x, > 80
80-70
n(92) =9 22, 8o < x, > 90 (10)
90-80
0; x, =90
=0

u[x,] = Very satisfactory
0; x, <80

1w(92) = ’9‘3:22;80 <x, >90 (11)
1; x, =290

=1
the membership function of the preacher’s criterion is formulated,

1[x3] = Not satisfactory
1;X3 <50

n(93) = 23%’5‘3; 50 < x5 > 60 (12)
0;X3 > 60

=0

u[x3] = Unsatisfactory
0a=59). 50 < x5 > 60
60-50
mO3) = B2, 60 < x5 2 70 (13)
70-60
0; x3 = 70
=0

u[xs] = Quite satisfactory
069, 60 < x, > 70
70-60
n(93) =80, 76 < v, >80 (14)
80-70
0; X3 = 80
=0

u[x3] = Satisfactory
06779 .70 < x, > 80
80-70
nO3) =4 22 g9 < x5 > 90 (15)
90-80
0; x5 > 90
=0

u[x;] = Very satisfactory
0; x3 < 80
1(93) = {2222;80 < x; > 90 (16)
1; x3 = 90
=1
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the mentor’s criterion membership function is formulated,

u[x4] = Not satisfactory

60-50

1; x, <50
n(92) = {"’“" ;50 < x, = 60 @an
0; x, = 60

=0

= Unsatisfactory

Gu=59. 50 < x, > 60
60-50

n(92) =470 65 <y > 70 (18)
270

= Quite satisfactory

(24760 60 < x, > 70
70—-60
n(92) =4 8% .76 < . > 80 (19)

"o X, = 80

u[x,] = Satisfactory
Cu79.70 < x, > 80
80—-70
n(92) = ;’0 . 80 < x, > 90 (20)

°0; X, =90

u[x,] = Very satisfactory

80’
1; %, = 90

0; x, < 80

n(92) = {’9‘4 89,80 <x, =90 (21)
=1

the membership function of the examiner’s criterion is formulated,

u[xs] = Not satisfactory
1 X5 < 50

n(93) = 23 25,50 < x5 > 60 (22)

0 X5260
=0

u[xs] = Unsatisfactory

05759 50 < xs > 60
60-50

n(93) = 5560 < x5 > 70 (23)

0; x5 = 70
=0

u[xs] = Quite satisfactory
(E=59. 60 < x. > 70

70-60
n(93) = izg %5 70 < x5 > 80 (24)
0; x5 > 80

=0

u[xs] = Satisfactory

45770 . 70 < x¢ > 80
80-70

m(93) =4 X280 < x5 > 90 (25)
0; x5 > 90

=0
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u[xs] = Very satisfactory
0; x5 < 80

u(93) = {"5‘8" ;80 < x5 > 90 (26)

90-80
1; x5 =90
=1

the membership function of the organizer’s criterion is formulated,

u[xe] = Not satisfactory

1; x¢ < 50
n(85) = {2}’%’5‘3 50 < x4 > 60 (27)
0; X6 = 60
=0

u[x¢] = Unsatisfactory
G650 50 < x4 > 60
60-50
u(85) = ﬁ; 60 < x4 = 70 (28)
70-60
0; x¢ = 70

=0

u[xs] = Quite satisfactory
&9 60 < x4 = 70
70-60

u(85) = | 80X . 7o < x> g0 (29)
80—-70
O;XG >80
=0

u[x,] = Satisfactory
(x6—70)

K70 70 < x4 > 80
80-70

H(85) = { X=X 80 < x> 90 (30)
0; X = 90

=05

u[xe] = Very satisfactory

90—

0; X¢ < 80
u(85) = {% 80 < x¢ = 90 (31)
1; x¢ =90

=05

2.4. Inferences

The set value (W) for each variable is entered in the predetermined fuzzy rule to find the z value. In
this study, there are two fuzzy rules that match the set value of each variable from the existing thirteen
thousand rules, namely,

[R13099] If (X1 very satisfactory) AND (X2 very satisfactory) AND (X3 very satisfactory) AND (X4 very
satisfactory) AND (X5 very satisfactory) AND (X6 satisfactory) THEN (Y very good) (32)

