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Abstract

Choosing a major or interest at the beginning of High School is a very important process for the future
development of students. A test may be performed to determine the learner's ability in a particular field in this research,
an interest test was developed to determine the students' ability in science. Students will be measured for their cognitive
ability in Mathematics and Science subjects for junior high school level. The research was developed using an adaptive
test system called Computerized Adaptive Testing (CAT). CAT is an adaptive media-based model, test participants
will receive the test according to their ability. The test item selection procedure uses the fuzzy algorithm using item
difficulty parameters, item strengths and participants' response data as input data. While the rule or procedure for
terminating the test is done with the maximum likelihood estimation method, MLE. Based on the test results, each
student received different test items according to their ability level and the difficulty indexs that received by the students
according to the characteristics of the item information. Therefore, the CAT program with the fuzzy item response
theory can be used as a support for measuring the students' ability and interest in a major.
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1. Introduction

As the world and information technology evolve, there has been a change in human behavior over
time. It has also changed the development of the education system in the world and particularly in Indonesia.
These changes can be seen from the changes in the education system, which include learning, teaching,
curriculum, learning methods, learning tools, facilities and infrastructure, as well as graduate competence
from time to time. The current curriculum in the education system in Indonesia not only emphasizes on the
achievement of quantitative goals in the form of test scores of a number of academic subjects, but also
emphasizes on process-based assessments and student achievement [1]. Learners are given more
opportunities to select subjects that they are interested in, to study and develop their potential more flexibly
based on their general basic skills (intelligence), talent, interests and personality characteristics.

The function of education is not only in the teaching learning process, but it also includes guidance
/ counseling, selection and placement of students according to their individual capacities. The selection of
interest at the beginning of the Secondary School or High School enrollment is essential process for the
future development of the students. This is because majoring can be a reference for each student for further
study. In addition, students who study a subject that they are passionate about will enjoy it, so that students
will be able to develop their potential and perform well.

Test is set of planned questions to obtain information on trait (educational or psychological
attributes) in which each of the questions has a certain answer regarded as correct [2]. According [3] test
may be performed to determine the learning achievement or competencies that the learners have achieved
in a particular field. Test results are information about the characteristics of a person or group of people in
terms of their cognitive abilities or skills. Reference [4] shows that cognitive domain learning is oriented
to thinking ability, including simpler skills and problem-solving skills. This testing activity is one of ways
of predicting the learner's ability level indirectly, in response to a number of stimuli or questions. Test
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results are expected to produce data with as little error as possible. Therefore, to get accurate data requires
a valid and reliable test.

The use of computer technology to improve the quality of test results has been extensively done.
In the advanced technology and information era, it is very feasible to conduct a computer-based test [5].
According [6] [7] and [8] states that the test using a computer not only able to generate test that quickly and
accurately, but also can improve the effectiveness and efficiency of the implementation and maintenance
of the test. Currently test administration is moving from paper and pencil test to computerized.

In this form, the computer is used to display similar test items to those on the test paper. This kind
of test model still doesn't feel proper, because the order of the test items appearing over time does not
change, making it easy to memorize. The mechanism of retrieval of test items from a bank database is either
sequential or random, according to the theory of measurement that reduces the validity of the test results.
All test participants will receive the same set of test items or equivalents so that there is still a mismatch
between the difficulty level and the ability of the test participants. Such measurements become inefficient
because each item is presented in large quantities and cannot provide enough information to distinguish the
test participants' ability to scale. High-ability test participants get a few simple questions so they have a
small chance of answering the wrong thing. Similarly, low-test participants will find some difficult
questions that they have little chance of answering correctly. Items like these do not provide enough
information about the level of ability of the test participants.

Based on observations on programs used by agencies / institution based on computer-based testing,
there are a few things that need to be studied and researched further. One of them is the random process of
retrieving test items from the database of banks in computer-based testing. To solve this problem, in this
study developed an adaptive test system, called the term Computerized Adaptive Testing (CAT). CAT is
an adaptive-based medium where test participants receive test questions according to their ability, [9]. [10]
further explains that CAT-based testing can improve efficiency and accuracy and practicality in its
implementation. In this study, the interest test developed using CAT is to find out the students' ability in
science. Students will measure their cognitive abilities in math and science subjects.

