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Abstract

Performance is the level of success achieved by a person in carrying out their duties and responsibilities as well as
their ability to achieve the goals and standards that have been set. Teachers' performance is evaluated on a regular
basis at each school. Teacher performance evaluation is carried out to identify flaws in task executionfand to gain
an overview of the results to be achieved in the future. So far, teacher performance appraisal is donk manually,
which is very difficult and time-consuming and feels less objective. Therefore, a fuzzy-based assessment system
needs to be designed so that it helps in making decisions more quickly, precisely, and objectively. Rules are
designed and tested using the Mamdani fuzzy logic method, which is implemented through lh«j Matlab Toolbox
software. To produce a more accurate performance rating, more membership function output i needed so that a
more accurate performance rating can be produced.
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Eeli is a logic that deals with the concept of partial
h, where classical logic st ing can
inary terms (0 and 1)[3][4][5]. Fuzzy
C-is canmdered capable of mapping an input into

1. INTR()DUCTI()NI

Te(,hnnl(wmlll devc]opments at this time_hay
affected all aspects of hu 7nd have had a

positive influence on work productivity in companies,
government offices, and educational institutions[1][2]
The school, as an institution engaged in the field o
education, should be able to properly serve ;md
prm'iL[Ltlhe 1nf0mmlwn needed by each i

The teather is one y clements in thejeducatior
system in a school; therefore, the! feacher's
concern. leache

perfhrmeuwj needs to be a
performance! can be seen asured based or
competency specifications or criteria that must be
possessed by each teacher. Teacher performance
evaluation is still done manually, and the resuits are
not objective

Fuzzy ldgic &5 & branch of modern artificial
intelligence, along with neural networks, genetic
algorithms, and several other branches] Fuzzy logic
hay been applied t() linear regressibn i
O'Hagan): In the un rpredicted by Hesmaty and
Kandel, knowledge represented in the fuzzy expert
system {Eed by using linguistic variables, linguistic
values, linguistic terms, membership functions, and
fuzzy IF-THEN mlesl Fuzzy logic (or vague logic)

an output without ignoring the existing factors. Th
function| of the fuzzy system is then used as a tool ir
decisiontmaking. The fuuv 10"1(, system can be used
to determine teacher per 5 supported

*MATLAB toolbox m[lanlﬁll?\ With fuzzy
logic, we can handle fuzzy sets suth as ldve. medium,
and high. which are ver ; SOL schlences
anguage] This syste m can handle precise
and pmcrsc values, ! fuzzy values, and combined
consideration types, and it allows for the free
description of fuzzy and normal terms in rules and
facts.

2. RESEARCH METHOD

2.1. Framework

In the reses T
s nice of frameworks that must be followed: this
framework sequence is an illustration of the steps to be
followed so that this research can run smoothly. The
following framework is used:




‘ Ielentif isation of problems ‘

l

‘ Protilem anlysis ‘

l

‘ Semting Ginal ‘

I

‘ Suuclying Lilesstire ‘

l

‘ Callecting dsta ‘

l

‘ System Design ‘

l

‘ System Testing ‘

l

‘ System Implementation

Figure 1. Research Famework[8]

2.2, System Overview

In darmining the design of the system, there
are 4 input variables, namely: pedagogic competence,
professional competence, personality competence, and
social competence, and 1 output variable, namely the
performance variable. This can be seen in the
following Figure:

Figure 2. Input and output variables in the Mamdani method

2.3. System Analysis for Pedagogic Competency

Variables Pedagogic competency variables are
average values of pedagogic variables such as: (1)
understanding learning theory; (2) understanding
students' potentials; (3) mastering how to apply ICT in
learning; (4) designing comprehensive learning; and
(5) assessing all students' progress. The value of the
pedagogic competency variable is divided into 3
criteria, namely:

Table 1. A Fuzzy Set of Pedagogic Competency Variables

The universe The name of

of speech the set of fuzzy Domain
Not enough 0-70
0-100 Enough 50-90
good 70-100

The membcrshlp;i function diagram for
pedagogic competency vatiables can be seen in the
following Figure:
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Figure 3. Membership function for Pedagogic Competency
Variables

