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Abstract. Assessment is an activity to find out the learning outcomes of a course.
Conventionally, assessment is done using a pencil and paper test. Along with the development
of information and communication technology, assessment can be done computerized, known
as Computer Based Test (CBT). The Computerized Adaptive Test (CAT) is one form of CBT
where the items given are chosen based on the students' abilities. This research aims to design a
system that can estimate the ability of students based on the parameters of the questions and
answers given. The estimation method uses the Mamdani Fuzzy Inference System (MFIS). The
input MFIS are a level of difficulty and discrimination of the questions, the probability of
students being able to answer correctly and the student’s answer, while the output is an ability
estimated. Based on this fuzzy system output, the next item questions will be determined
according to the ability of the students. 24 IF-THEN rules are used for fuzzy systems. CAT
simulations are carried out for Linear Algebra Course. The type of question given is multiple
choice. Giving items will be stopped if the value of the estimated ability of the students has not
changed. From the simulations carried out, it was obtained that, for one topic, the ability of the
student can be acquired with the number of questions as many as six questions. So that the
CAT system can minimize the time of the exam. reduce the subjectivity of the assessment and
can arrange for each student to get the questions according to his abilities.

1. Introduction

Assessment activity of learning outcomes in the cognitive/knowledge domain is usually done with
objective and descriptions test techniques with various gpes and carried out conventionally using
paper or also called a pencil and paper test. Along with the development of information and
communication technology, the assessment of student learning outcomes can be done computerized
(known as Computer Based Test/CBT). The use of CBT in examinations can reduce the subjectivity of
lecturers in conducting assessments, 1s not affected by the condition of the lecturers (tired, unfocused)
and certainly can reduce the use of paper (in accordance with environmentally friendly principles). At
CBT it is possible to randomize questions between one student and another student. In the sense that
every student is allowed to get a different sequence of questions. This can prevent students from
collaborating in completing the exam. However, the form of an exam like this can cause an inaccuracy
in giving questins and less efficient time between one student and another.

Computerized Adaptive Testing (CAT) is a test method for test participants that is managed based on
the level of participants' abilities [1]. Based on that, the score of the assessment of each examinee will
not be much different, both those with more and moderate abilities. This is because the system used in
CAT is able to recognize the level of participants' abilities so that the questions given is a matter that




can be done by the participants. The design of the CAT as an instrument for evaluating learning

outcomes has advantages including: (a) assisting lecturers in evaluating learning outcomes (reducing

subjective elements, not affected by lecturers' condition/tired or out of focus); (b) in accordance with

environmentally friendly principles because it reduces the use of paper in conventional examinations;

(c) can be integrated with online learning (e-learning) so that it allows students to conduct self-

assessment.

The main key to the CAT program is the computer's ability to provide the right questions "adaptively"

according to the estimation of test takers' abilities. In general, the CAT system consists of five main

?mponents, namely [2, 3, 4]:

. calibrated item bank,

2. the starting point,

3. item selection rule,

4. scoring, and

5. stopping rule.

Given 1 and 2, repeat 3 and 4 until 5 is satisfied.

At the stage of item selection, an algorithm is needed that can estimate the ability of the examinees so

that the items to be issued are adjusted to the abilities of the participants. The classic method of

knowing the level of participants' ability is to the Maximum Likelihood estimator (MLE) [3. 6].

Bayesian method used in [7, 8] to estimate participants' ability. In this research, estimation of

participants' abilities will be carried out using fuzzy logic. In general. Fuzzy Logic Control (FLC) has

four main parts as shown in Figure 1. The four parts have the following functions [9, 10]:

1. Fuzzifier functions to transform input signals that are crisp to the fuzzy set using the fuzzifier
operator. ?

2. The Knowledge Base containgj database and basic rules that define fuzzy sets of input and output
areas and arrange them in the control rules.

3. Decision Making is at the core of FLC which has the ability to be human in making decisions.
Fuzzy set actions are inferred using fuzzy implications and fuzzy inference mechanisms.

4. Defuzzier functions to transform conclusions about fuzzy set actions into actual variable that are
crisp by using defuzzier operators.
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Figure 1. Fuzzy logic control

2. Method E

In this research. the block diagram of the fuzzy logic system to estimate the ability of examinees as
shown in Figure 2. There are 4 inputs to fuzzy system, namely:

1. Item difficulty level (b;). with 3 levels namely easy. medium and difficult.

2. question discrimination (a;), with 2 levels namely satisfactory and good.

