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Assessing academic performance is a common way of evaluating and assessing the abilities
of students in tertiary institutions. Usually it is practically performed based on the
cumulative grade point average (GPA) at the end of each semester passed. Unwittingly
there are many factors that are able to influence student performance results apart from
GPA as a performance measure; i.e. gender, hometown, sibling, family status, residence,
father education, mother education, family income, motivation, mileage, traveled time,
transportation, scholarship, community, social media, and hang-out. Academic
performance assessment is proposed through the decision support model (DSM) applying
the fuzzy logic (FL) Sugeno technique. The model output generates a decision value (linear
or constant equation) for academic performance based on the calculation of the measured
fuzzy parameter value (ax) and conventional parameter value (bx). The DSM with the FL
Sugeno method is able to provide sharp output in assessing student academic performance.
In this case, the model is able to be applied then to assist academics in higher education in

determining educational strategies for students with poor academic performance results.

1. Introduction

The academic performance is one indicator of the education
quality in universities. It generally is able to be measured with the
value achievements record of the grade point average (GPA) [1]-
[3]. The GPA is greatly influenced by various factors. Those
factors are such as the social, family, economic and educational
environment of each individual [1], [4], [5].

The assessment process is a part of the evaluation process
toward student academic performance which is done by higher
education academics. Academic performance appraisal is one of
the effective solutions to detect student failure problems.
Analyzing stored student data can help provide important
information in their academic performance appraisal process.

The new models to support objectives in the academic
performance assessment process are still being investigated and
researched scientifically. One of them is a study related to decision
support models (DSM). The research has been carried out by a
number of researchers with DSM as the main issue. Creating DSM
to solve difficulties related to mosque rebuilding. Fuzzy method
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was operated to determine the priority value of eleven parameters
[6]. Also, eco-DSM for treating medical waste was constructed by
involving the fuzzy method as the main part of the model [7]. Then,
the model for determining the amount of production, especially in
the business world, functioned the fuzzy Sugeno technique [8].

In addition, [9] created DSM to measure the performance of
logistical companies based on various indicators performance. In
[10], the author created a model to calculate the exact number of
goods ordered, this affects the level of inventory and the sales of
goods. The determination of the venue for the national multi-sport
event or called the national sport week (NSW). The determination
of the best location was carried out in Indonesia with thirty-four
provinces that had various distinctive features and cultural
uniqueness [11].

This paper is DSM development in fulfilling research
objectives for the assessment of student academic performance
which is implemented in the education area (universities),
exclusively operated in a calculation using the fuzzy logic method
as well as using the data asset for 100 students at the faculty of
Teacher Training and Education (FKIP) at the University of
Mulawarman, East Kalimantan. Fuzzy logic (FL) has been widely
used in various fields in the real world. FL is technically the
principal method used in calculating mathematics as well as it is
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used to assess uncertainty in various fields. FL plays an important
role in changing the complex symptoms of problems and cannot
easily be translated into mathematical models, with the aim of
providing a best solution approach to problems [12]. The
assessment result can provide early warning to academics to be
able to pay attention in taking quick steps to improve student
academic performance in bad conditions.

2. Related Works

The concept of fuzzy logic is a popular method used in
decision-making support. In [13], the author was applying the
fuzzy method in engineering asset management (EAM), checking
the condition of assets is an important aspect of EAM because it is
able to identify symptoms of potential failure and suggest
corrective actions before operational disruptions. In [14], the
author was creating a conceptual model for evaluating the
performance of social sustainability and has been tested for later
implementation in India in automotive component manufacturing
organizations.

In addition, from year to year, various researchers conduct
research on the issue of academic performance (AP) appraisal as
the main topic in their research [15]-[17]. In [15], the author chose
to take AP as the main topic of their research. They observed
twenty student data based on three characteristics in the one
academic period involving, exam 1, exam 2 (theoretical), and
exam3 (practical). The results of the study were compared with
traditional evaluation methods and gave similar results. They
concluded that the evaluation results with the proposed approach
could be a practical method in evaluating AP.