Some rules and procedures are set in the development of CAT, including test starting rules, test
item selection procedures, and test delivery rules. The starting rule was by providing a pre-test to measure
the initial ability of the test participant. Rules of selection of test items using fuzzy Algorithm with
granularity parameters, different items strengths and participants' response data as their input. Fuzzy logic
algorithms are used because they are suitable and appropriate for problem solving that map the qualitative
values of one's cognitive ability (low, medium, and high) into quantitative values [11]. While the rule or
procedure for ending the test and estimating the student's ability is done with the maximum likelihood
estimation method, MLE.

2. Research Method

The development of computerized adaptive testing methods for measuring students' ability in this
research consisted of three stages, namely (1) preparing a bank of test materials, (2) selecting test items
using Fuzzy CAT, and (3) estimating student ability.

2.1. Preparing an Item Bank of Test Materials

Item bank (test materials) is a system that contains items, from a test that has a specific purpose,
including its utilization system [12]. In developing a question bank, the details of the existing questionnaire
were compiled into a test device and then tested. A test device is a good idea if it has good questionnaire
characteristics, so it needs to first perform a characteristic analysis of the item. This is possible with both
classical and modern approaches (item response theory) [ [11], [13], [14], [15], [16], [17], [18], [19], [20],
[21], [22], [23]. But as science and technology advance, the use of item response theory approaches is
increasingly popular. There are three assumptions underlying the theory of particle response, namely,
undimensionality, local independence and parameter invariance [22]. In item response theory, the
relationship between probability of responding correctly on a given ability scale is related to the relation to
the item parameter used. Many of the parameters used are defined by the model equation.

The assumption of undimensionality can be proven by using factor analysis to see the eigenvalues
of the inter-particle covariance matrix. Data analysis with factor analysis was preceded by sample adequacy
analysis. This study would prove the unidimensional assumptions in the test participants' data on
Mathematics and Science. Testing devices were tested using CBT for 770 high school students in
Yogyakarta city. The test participants' response pattern data were calibrated with program R. The following

DOI: 10.24014/COREIT.V912.27258
55



Jurnal CorelT, Vol.9, No.2, December 2023
ISSN 2460-738X (Print)
ISSN 2599-3321 (Online)

questionnaires that met the ideal criteria were those with different power levels in the range of 0 to 2 and
difficulty levels of -4.0 to +4.0 were selected as items - bank questions / test materials about CAT
requirements.

2.2. Selecting Test Items using Fuzzy CAT

According to [24] and [25] adaptive testing is a test conducted for test participants whose questions
/items are determined based on the participant's initial answers/ responses. Computerized adaptive testing
not only efficiently shorten testing time and reduce the number of test items but can also accurately predict
test participants' ability [26].

In CAT, the computer is set up to select and provide questionnaires, and the computer will then
calculate and code the test participant's answers. The questionnaire given to the test participant is a
questionnaire that is tailored to the test participant's response to the previous item. If the item is answered
correctly, then the item is presented with a higher level of difficulty. If the questionnaire is answered
incorrectly, it will be presented with the item with a lower level of difficulty [11]

By using fuzzy algorithms, the choice of questionnaire becomes quite different. The inputs for this
algorithm are different strengths items, difficulty level items and test participant response. These parameters
are processed through the membership function in a fuzzy set. The output obtained is the assurance of test
items having different power and difficulty level up or down depending on the response of the test
participant. The output is done by an inference mechanism based on the fuzzy algorithms in the form of the
next test item to be given to the test participant.

The inference system also known as fuzzy control is a mechanism in fuzzy logic for decision-
making. The inference model used in this study is Tsukamoto [27]. The fuzzy logic algorithm for generating
output is done in four stages, namely:

a. Formation of fuzzy assemblies. The input variables and the output variables are divided into one or
more fuzzy sets, which are based on the selected membership function.

b. Implications, namely, the formation of rules, based on knowledge. According to the Tsukmoto
method, the implication function used is min (smallest value)

c. Inference, the affirmation of a decision based on the rule base is a set of rules used as the basis for
making an inference.

d. Defuzzification is the affirmation of the inference result based on the weighted average value

Input from the defuzzification process is a fuzzy set derived from the mechanism of inference to
the composition of fuzzy rules. The output generated from this defuzzification process is a number in the
domain of the fuzzy set. If given a fuzzy set in a particular area, then a certain crispy value can be extracted
as a result of the defuzzification process.