1

On the pedagogic competency v.ariablc, the
data possessed can be divided into 3 fuzzy sets,
namely, insufficient, sufficient, and good. The less
fuzzy set will have the domain [0-70], with a lower
degree of membership; the highest (=1) is lcnted at
50. If the value of the pedagogic competence variable
is more than 50, then the value is getting closer to
sufficient. The left sh()ulda membership function
represents the fuzzy set, and the membership function
for the less set can be seen in the following equation:

1;x]< 50
%—;sosxis 70 (1)
0:X||20

1

Unot enough [Xi]=

A sufficient fuzzy set will have a domain [50—
90], with a sufficient degree of membership; the
highest (= 1) is located at 70. If the value of thj
pedag()gin()mpelence variable exceeds 70, then th
value is getting closer to "good." The fuzzy set is
sufficiently represented by a triangular membership
function, with the degree of {Bmbership getting better
the closer the value is to 70] The membership function
for a sufficient fuzzy set can be seen in the following

equation:
0; X< 50 eltelu\&}g 90
Menough [X1]= 430 50-<-x, (970 (2)
170 <X, 290

good fuzzy set will have a domain of [70-
100], with the higst degree of good membership (=
1) located at [70-100]. If the value of the pedagogic
competency variable is less than 90, then the value is
getting closer to sufficient. The fuzzy set 1s well
represented by the right-shoulder membership
function| The membership function for a good fuzzy

set can bé seen in the following equation:
0; in 70
Hgooa [Xil= { T 70X <90 (3)

1:X,|290

24, System Analysis for Professional Competency
Variables Professional competency variables
are inputs that are the average value of professional
variables, including: (]}(thc ability to master subject
matter, which is an area of expertise; (2) the ability to
master the learning resources needed in the learning
process; (3) the ability to process learning resources
from the environment so that they can be used to




support learning; (4) the ability to apply information
technology in an effort to increase children's learning
activities; and (5) the ability to prepare lesson plans
that package content, media technology, and values in
each learning process.

The value of the professional competency variable
is divided into 3 criteria, namely:

Table 2. A Fuzzy Set of Professional Competency Varables

The universe T € of .
of| spccchr/ll'lgr!:;}:;ﬂﬁj/zzL RSnain
f Not enough 0-70
0-100 Enough 50-90
good 70-100

The membership function diagram for
professional competency variables can be seen in the
following Figure:

Figure 4. Membership Function for Professional Competency

1

!ariablcs In the professional competence
variable, the owned data can be divided into 3 fuzzy
sets, namely, insufficient, sufficient, and good. Less
fuzzy sets will have a cnuiin of [0-70], with a lower
degree of membership; the highest (= 1) is located at a
value of 50. If the wvalue of the professional
competence variable is more than 50, then the value is
getting closer to sufficient. The left sh()u]nr
membership function represents the fuzzy set, and the
membership function for the less set can be seen in the
following equation:
1 X,j <50
50670 ()

0:x!|zo

Hnot enough [X2]=

1

A sufﬁcicnlgzzy set will have a domain [50—
90], with a sufficient degree of membership: the
highest (=1) is located at 70. If the value of the
professional competence variable exceeds 70, then the
value is getting closer to "good." Tt is sufficient to
represent the fuzzy set with a triangular membership
function, with the degree of mbcrship getting better
the closer the value is to 70. The membership function
for a sufficient fuzzy set can be seen in the following
equation:

0; X_ji 50 mmsz =90

Xy— 50
Henougn [X2] = { == 150 < X, 70 (5)
222170 < X, <90

A good fuzzy set will have a domain [70-
100] with a good membership degree; the highest (=
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1) is located at 90-100. If the value of the professional
competence variable is less than 90, then the value is
getting closer to sufficient. The fuzzy set is well
represented by the right-shoulder membership
function| The membership function for a good fuzzy
set can bé seen in the following equation:

0 :X,ji 70
Hgoo [X2]=4 5705 X, <90 (6)

1 X_12 90

2.5. System Analysis for Personality Competency
Variables Professional competency variables
are inputs that are the average values of personality
variables, such as: (1) hhe lity to have high
commitment and willinghess in-carrying out their
duties as professional teachers; (2) the ability to have
compassion for students without discrimination;
the ability to have a strong sense of responsibility in
carrying out its function as a teacher; anﬂ4] the ability
to have a strong sense of independence in carrying out
its function as a teacher. having a noble character, and
(5) having the ability to motivate students
The value of the personality competency! variable is
divided into 3 criteria, namely:

Table 3. A Fuzzy Set of Personality Competency Variables

The universe The name of

of speech the set of fuzzy Domain
Not enough 0-50
0-100 Enough 25-75
good 50-100

The membership function diagram for
personality competency variables can be seen in the
following Figure:

Figure 5. Membership function for personality competency

Variables In the personality competency
variable, the data possessed can be divided into 3 fuzzy
sets, namely, insufficient, sufficient, and good. The
domain of the less fuzzy set will be [EU]‘ with the
highest degree of less membership (=1) located at a
value of 25. If the value of the personality competency
variable is greater than 25, then the value is getting
closer to being enough. The left sh()ur membership
function represents the fuzzy set, and the membership
function for the less set can be seen in the following
equation:

1 -.x_ig 25
M os<xieso
0; x_i > 50

Hnot enough [Xs]=




1

The sufficient Ezzy set will have the domain
[25-75], with the highest degree of sufficient
membership (=1) located at a value of 50. If the value
of the personality competence variable exceeds 50,
then the wvalue is getting closer to "good." It is
sufficient to represent the fuzzy set with a triangular
membership function, with the degree of membernp
getting better the closer the value is to 50. The
membership function for a sufficient fuzzy set can be
seen in the following equation:

0 X4< 25 atay X; = 75
X3—2

Henougn [Xs] =4 =805 X$ =50 (8)
%:505){4575

good fuzzy set will have a domain of [50-
100], with the highest degrefnf good membership (=
1) located at a value of [75-100]. If the value of the
personality competency variable is less than 75, then
the value is getting closer to sufficient. The fuzzy set
is well represented by the right-shoulder membership
function] The membership function for a good fuzzy

set can bk seen in the following equation:
0; X_is 50
50
Hgooa [Xs] = =50 =Xy <75 (9)
1; X_iz 75

2.6. Variable System Analysis for Social Competence
Social competency variables are inputs that are
the average value of social variables, including: 1. Be
able to understand various factors that influence the
creation of a child's learning environment. 2.
Understand  various socio-cultural, social, and
economic factors that influence the educational
process of students. 3. Be able to understand the
importance of the relationship between the school and
parents and community leaders who influence the
child's education process. 4. Can understand the norms
and values that apply and are upheld by the
community| 5. Be able to understand the approaches
that apply iffschools.
The valde of the social competency variable is
divided into 3 criteria, namely:

Table 4. A Fuzzy Set of Social Competency Variables

The universe The name of

Domain

of speech the set of fuzzy
Not enough 0-50
0-100 Enough 25-75
good 50-100

The membership function diagram for social
competence variables can be seen in the following
Figure:
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Figure 6. Membership function for Social Competency

1

eariablcs In the social competence variable,
the owned data can be divided into 3 fuzzy sets,
namely, insufficient, sufficient, and good. The domain
of the less fuzzy set will be 50], with the highest
degree of less membership (=1) located at a value of
25. If the value of the social competency variable is
greater than 25, then the value is getting closer to being
enough. The left sh()uldemembership function
represents the fuzzy set, and the membership function
for the less set can be seen in the following equation:

1 :X,ig 25
225 X{<50 (1)
0; x_12 50

The sufficient fuzzy set will have the domain
[25-75], with the highest sufficient degree of
membership (= 1) located at 50. If the value of the
social competence variable exceeds 50, then the value
is getting closer to "good." It 1s sufficient to represent
the fuzzy set with a triangular membership function,
with the degree c)fmabcrship getting better the closer
the value is to 50. The membership function for a
sufficient fuzzy set can be seen in the following
equation:

Hnot enough [Xs] =

0 :X_ig 25 ata X; > 75

Henougn [X3]= 4 == (11)

good fuzzy set will have a domain of [50—
100], with the highest deg " good membership (=
1) located at a value of [75-100]. If the value of the
social competence variable is less than 75, then the
value is getting closer to sufficient. The fuzzy set is
well represented by the right-shoulder membership
function| The membership function for a good fuzzy

set can bé seen in the following equation:
0: X_is 50
X35l

Hgood [X;]—{ =50 < X <75 (12)
I; X’P 75

2.7. System Analysis for Performance Variables

The performance variable is the output
variable, which is the work of a teacher provided by
the school, namely the principal and his staff or the
teacher performance appraisal team. In this study, the
value of teacher performance variables was divided
into 3 criteria, namely:




Table 5. Fuzzy Set of Performance Vanables

The universe The name of

domain

of speech the set of fuzzy
Not enough 0-70
0-100 Enough 50-90
good 70-100

The membership function diagram foilperformance
variables can be seen in the following Figure:

———

o e et

Figure 7. Performance Variables Membership Function

3. RESULT AND DISCUSSION
3.1. Fuzzy System Implementation

In building llasyslcm implementation, there
are four input variables, namely pedagogic
competency  variables, professional competence
variables, personality competency variables, and
social competency variables, and one output variable,
namely performance variables. This can be seen in
Figure 10 below:

e -

— -l -
Figure 10. Fuzzy Parameters in Matlab
3.2.Implementation of the Formation of Fuzzy

Sets Next, a fuzzy set will be formed for each
input and output parameter.

1. Pedagogic Competency Variables

The Pedagogic Variable is the input variable,
which is the average value of the Pedagogic
Competency variable. The value of pedagogic
variables is divided into 3 criteria, namely: lack,
enough, and good. The division of these criteria can be
seen in Figure 11 below:
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Figure 1 1. Fuzzy Set for Pedagogic Competency Variables

2. Professional Competency Variables

Pr()fessi(ll Variable is an input variable that is
the average value of the Professional Competency
variable. The value of the professional variable is
divided into 3 criteria, namely, less, enough, and good.
The division of these criteria can be seen in Figure 12
below:

i
i
i

| e e e

Figure 12. Fuzzy Set for Professional Competency Variables

3. Personality Competency Variables

The personality varie is the input variable,
which is the average value of the personality
competency variable. The value of the personality
variable 1s divided into 3 criteria, namely: lack,
enough, and good. The division of these criteria can be
seen in Figure 5.4 below:

-Figure 13. Fuzzy Set for Personality Competency Variables

4. Social Competency Variables

Social variables are input variables that are the
average values of thﬂ social competency variables. The
value of the social JVariable is divided into 3 criteria,
namely, less, enough, and good. The division of these
criteria can be seen in Figure 14 below:




|m-—-w—»

Figure 14. Fuzzy Set for Social Competency Variables

5. Performance Variables

The performance variable is the output variable,
which is the variable that determines the performance
of a teacher. Performance scores are divided into 7
criteria, namely: very poor, poor, less, enough, very
enough, good, and very good. The membership
function diagram for performance variables can be
seen in Figure 15 below:

o )
Fla Edt Yiew
FIS Variables Meminer shp huncton oty Pt paintz: =

— sangd olok ek brmyg  cwwp SO bek  sangios
X N
e

u\;v{uxn-;u

hepriadion

ut varisile “Winers o

Curent Vasiatle Curmont Mimbari#io FLnclin (cick on M 15 seiect)

Hame laneris_guny M zangs_jelsk

Type cudpt Trpe timt -

Farams.