In [16], the author introduced the new fuzzy expert system
(NFES) to be used in evaluating student AP based on the concept
of FL by considering two parameters, semester 1 and semester 2
scores. In order to make decisions about learning in the next
period. In [17], the author applied the fuzzy method in the
evaluation of AP control of twenty students in the engineering
laboratory at the faculty of Engineering Education Marmara
University, department of Electricity Education. The semester 1
and semester 2 grades are used as the input that counts. In [17], the
author concluding that there are variations in the evaluation results
from the results of comparisons made to classical evaluation
methods. The fuzzy method provided the advantage of flexibility
in AP evaluation and provides many evaluation options.

3. Prepare Your Paper before Styling

As mentioned in the introduction part, the purpose of the
assessment is part of a big task in the process of evaluating
academic performance. Figure 1 describes the step by step of the

The first step we take is to study real case (in the case is
academic performance measurement) supported by reviewing
several scientific manuscripts. Two these stages operated to enrich
our knowledge of case we face. Furthermore, we define the
parameters related to the assessment of academic performance
based on the study results of the related research literature
involving 17 validated ones (Table 1) and are taken into account
in influencing the AP assessment. Then the parameters will be
configured which include; parameter grouping and parameter
weighting. The preparation process for the parameters is
successfully carried out, then data collection is carried out for
further preparation as a dataset for this study.

Then, the construction of the model is carried out. The model
is built with FL method to be operated as the main method, in
addition to conventional methods used. The concept of FL (fuzzy
— inference — de fuzzy) begins with building membership functions
(MF) and linguistic variables (LV) as calculation scales. The LV
definition of the fuzzy parameter is used to describe the input value
in the form of the condition level of each academically calculated
fuzzy parameter. It is then designed via MF fuzzy triangle-
trapezium on each fuzzy parameter. Further preparing the vague
ground rules as reference engine rules in determining the results of
considerations so that we found 3,456 basic rules. The final stage
of FL is de fuzzy, the result of FL decision is determined using the
centroid method of sugeno technique.

Table 1: Parameters and their Value

Variable Parameters Parameter Value
P1 Gender Male (M), Female (F)
P2 Hometown Town (T), Out of town (OT)
P3 Sibling 1,2,3,4,5
P4 Family Status Living together (L),

Divorce (D), Died (DE)

P5 Residence With parents (P), Hostel/Rental

(H)

P6 Father Education Not Education (0), Primary
School (1), Junior High School
(2), Senior High School (3),
Undergraduate (4), Graduate (5),

Postgraduate (6)

P7 Mother Education Not Education (0), Primary
School (1), Junior High School
(2), Senior High School (3),

Undergraduate (4), Graduate (5),

Postgraduate (6)
P8 Family Income 0-5000000

(in Million rupiah)
P9 Motivation Dream (D), Association (A)
P10 Mileage 1-20 (in KM)

P11 Traveled Time 1-60 (in Minute)

whole study.

P12 Transportation

Private (PR), Public (PB)

Case
Identification

h 4

Literature Study

h J

Defined and
Configuration
Parameters

P13 Scholarship

No (N), Yes (Y)

P14 Community

No (N), Yes (Y)
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h 4

P15 Social Media

1,2,3.,4,5,6,7,8,9,100 (in
Hours/day)

Model

Development

Data Collection

P16 Hangout

1,2,3,4,56,7,8,9, 100 (in
Hours/day)

Figure 1: Research Stages

P17 Grade Point
Average (GPA)

0.00-2.50 (Poor),

2.51-2.99 (Good),

3.00-3.59 (Very Good) and 3.60-
4.00 (Excellent)
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3.1. Data Collection

Collecting data as a research dataset using a combination of
data collected through two methods; 1) online questionnaire is
applied in collecting actual information from student personal data,
2) list of GPA scores from the academic database for the five initial
periods of learning downloaded from the academic database for
100 data from FKIP to be studied.

The collected data is prepared for research. The dataset is
combined and prepared by eliminating defective data samples and
by manually adding missing pieces of data to the data sample.

3.2. Grouped Parameters

Seventeen parameters configured to prepare the entire
parameter can be used on the model. Parameter configuration is
done through two stages, grouping and weighting parameters. The
first configuration is done by grouping parameters based on the
calculation operation to be used in each parameter group. The
grouping was successfully formed into fuzzy groups (ax) and
conventional groups (bx). Parameter grouping shapes described in
Table 2.