3. Probability of the examinees answer the question correctly (p,), calculated using Equation 1 [6].




e 1.7a;(6- b;)

pl(e) = ¢; T+ (1 - Cf)mﬂ-—l?r;j i=123,..n (l)

where,

pi(@): the probability that the student has the ability & to answer the item 7 correctly
0: student’s ability estimate

by item difficulty level

ay: item discrimination

¢ guessing factor

n: the number of items

e: 2718

The parameter ¢ is worth 0.25 because there are only 4 possible answers on each questions (multiple

choice questions). This input is divided into two categories namely minimum and maximum.

4. Participant’s response or answer (r;), if the correct answer is worth 1, whereas if the wrong answer
is 0.

Input 1 and mput 2 are the question parameters.
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Figure 2. Block diagram of the fuzzy estimate system

Fuzzy system output is the estimated value of the participant's ability (#). This output is divided into 5
levels namely Very Low (VL), Low (L), Average (Av), Great (G) and Excellent (Ex). These five
output levels adjust to the values in the student scoring system, which is from the highest value A to
the lowest value E. While the values BEf- and D are in the two values.

The membership functions of the four mputs and one output can be seen in Figure 3 to Figure 7.
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Figure 3. The membership function of input variable “item discrimination”
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Figure 4. The membership function of input variable “item difficulty level”
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Figure 5. The membership function of input variable “Probability™
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Figure 7. The membership function of output variable “participants' abilities level”
Based on the above input-output fuzzy system, fuzzy system rules are then compiled to estimate the

ability of the examinees. There are 24 fuzzy IF ... THEN ... rules, as summarized in Table 1. The value
1 in Table 1 shows input or output at that level. For example, rule number 1 states that,




IF discrimination is satisfactory AND difficulty is easy AND probability is minimum AND response is
wrong THEN ability 1s very low.

The logic that underlies rule number 1 is that if an exam participant is given an easy question and
he/she answers incorrectly, the level of ability is very low. Other fuzzy rules are built based on
relevant logic.

Fuzzy system designed using Mamdani fuzzy model with the defuzzification process using center of
gravity defuzzyfier.

Table 1. Fuzzy system rules

Rule Input Output
No.  Discrimi Difficulty (b) Probability ~ Response Ability (8)
nation (a) §2) (n
G S H M E Max Mmn R W VL L Av G Ex
1 1 1 1 1 1
2 1 1 1 1 1
3 1 1 1 1 1
4 1 1 1 1 1
5 1 1 1 1 1
6 1 1 1 1 1
7 1 1 1 1 1
8 1 1 1 1 1
9 1 1 1 1 1
10 1 1 1 1 1
11 1 1 1 1
12 1 1 1 1 1
13 1 1 1 1 1
14 1 1 1 1 1
15 1 1 1 1 1
16 1 1 1 1 1
17 1 1 1 1 1
18 1 1 1 1 1
19 1 1 1 1 1
20 1 1 1 1 1
21 1 1 1 1 1
22 1 1 1 1 1
23 1 1 1 1
24 1 1 1 1 1

3. Result and Discussion

The design of fuzzy system to estimate the ability of examinees, then simulated using system
simulation software. For simulation purpose, we use the item bank for Linear Algebra Course. There
are 177 multiple choice questions for six topics, namely vector, matrices concepts, matrices operation,
determinant, inverse, and matrices applications.

We can see the results of this simulation to what extent the fuzzy system that is built can produce the
expected output. As the first question, a question with a moderate level (Medium) is chosen and the
probability of correct answer = 0.5. Table 2 to Table 4 shows the different scenario of simulation for
the Vector topic.

The first scenario 1s if the answer continues right (see Table 2). In this case, the difficulty level of the
question will increase (medium to hard level) along with the increase in the estimation of participants'




abilities (6). The test for this subject will stop at the fourth question, because at that time the estimated
ability value () has not changed anymore.

Table 2. Simulation results of vector topics if response continues right

Stage Level No. of a b p r c 0 AD
Question

1 M 16 038 -0.4055 05 1 0,25 1.874

2 H 28 0.1 1,736 0.6294 1 0,25 2,207 0,333

3 H 29 0.1 29444 06015 1 025 24589 02519

4 H 30 0.1 29444 06095 1 0.25 24589 0

The second scenario is if the participant's answer is wrong. In Table 3 can be seen that the level of
difficulty of the question will go down (from medium to easy) along with the decrease in the
estimation of the ability of the examinee (0). The test will stop at the third question, because the value
of (0) no longer changes.