i 1401000 130 40 50y

B 1a0 1009 ‘ | e [ Cose | |
| [ —— |

Figure 15. Fuzzy Sets for Performance Vanables

The definition of a fuzzy set of performance variables
in Matlab can be seen in the following description:
[Output 1]
Nill]'lilﬁilchcl’ _peformance’
Rangé=[40 100]
NumMFs=7

MF1='"very_bad"'trimif [30 40 50]
MF2="bad"'trim{] [40 30 60]
MF3="less"'trimi| {50 60 70]

MF4='enough"'tii
MF5="very_enough'"trimlf [ 70 80 90]
MF6="good"'trimif [80 90 '100]

MF7="very good''trimf',[90 100 110]

6. Implementation of the Implication Function

In the Mamdani method, the implication function
used for each rule 1s the min function, and the operator
used is and, as shown below:
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Lo 12 ]

Fle ol View Options

o iz brang) s (aravipesiorsl it krsng) ard (hepribadien is kurang) and (sossl = kursng) B -
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o
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Figure 16. (Rule Editor): If Then Rule Matrix Proces

n that the
e obtained as
ss professional
s social, then the

From the picture above, it can be s
rules are designed, and the results will
follows: If the pedagogy is less and
and has less personality and is
performance is very p{){)r|

7. System Testing
For the system that has-feen built, it is necessary

to carry out system testing] At'this testing stage, the
value of membership fundtion 3 and the value of
membership function 7 have been taken, so the result
is that the value of membership function 7 will be more
accurate than the value of membership function 3,
because the value of membership function 7 will not
have mutually exclusive values. overlapping. In this
test, there are 7 membership functions assigned to the
performance output, namely: very poor, bad, less,
enough, very enough, good, and very good. Input
pedagogic competency (x_1) = 67, professional
competency (x_2) =77, personality competency (x_3)
= 73, and social competency (x_4) = 86. The actual
performance output is 'ﬁcicnl. Before making
inferences, first look for the degree of membership in
the value of each variable in each set by using a
predetermined equation.

p_(enough )[67] = 0,85

p_(good ) [67] =0

p_(not enough )[77]=0

w_( enough)[77] = 0,65

w_( good )[77] =035

p_( not enough )[73] =0

p ( enough )[73] = 0,08

p_( good)[73] =092

p_( not enough )[86] =0

w_( enough )[86] =0

u_( good )[86] = 1

-predicates that are not equal to zcr{1lie in the rules.




By using the defuzzy| weighted average method,
the teacher's performance s as follows:

@121+ W89 44 Apy &7+ Qg Zyn s 5 054854

Z=
7=

Mgty tay+ sy tasy gy

(0,15)(70)+(0,08)(70)+(0,15)(80)+(0,08)(70)+(0,08)(B0)+(0,35)(90)

0,15+0,08+0,15+0,08+0,0840,35
716

0,89

Z=8044 (13)

Fie Edt ‘View Oplions

&

525
L5 0’0’,;:
-

S5

W input):

X grids:

‘ Feef. Input: [Pt Na 50 507 | | . onep || cose | |

[~ |
Figure 18: Surface Rule Display (Surface Viewer) From
Performance

4. CONCLUSIO

From the research that has been done,
some conclusions can be drawn as follows: In the
use of the Fuzzy Meth0d| it is more effective and
efficient to wuse in' determining teacher
performance which is more objective, precise,
fast and efficient. The rules used in the fuzzy
system are adjusted to the software used and the
needs of the school as well as the rules that apply
at the government level. If the number of
membership functions is greater, the results
obtained will be more valid because there are no
overlapping values, resulting in a more accurate
assessment. more precise and am‘uratc}ln order
to develop the system in the future, the ase of a
fuzzy system in determining teacher performance
will produc@etter output if it uses input variables
other than pedagogic competence, professional
competence, personal competence and social
competence. For those who wish to do further
research, they can develop it into more complex
applications, this research is only limited to a
fuzzy-based system design that helps in the
process of assessing teacher performance and can
be developed by making specific programs, so
there are still many ideas that can be further
developed to be implemented into more specific
programs for the future.
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