Table 2: Parameter Grouping Based on Calculation Method

Parameters
Sibling (P3), Father Education (P6),
Mother Education (P7), Family Income
(P8), Mileage (P10), Traveled Time
(P11), Social Media (P15), Henge Out
(P16), Grade Point Average (GPA)
(P17).
Gender (P1), Hometown (P2), Family
Status (P4), Residence (P5), Motivation
(P9), Transportation (P12), Scholarship
(P13), Community (P14).

Grouped Parameters

Fuzzy (ax)

Conventional (bx)

Some researchers stated that there were several parameters in
the bx section that only had a small effect on the achievement of
AP. According to [18], there is no significant result for the effect
given by the gender parameter on student AP results. From the
results of the study in [19], the author stated that three other
parameters also had a small effect on the PA results including;
number of siblings, mileage from faculty and gender. At bx each
attribute of the parameter contains a nominal value, where in the
conventional group concept (stated as bx) the shape of the attribute
effect of the parameter is stated in integer form (0 and 1)
represented by conventional values (VC) and shown in Table 3.

Table 3: Conventional Group Value

Parameters Parameter Value vVC

Male (M) 0

Gender Female (F) 0
Town (T) 1

Hometown Out of town (OT) 0
Living together (L) 0

Family Status Divorce (D) 1
Died (DE) 1

. With parents (P) 0
Residence Hostel/Rental (H) 1
R Dreams (D) 0
Motivation Association (A) 1
Transportation Private (PR) 0

WWwWw.astesj.com

Public (PB) 1
Scholarship E(e)s (%) (1)
Community EZS(S;) (1)

3.3. Weighted Parameters

The second configuration of the parameters is done by
weighting the parameters. The weighting technique is carried out
in two stages; 1) the initial stage is carried out by using the Rapid
Miner tool to determine the weight level of each parameter in
giving an effect on student academic performance based on the
case data used in this study, 2) the next stage is to normalize the
initial weighting results. The normalization process aims to avoid
systematic technical effects in the form of sufficient data gaps
between parameters to ensure that technical bias has minimal
impact on the results [20]. The normalization process uses a
formula as in equation (1).

Normalization = —2 (1
wj

The results of normalized weights are shown in Table 4. Where
is the fuzzy group (referred to as ax) and the conventional group
(referred to as bx), and the weight value of the parameter (referred
to as W). The total weight value for ax is represented by (3 W Fuzzy)
and the total weight value for bx is represented by (W conventionat)-
The total weight value ax produces a greater total weight value
than conventional parameter groups in influencing the final
calculation results in the AP.

Table 4: Normalize the Parameter Weights

No ax w No bx 4
1 CGPA 0.32969 1 Scholarship 0.03398
) Traveled 0.27696 ) Transportation | 0.02487
Time
3 | Mileage 0.06018 3 Family Status | 0.02296
Mother 0.05371 Motivation 0.01871
4 . 4
Education
Father 0.04136 Gender 0.01552
5 . 5
Education
6 Family 0.03585 6 Hometown 0.00177
Income
7 | Sibling 0.03308 7 Community 0.00081
8 | Hang-Out | 0.02721 8 Residence 0.00026
9 Social 0.02308
Media
ZW Fuzzy 0.88100 ZW Conventional 0.12000

3.4. Fuzzy Logic Model

After getting the data collected, we create a fuzzy set by
determining the LV of each fuzzy parameter (FP) shown in Table
5. Where FP is a fuzzy parameter of academic performance
parameters, LV is a linguistic variable, and then MF domain are
domain membership functions based on the LV of each FP. After
the LV is determined successfully. It is then designed to create a
MF.