Table 3. Simulation results of vector topics if response continues wrong

Stage Level No. of a b p r c %] AD
Question

1 M 16 0.8 -04055 05 0 025 -1,0786

2 E 12 0.5 -1.0986  0.6282 0 0.25 -1.8853  -0.8067

3 E 8 0.3 -1,7346  0.6105 0 0,25 -1,8853 0

The third scenario is if the participants' answers are right and wrong alternately (see Table 4). This
results in the estimation of the ability (0) to change continuously or A8 will not reach zero. Likewise
the level of difficulty of the problem will be fluctuating (medium - hard - medium). In this third case,
the procedure for stopping the exam is if the number of questions has reached 6 items.

For other topics (namely matrices concepts, matrices operation, determinant, inverse, and matrices
applications). we obtain the simulation result that tends to be the same as the results on the vector
topic.

Table 4. Simulation results of vector topics if response right and wrong alternately

Stage Level No. of a b P r c a AD
Question

1 M 16 038 -0.4055 0,5 1 025 20819

2 H 28 0.1 1.7346 0,6360 0 025 02873 -1,7946
3 M 21 0.8 0.,4055 0.5949 1 0,25 24589 2,1716
4 H 29 0.1 2.9444 0.6095 0 0,25 0,6657 -1,7932
5 M 26 0.3 0,619 0.6294 1 0,25 L5 0.8343
6 H 30 0.1 2.9444 0,5791 0 025  0.6657 -0,8343

4. Conculusion

It has been successfully designed a Computerized Adaptive Test (CAT) with an estimation of
participants' abilities using the Mamdani Fuzzy Inference System. The simulation process was carried
out for Linear Algebra Courses with 6 topics, namely vector, matrices concepts, matrices operation,
determinant, inverse, and matrices applications. The simulation results show that for each topic at
most 6 questions are delivered and the system has been able to know the participants’ abilities.




References

[1]
(2]
[3]

[4]
[3]

Balas-Timar D V and Balas V E 2009 Ability estimation in CAT with Fuzzy logic Proc. Int.

Symp. Comput. Intell. Intell. Informatics pp 5562

Cisar S M, Radosav D, Pinter R and Cisar P 2012 Computer adaptive tests: a comparative study

IEEE 10th Jubil. Int. Symp. Intell. Syst. Informatics pp 499-504

Eggen T T H M 2012 Computerized Adaptive Testing [tem Selection in Computerized Adaptive
Learning Systems Psychom. Pract pp 14-25

Van Der Linden W J and Pashley P J 2010 Elements of Adaptive Testing

Hambleton R K, Swaminathan H and Rogers H J 1991 Fundamentals of Item Response Theory
(California: SAGE Publications)

[6] Baker F B 2001 The Basic of Item Response Theory (ERIC)

[7]  Vander Linden W J 1998 Bayesian item selection criteria for adaptive testing Psychometrika
Vol 63 (2) pp 201-216

[8] Veldkamp B P 2010 Bayesian item selestion in constrained adaptive testing using shadow tests
PsicologicaVol 31 pp 149-169

[9] Passino K M and Yurkovich S 1997 Fuzzy Control (Boston: Addison Wesley Logman)

[10] Jang J SR, Sun C T and Mizutani E 1997 Neuro-Fuzzy Fuzzy and Soft Computing: A
Computational Approach to Learning and Machine Intelligence (New Jersey: Prentice Hall
International)

knowledgments
uthors are grateful to the Research Institute and Community Development of ghe State University of
Gorontalo and Directorate of Research and Community Development — Ministry of Research,

Technology and Higher Education Republic of Indonesia for providing financial support to complete
this research.




Ability Estimation in Computerized Adaptive Test using Mamdani
Fuzzy Inference System

ORIGINALITY REPORT

0., 2, 2, 4,

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

.

theartsjournal.org

Internet Source

1o

E)

Submitted to Universiti Teknologi Malaysia
Student Paper

1o

e

Submitted to University of Central Lancashire
Student Paper

1o

=

Submitted to University of Leicester
Student Paper

1o

Submitted to University of Sheffield
Student Paper y <1 %
sychology.wikia.com
n IFr?ter}r:et Sourcegy <1 %
Lecture Notes in Electrical Engineering, 2016.
Publication g g <1 %
B Submitted to Universiti Teknikal Malaysia <1 o
0

Melaka

Student Paper




n Hakan Isik, Esra Saracoglu, inan Guler. "Design <1 o
of Fuzzy Logic Controlled Thermoelectric Renal °
Hypothermia System", Instrumentation Science
& Technology, 2008

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



	Ability Estimation in Computerized Adaptive Test using Mamdani Fuzzy Inference System
	by W Ridwan

	Ability Estimation in Computerized Adaptive Test using Mamdani Fuzzy Inference System
	ORIGINALITY REPORT
	PRIMARY SOURCES