The steps for selecting test item with fuzzy logic are as shown in figure 1 below:

Choice of the first Presenting the E:g:datmgon abltl;g
item from item bank " selected item

; respons
Database
of ltem
Bank

Fuzzy knowledge
base

A 4

Selecting items

> based on fuzzy
algorithm

> Inference system

Figure. 1. The steps for selecting a test item with fuzzy logic

Based on Figure 1, the CAT item selection process with fuzzy logic algorithm starts with selecting
the first questionnaire from the question bank. Once the questionnaire is selected, the questionnaire is then
given to the test participant. Participants respond (right or wrong) to the questionnaire, and then the level
of ability of the participant is re-estimated. Based on the details of the problem details, the different
strengths of the test items and the response of the test participants, the parameters are processed through
the fuzzy logic function. The output is done by the mechanism of the inference system based on the fuzzy
algorithm in the form of the next test item that will be passed to the test server. This process is continuous
and discontinued once as many specification items have been provided or after the precision of the ability
level or the standard error of desired measurement has been achieved.
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2.3. Students’ Ability Estimation

Item response theory (IRT) is a psychometric theory that provides the basis for measuring the scale
of test participants and questionnaires based on the responses given to them. Modern test models with IRT
are distinguished by the number of parameters. namely the model one logistic parameter (1 PL or Rasch
model), two logistic parameters (2 PL), and three logistic parameters (3 PL) [22]. [28] mentioned that the
parameters are difficult items, different strength items, and guesses. This study uses the IRT model for
dichotomous problems of two logic parameters (2PL) namely difficult items and different strength items
according to [27], [28], [29] is mathematically formulated as follows:

eai(G—bi) .
PL(Q) =m 5 121,2,3,....,1’1 (1)
Description:
P;(8) :Probability of test participants having 0 ability to answer item i correctly
6 : Subject ability level (as a free variable)
a; : discriminant parameter item i
b; : Index of difficulty of item i
e : natural number is close to 2,718
n : number of items in a test

The b; parameter is a index of difficulty of item i is point on ability so that the probability of
answering correctly an item is 50% [30]. The higher b; indicates more difficult an item and needed greater
ability to answer this item. The ai parameter is an item characteristic related to the item's ability to
emphasize differences between participants who can answer correctly and answer incorrectly.

The three IRT concepts used in CAT development are (1) information function item (FIB), (2)
standart error measurement (SEM), and (3) ability level estimation. The information function item is
expressed as I;(0), which is a function that provides information by item i on 6. [20] state that each item
has information on how well the item can differentiate between test takers with similar capabilities at
different levels of ability. Mathematically, the item information function satisfies the following equation

_ [Pir@®)1* . -
Ii(g) - Pi(6)Q:(6) ° 1 1,2,3,...n (2)
Description:
Li(0) : information function on item i
Pi(0) : chance participants with ability to 8 correctly answer the item i

Pi’(8): derivative of function Pi(6) toward 0
Qi(6)  : chance participants with ability 6 wrongly answer the item i

Equations (1) and (2) show that the value of information depends only on the parameters of items
(a and b) and their capabilities. Thus, for each level of ability (), the information contribution to each bank
item can be calculated. The test information function is the sum of the functions of the test item's granular
information [23] which describes how accurate the test device is to estimate the level different capabilities.
The more information at a given ability levels the more accurate that ability is estimated from the test
device.