The degree of membership is obtained by first making a graph
of each selected FP. The parameters for the number of siblings,
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father and mother education, social media, and traveling have 2

fuzzy sets, namely: low and high. The parameters of family o
income, mileage, and travel time have 3 LV, namely: low, medium os
and high. CGPA parameter has 4 LV, namely: poor, good, very o
good, and excellent. All MFs are determined in Figure 2 to Figure o
10. 0

0 1000000 2000000 3000000 4000000 5000000

Table 5: Membership Function Value

Figure 5: Membership Function for Parameter Family Income
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o Low (L) [0, 3] 10
Sibl -
1olng High (H) 2, 5] o8
. Low (L) [0, 4] 06 — o
Father Education High () (3. 6] 3 -
. Low (L) [0, 4] 02
Mother E t
other Education High (1) (. 6] .
LOW (L) [0’ 2000000] 00 25 50 15 100 ns 150 us 20
Family Income Medium (M) [1500000, 3500000] Figure 6: Membership Function for Parameter Mileage
High (H) [3000000, 5000000]
Low (L) [0, 8] o
Mileage Medium (M) [6, 14] e
High (H) [12,20] e
Low (L) [0, 20] o
Traveled Time Medium (M) [15,45] oz
High (H) [30, 60] o
Media Social L.OW (L) [0. 6]
ngh (H) [4,10] Figure 7: Membership Function for Parameter Traveled Time
Low (L) [0, 5]
H t
enge Ou High (H) [4, 10] .
Poor (P) [0,00, 2,75] o
Grade Point Good (G) [2,50, 3,25] i —
Average (GPA) Very Good (VG) [3,00, 3,75] *
Excellent (E) [3,50, 4,00] 0
00
0 2 4 6 8 10
10
08 Figure 8: Membership Function for Parameter Social Media
06 — Low
04 — High i
02 08
004 - - i . - - e — low
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02

Figure 2: Membership Function for Parameter Sibling

00

L] 2 4 6 l‘? 10
10

08 Figure 9: Membership Function for Parameter Henge Out
06 — Low
04 — High 10
02 08
0.0 ; ; . . ; . 06 — Poor
0 1 2 3 4 5 3 s SO
04 — Excellent
Figure 3: Membership Function for Parameter Father Education 02
00
10 00 05 1o 15 20 25 30 35 40
08
06 —— Figure 10: Membership Function for Parameter CGPA
04 —— High
02 Academically, fuzzy rules are defined to be characterized as
001 ; , , : : , fuzzy academic performance (FAP) values based on fuzzy input
’ ! : ’ ¢ ° ° parameters. The number of fuzzy rules has as many as 3,456 rule
Figure 4: Membership Function for Parameter Mother Education bases. It is based on parameters and linguistics. Thus, that can be
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validated based on the study of related research literature (shown
in Table 6) is used to obtain the FAP value.

Table 6: Fuzzy Rules

IF Pl(Low) AND P2(Low) AND P3(Low) AND
P4(Low) AND P5(Low) AND P6(Low) AND P7(Low)
AND P8(Low) AND P9(Poor) THEN Performance Bad
IF P1(Low) AND P2(Low) AND P3(Low) AND
P4(Low) AND P5(Low) AND P6(Low) AND P7(Low)
AND P8(Low) AND P9(Good) THEN Performance
Bad

Rule 1

Rule 2

IF P1(High) AND P2(High) AND P3(High) AND
P4(High) AND P5(High) AND P6(High) AND
P7(High) AND P8(High) AND P9(Very Good) THEN
Performance Good

IF P1(High) AND P2(High) AND P3(High) AND
P4(High) AND P5(High) AND P6(High) AND
P7(High) AND P8(High) AND P9(Excellent) THEN
Performance Good

Rule
3455

Rule
3456

3.5. Calculation Academic Performance

In building the model, we apply two separate calculation
operations with the Sugeno technique fuzzy method as the main
counting operation on the model, specifically in producing the
decision value for the final score of academic performance
appraisal. The application of the FL Sugeno method provides a
systematic approach to generate fuzzy rules from a given input to
the output. To calculate the resulting output, Sugeno technique
uses weighted average where the resulting output can be a separate
characteristic with the final result not in the form of a fuzzy set but
a linear or constant equation [21], [22].

From each of the total weight values of ax and bx that were
found. Later it will be used to operate as a multiplier index for each
calculation operation in the parameter group. The value of
(X Wruzzy) is used as a multiplier index to multiply the total value
of the FAP value calculation operation to produce the total value
of the effect of ax on academic performance ((3)(ax)) which is
mathematically written in equation 2.