[R13100] If (X1 very satisfactory) AND (X2 very satisfactory) AND (X3 very satisfactory) AND (X4 very
satisfactory) AND (X5 very satisfactory) AND (X6 very satisfactory) THEN (Y very good) (33)

based on the rule according to the set value, then the value a - predicate of each rule is calculated with the

Min implication function, o _ predicatel = min [px1(Very Satisfactory) I pux2(Very Satisfactory) N

ux3(Very Satisfactory) (1 ux4(Very Satisfactory) 1 ux5(Very Satisfactory) 1 px6(Satisfactory),
=min(1,1,1,1,1,05)=0,52i =925 (34)

o _ predicate2 = min [ux1(Very Satisfactory) N px2(Very Satisfactory) 1 ux3(Very Satisfactory) N
ux4(Very Satisfactory) (1 ux5(Very Satisfactory) (1 ux6(Very Satisfactory)

=min(1,1,1,1,1,05) =05z = 92.5 (35)
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2.5. Defuzzification

Furthermore, the process of converting the output from the inference system into a crisp form uses
the membership function to become a value. The defuzzification method used is the average method with the
following equation,

after carrying out the system inference process, the rule according to the set value in each variable is
calculated the z value with the average formula,

z=((0.5x92.5) + (0.5x 92.5)) / (0.5 + 0.5)
z=(46.25+46.25) / 1 =92.50 (37)

3. RESULTS AND DISCUSSION
3.1. Implementation of decision support system with fuzzy method

Based on the fuzzification process on the training assessment data, sets are formed for each criterion
in each civil servants training class. In civil servant training class 1, for the coach, lecturer, preacher, mentor,
and examiner criteria are very satisfying sets with weight equal to 1.0 for each, while for the organizer
criterion consists of two sets, namely satisfactory with weight equal to 0.5 and very satisfying set with weight
equal to 0.5. Furthermore, in civil servant training class Il it is obtained that for coach, lecturer, preacher,
mentor, and examiner criteria are very satisfying sets with weight equal to 1.0, while for the the organizer
criterion consist of two sets, namely satisfactory with weight equal to 0.2 and very satisfying with weight
equal to 0.8. Based on the results, it can be concluded that the quality of the training for civil servant class 11
is more satisfying than the civil servant class Il. Those result indicated by the weight values on the organizer
set as shown in Figures 3(a) and 3(b).

The terms used to express the set in Figure 3(a) and Figure 4(b) are TM (Not satisfactory, KM
(Unsatisfactory), CM (Quite Satisfactory), M (Satisfactory), SM (Very Satisfactory). After fuzzification, the
inference process is then carried out to determine the output value. Based on the results of the system
inference, the rules for each class are obtained as presented in Table 3 and Table 4. These rules are formed
according to the fuzzy set values.

[——Jcoacn [ vecturer ] coach [ Lecturer

0 1.0 1.0 1.0 ‘
0s 0.8 0.8 0.8
0.6 08 0.6 0.6
0.4 04 0 0
0.2 0.2 ) )

0 0 . i e 0

™ KM cM M 5M ™ KM cM M 5h T KM CM M SM ™ KM CM M SM

1 Preacher ] mentors [ Preacher g mentors

10 ) 10 1.0 1.0 o
0.8 0.8 0.8 0.8
0.6 0.6 0.6 0.6
0.4 0.4 0.4 0.4
0.2 02 0.2 0.2

(-4 0 0-4 [i}

™ KM cM M SM ™ KM cM M SM ™ KM CM M SM ™ KM CM M SM

Examiners :A::“ Inistralors Examiners ] Administrators

1.0 g 05 1.0 0.8
0.8 04 0.8 0.6
0.6 03 0.6 Y
0.4 0.2 0.4 )
0.2 0.1 0.2 0.2

0 [i} V] 0

™ KM C 5M ™ KM cM M SM ™ KM CM M SM Th KM C

(a) (b)