Standard Error of Measurement (SEM) is a standard error of measurement that has a close
relationship with the information function. The test information functions compared to the quadratic
inversion with SEM, so the more the test information functions then the SEM is smaller or vice versa. The
second relationship is stayed by [22]:

SEM(B) = JIL(_G 3)
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The assessment of students' abilities, first, is done by calculating the values of pi (6) and qi (0) of
each test item. The ability value () is taken in the range -3 to +3 with step 0.2. Furthermore, it is known
that the values of pi () and qi (0) and 6 can be calculated as the L values (L | U | 8) with the following
equation:

LU 0) =Tl piq ™" “4)

Based on the results L (U | 0) for the values of 6 from —3 to +3 then the test participants' estimated
ability is 6 from the highest (L |UB) results. So the character estimation of test participants' capabilities is
determined by the formula:

Estimation 8 = Maximum [L(U]| 6)]

The estimation states that the test participant's ability to characterize (8) answers to the max L (U
| 8) x 100% questionnaire correctly. On the contrary, the test participants' ability to (8) answer the [1-max
L (U] 6)] x 100% questionnaire was incorrect.

Determination of the degree of interest in exact (IPA) major based on the results obtained in
mathematics and IPA tests. The fuzzy logic algorithm determines the test participant's ability (KMP), which
is divided into 3 groups namely high ability (H) if KMP > 90, (2) medium ability (M) if 75< KMP <90, and
(3) low ability (L) ) if the KMP is <75. Students join the science interest group if they meet the requirements
as shown in the table 2

Table 2. Rule of Fuzzy

No Ability Interest

Mathematics Science Science
1 Low Low No
2 Medium Low No
3 High Low No
4 Low Medium No
5 Medium Medium Yes
6 High Medium Yes
7 Low High No
8 Medium High Yes
9 High High Yes

3. Result
3.1. Item Bank (Test Instrument)
Calibration using the R program resulted in 160 math questions and 151 exact (IPA) questions. A

summary of the statistical parameters bank items of the Empirical questionnaire is presented in Table 3 and
Table 4 below

Table 3. Statistic of Mathematics Item Bank

Parameter Mean Stan.dard Minimum Maximum
Deviation
Discriminant Index (a) 0,9350 0,3667 0,17 2,47
Difficulty Index (b) -0,3696 0,8256 -2,19 4,01

Table 4. Statistic of Science Item Bank

Parameter Mean Stan.daFd Minimum | Maximum
Deviation
Discriminant Index () 0.8063 0.38703 0,14 2,22
Difficulty Index (b) -0.318 1.16581 -3.88 3,86
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An item is said to be good if the level of difficulty (b) from -2 up to 2 [23]it can be concluded
every item has a normal difficulty level because it ranges from -2,19 up to 4,01. Likewise, the value of the
discriminant index (a), produced a good item from 0.7 up to 2.47. As reference, a good item has discriminant
index from 0 up to 2 [23].

Based on the analysis of sample adequacy in the math test the Khi-square value of Bartlet test was
29278,627 with degrees of freedom of 12720 and p-value less than 0.01, whereas for exact (IPA) subjects
the Khi-square value of the Bartlet test 26801,505 with degrees of freedom 12720 and p-values less than
0.01. This result indicated that the sample size used in this study was sufficient and the variables can be
further analyzed [31], [32]

KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 895
Bartlett's Test of Approx. Chi-Square 29278.627
Sphericity dt 12720
Sig. .000

Figure 2. KMO and Bartlett’s test of Mathematics Test

KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .828
Bartlett's Test of Approx. Chi-Square 26801.505
Sphericity df 12720
Sig. .000

Figure 3. KMO and Bartlett’s test of Science Test

Further, the number of questionnaires in the bank is classified into three groups based on the level
of item difficulty, which are difficult, moderate and easy level group. The results of the questionnaire
classification are presented in table 5 and 6 below

Table 5. Range of Mathematics Test Items

Group Frequency percentage
* Ease 32 20%
* Moderate 95 59,4%
« Difficult 33 20,6%

Table 6. Range of Science Test Items

Group Frequency percentage
* Ease 41 27,1%
* Moderate 80 53 %
« Difficult 30 19,9%

The distribution of the groups is quite good, with the proportion of items on the medium difficulty
level being higher than the items on the level of easy and difficult.

3.2, Result of CAT Simulation

The process that takes place in the CAT program starts from the test participants logging into the
system, performing math and Exact Science (IPA) tests, until they get the test results. The scenario is as
follows:

1. Selection of first test items based on students' ability at pre-test.

2. Students will be given 3 introductory questions to initialize students' abilities with easy, medium
and hard difficulty levels.