X(ax) = FAP = ¥ WFuzzy 2

whereas the value (3 W conventiona) Used as a multiplier index to
multiply the total value of the simple CV addition calculation
operation to produce the total effect value of bx on academic
performance (3 (bx)) which is mathematically written in equation
3.

2(bx) = VC * X Weonventionat 3)

The final calculation stage for the assessment of academic
performance, equation (4) is used in calculating the results of the
value of academic performance decisions, where each calculation
result of the coefficients (3 (ax)) and (3 (bx)) is added up to obtain
the final score for the assessment of academic performance. Where
the final assessment results as a decision value (DV) in this model
produce a decision value in the form of a firm value to assess the
results of student academic performance.

DV = Y.(ax) + Y(bx) 4
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4. Result and Discussion
4.1. Experiment Results

The DSM model built for academic performance appraisal
using the FL. method Sugeno technique which is a popular method
in the DSM field. It is also quite elastic in dealing with complex
problems in the real world in the form of linear or nonlinear
systems. It works by mapping problems into the form of fuzzy
reasoning to obtain a decision. The complete flow of activity in the
model is depicted in Figure 11.

[
!

| Defined Parameters Determine

X Membership Function

G
Grouped Parameters Input Case

Determine Weight .

: Calculation Fuzzy Value

Calculation for Conventional

i Fuzzy Rules |
\ Parameters / . ¢ —
I— Aggregation jI

Simple Matrix |

!

Centroid Method |

l

Result Academic Peformance

l

- W
| |

Figure 11: Model for Assessing Academic Performance

™

The initial activity begins by configuring all the parameters
used as model input. The configuration at the initial stage is done
by grouping the existing parameters into fuzzy groups (ax) and
conventional groups (bx). Furthermore, the configuration for
weighting is carried out to identify each weight value (W) of each
parameter and the total weight value for axis represented by
(3 Wruzy) and the total weight value for bx is represented by (3 W

Conventional) .

Furthermore, the counting operation for bx is carried out
separately from the FL Sugeno method. The calculation is done by
multiplying the number of CV against the (W conventionat) Value to
produce the total effect value of bx on academic performance

(2(bx)).

The counting operation using the FL Sugeno method for ax is
carried out in the next step. The main concept of the FL. method
includes the "fuzzy - inference - defuzzy" stage which is carried
out sequentially based on the fuzzy rules created. The rules then
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produce a FAP value based on fuzzy input parameters. At the end
of the Sugeno FL method, the FAP value is used to multiply the
(> Wruzzy) value to produce the total effect of on academic
performance ((ax)).

The final process of assessing academic performance is carried
out by adding up the respective values of (3 (ax)) and (D (bx)) that
were successfully obtained in the previous stage. The final result
of the academic performance appraisal is formed as a DV which is
in the form of a linear or constant equation. DV based on the
determination of the index value for the performance criteria is
determined. Where the good performance criteria have an index
value of 80 while the bad performance criteria have an index value
of 50. The sample results from our calculations are shown in Figure
12.

80.00 7108 70.85 70.73 70.73 70.73
o 70.00 61.48 61.71
< 60.00 54.26
“3 50.00 44.41 44.29
S 40.00
5 30.00
'§ 20.00 I I I
10.00
0.00
1 2 3 4 5 6 7 8 9 10

Sample Student's Record

Figure 12: Result Assessing for Academic Performance

The bar graph in Figure 11, represents the 10 data cases used.
The visualization on the bar graph in Figure 11 shows that our 5
test data resulted in good academic performance scores with the
highest score at 71.08, 2 data are poor academic performance
scores with the lowest score at 44.29, with an average of 62.03
results for the assessment of academic performance that we have
done.

4.2. Discussion

The measurement of AP results in the classical method is
usually expressed in numerical form (GPA) obtained at the end of
the learning period [15]. Therefore, it can be said that the classical
method is a form of presentation based on the comparison of
student performance results with the predetermined standard
performance value category.