Figure 3. These figures are; (a) fuzzification group Il and (b) fuzzification group IlI
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Table 3. Rules of civil servant training class Il
. Alph
Rile  x1  MX xo  BX g WXy BX g BX g WX Decisio Alph g o
1 2 3 4 5 6 n a Z(i)
Very Very Very Very Very .
ngog satisfactor 1 satisfactor 1 satisfactor 1 satisfactor 1 satisfactor 1 Satls)flactor 0.5 (\3/52(/1 0.5 952 ©46.25
y y y y y
Very Very Very Very Very .
nglo satisfactor 1 satisfactor 1 satisfactor 1 satisfactor 1 satisfactor 1 Satls)flactor 0.5 (\3/52(/1 0.5 952 ©46.25
y y y y y
Table 4. rules of civil servant training class Il
-, . Alph
Rule X1 puX X2 uX X3 uX X4 puX X5 puX X6 uX Decisio Alph Z(i a*
1 2 3 4 5 6 n a ) Z(i)
Very Very Very Very Very .
ngog satisfactor 1 satisfactor 1 satisfactor 1 satisfactor 1 satisfactor 1 Satls)f/actor 0.2 gg% 02 88 176
y y y y y
R1310 Very Very Very Very Very Very Ve
0 satisfactor 1 satisfactor 1 satisfactor 1 satisfactor 1 satisfactor 1 satisfactor 0.8 Go:?tli 08 97 776
y y y y y y

Based on the inference results, the output value for civil servant training class 11 is 92.50 which states
that the quality of the training is very good. While, for the civil servant training class Ill, the output value is
95.20 which states that the quality of the training is also very good. Figure 4(a) and Figure 4(b) figure out the
quality of the training for each class.

ty of Education and Training Im

[E==] Quality of Education and Training Implementation

plementation

Moderate Very Good

Very Good

@ (b)

Figure 4. These figures are; (a) class Il training output value and (b) class I11 training output value

3.2. Fuzzy method output testing

Furthermore, testing is carried out to determine the level of output accuracy of the fuzzy method.
Testing was conducted by comparing the results of conventional calculation decisions with the results of
system decisions. The results of decisions based on conventional calculations are made by finding the mean
value of each criterion. Tests are carried out using data based on the training class category. The results of the
fuzzy method output test are presented in Table 5.

Table 5 shows that the conventional calculation output value at the civil servant training class Il is
91.17 (very good decision) and the civil servant training class Il training is 93.50 (very good decision). While
the output value produced by the proposes decision support system for civil servant training class Il is 92.50
(very good decision) and the civil servant training class Il is 95.20 (very good decision). Even though it
produces a different average output value, the decisions are the same for both approach, which is very good.
Based on the test results shown in Table 5, level of accuracy of each results of the fuzzy analysis method then
calculated using the following formula,

the correct amount of data

Accuracy = x 100 (38)

the total amount of data
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Accuracy = % x 100 = 100% (39)

Table 5. Fuzzy method output testing

Input Output Decision . Percenta
Type of Differ
o - . Conven Conven ge of
training  Coach Lecturer Preachers Mentors Examiners Organizer . System . System ence
tional tional Error%
Civil
Servant Very  Very 0
Class 92 92 93 92 93 85 91,17 92,50 Good  Good 1,33 1,33%
1l training
Civil
Servant Very  Very
Class Il 95 94 95 94 95 88 93,50 95,20 Good  Good 1,70 1,70%
training

After calculating the level of accuracy, it is obtained that the accuracy of the decision output of the
fuzzy method is 100%. While the accuracy rate of the output value is 98.49%. Level of accuracy of the
output value is obtained from a reduction of 100% with an average error percentage value of 1.52%.

4. CONCLUSION

Three order criteria were obtained based on the criteria test using the fuzzy method, namely: 1) the
highest order are examiner and preacher criteria; 2) the second order are coach, lecture, and mentor criteria;
and 3) the lowest order is organizer criterion. In both the civil servant training class Il and Ill, the coach,
lecturer, preacher, mentor, and examiner criteria participants are very satisfying. While for the organizer
criterion, 50% participants are Satisfactory and 50% are Very Satisfactory in the civil servant training class 1.
And, for organizer criterion in the civil servant training class 11 20% participants are Satisfactory and 80% are
Very Satisfactory. Moreovers, the result shows that overall quality of the civil servant training class Il is
better than the civil servant training class Il as indicated by the organizer criterion which shows different
levels of satisfaction. However, the overall quality of the training is very good. Based on the testing results,
the accuracy rate is 100%. Thus the fuzzy method can be used to assess the quality of the training
appropriately. However, further research is needed to find out how far the quality of the training influences
the participant’s success.
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