The academic performance assessment of FKIP students at
Mulawarman University focuses more on the indication of the
achievement of GPA. Policymakers tend to focus more on the GPA
score. That makes various policies focused on increasing the GPA
over a period of time.

One shortcoming is found for the classical method used in the
current AP assessment. Where it only focuses on increasing the
GPA score in a certain period without any criteria instead of using
the GPA indicator for the final result[16]. While the GPA indicator
is an assessment of university accreditation as well. However, the
supporting factors of achieving GPA scores are not used such as;
gender, hometown, sibling, family status, residence, father
education, mother education, family income, motivation, mileage,
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traveled time, transportation, scholarship, community, social
media, and hang-out. The results of the model assessment of AP
from the GPA of the results of the conventional method are
compared and displayed in Table 7. It is proven academically, that
PA produced by the constructed DSM does not has similar rank
(priority) to PA measured based on GPA.

Table 7: Comparison of Assessing Performance

No Performance Performance
(Fuzzy Logic Sugeno Method) (Classical Method)
1 71.08 3.56
2 70.85 3.15
3 70.73 2.98
4 70.73 3.46
5 70.73 3.56
6 61.71 2.96
7 61.48 2.97
8 54.26 2.89
9 44 .41 2.41
10 44.29 2.46

Table 7 shows that the results of the academic performance
assessment using the model we built can be a solution. That can be
used practically. As well as it can give freedom to academics as
policymakers to be able to assist in the process of academic
performance evaluation by providing the results of an effective
approach. The final results of the assessment are carried out using
various parameters outside of the educational factors for the
family, economic, social, and environmental factors that we
calculated on the model.

We identify the influence great value of each parameter from
the fuzzy group (ax) and the conventional group (bx) on our AP
assessment (Figure 12). The symbolized parameters refer to Table
1. The Traveled Time (P11) parameter has a significant effect by
being the second largest influencer (0.27696) on ax after the CGPA
parameter (P17) which has an effect of (0.32969), which
simultaneously is the main indicator in making an assessment AP,
while the social media parameter (P15) is the smallest one
(0.2308).

In (bx), each parameter does not seem to have much influence
on the AP assessment, with the Scholarship parameter (P13) as the
biggest influencer (0.03398) and the Residence parameter (P5)
giving an effect of (0.00026). Figure 12 shows that the AP
assessment process is heavily influenced by various parameters on
ax with the influence great value of ax is (0.88100) and the
parameter on (bx) has little effect (0.12000) on the AP assessment.

Besides the various parameters that we use, which are
parameters related to academic performance from various factors
such as social, family, economic, and educational environments.
Many studies have been carried out related to academic
performance by proposing to use parameters derived from
educational factors themselves.

According to research that has been done [16], [17], and [18],
the assessment of academic performance is influenced by factors
originating from the educational side which includes, record of
student semester scores. [8] stated that the use of the parameter of
semester scores is relevant in conducting performance appraisals.
Where the semester scores in learning period 1 60% affect
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performance results while 40% of semester scores in periods 2
affect academic performance results.

0.04136
0.05371

0.03585 F7

0.06018

0.88100
0.27696

P15

0.02308

0.32869

0.02721

0.00177 4
0.02296 0.01552

P4

0.00026

0.12000

0.01871

0.02437 0.00031

0.03398
Figure 13: Similarity Structure of Assessing Academic Performance

5. Conclusion

The process of assessing the results of student academic
performance is generally applied to universities using the classical
method (based on performance categories). The DSM model is
built using the FL method Sugeno technique which is a form of
practical solution that can be used in the world of education to
assess academic performance which is part of the AP evaluation
process.

As the model using the FL Sugeno method provides
advantages with the elastic properties. Thus, it can be adjusted to
the needs of the study while still providing sharp outputs as an
effective form of decision approach based on a series of fuzzy rules
from the input given to the output.

The academic performance appraisal process is carried out by
involving relevant seventeen parameters to the performance
appraisal based on validated previous research. Parameters are
grouped into fuzzy groups (ax) and conventional groups (bx). The
fuzzy group (ax) is identified to have a significant effect on the
assessment of academic performance compared to the
conventional group (bx) with only a slight influence on the
assessment process.
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