3. Student response to all three test items (Score = 1 if correct, and score = 0 if incorrect) can have
one of the following patterns: 000,001,010,011,100,101,110, or 111. If the pattern is 011, 101, or
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111 then the ability (8) = high, for the response pattern 110,010, or 001 then the ability (6) =

medium, and for the response pattern 100 or 000 the ability (8) = low

The pre-test (0) test result is estimated as the initial ability to provide the first test item. Test

participants can choose math or exact (IPA) test as their first test.

Display the first item, take the response of the test participant (ABCD), then confirm the response

with the answer key to get the score.

Secondary selection using fuzzy logic based on variable in terms of item difficulty level (b), power

/ strength different item (a) and answer response from previous item. If the bank in question does

not find the item with the difficulty level in question, it will retrieve the item nearest to the group.

Display the third item based on the answer to the second item, and do the same as point 6. The

probability that the score is 000.001, 100, and so on, or 111.

Calculate theta (three scores) with MLE formula, followed by SEM calculations.

Select the next item based on the third item's answer

Display the selected question, get feedback from the participants, and then confirm with the key

to get the score

Calculate Theta values from the last 4 scores, and calculate SEM values as well

Loop (repeat):

a. Repeat steps 8-11, and end the test if: (1) the number of problematic items is reached or (2) the
SEM value is less than or equal to 0.01.

b. Records the latest Theta and SEM values

Ability Estimation (Theta)
The method of estimating ability used in research is Maximum Likelihood Estimation (MLE). The

CAT results of the test participants for the math test are shown in table 7, the students' ability graphs are
shown in figure 4, the mathematical cognitive abilities in table 8, and the Function Graphs Likelihood Test
Item Response Graphs in figure 4.

Table 7. The CAT Result of Mathematics

No Item Code I{)ait;t:tlgs St:;t;:th Responce SEM FIB Theta
1 MATI156 -2.148 0.596 True 13.7196 [ 0.0053 3
2 MATO046 0.542 0.902 False 1.6501 0.3673 -1
3 MATO076 0.327 0.763 True 0.9680 1.0673 0.5
4 MATO091 0.533 0.872 True 1.0144 0.9719 1.5
5 MATO078 0.507 0.563 False 0.7863 1.6175 1
6 MATO17 0.326 0.792 True 0.7091 1.9889 1
7 MATO062 0.49 0.795 False 0.6031 2.7490 0.5
8 MATI137 -1.004 1.258 False 0.5984 | 2.7925 -0.5
9 MATO001 -1.041 0.897 True 0.5522 3.2801 0
10 MATO022 0.483 0.601 False 0.5326 3.5258 0
11 MATO045 0.297 0.87 False 0.5074 3.8836 -0.5
12 MATI113 -1.056 1.003 True 0.4731 4.4688 -0.5
13 MATO060 0.478 0.858 False 0.4564 | 4.8010 -0.5
14 MATI125 -1.09 1.533 True 0.4374 | 5.2270 0
15 MATO008 0.473 0.649 True 0.4260 5.5115 0
16 MATO028 0.463 0.809 False 0.4103 5.9395 0

MATO002 -1.091 0.886 True 0.4001 6.2475 0

18 MATO048 0.442 0.408 False 0.3964 6.3650 0

Table 7 above shows the history of student test results using CAT consisting of question number,

question code, difficulty level, different power, answer response, SEM, FIB, and Theta. In the first item,
the MAT156 question code has a difficulty level of -2.148, a power difference of 0.596, and the answer is
correct. The fuzzy algorithm was used to determine the next test item, and the second test item was chosen
as MATO046 with a difficulty level of 0.542. The selection of the second test item is in accordance with the
rule used, that is, if the answer response is correct then the level of item difficulty is increased. In the second
test item the student answer was incorrect and the difficulty level for the third test was lowered, and the
third test item was selected with the MATO076 questionnaire and item level of 0.327. The accuracy of item
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selection in this test is in accordance with [33] stating that CAT will adjust the presenting items to the
ability level of the test takers (theta).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Figure. 4. The Graph of Student’s Ability

Table 8. Student’s Cognitive Ability of Mathematics Test

Ability () | L(U|0) | L®|U)
-3 0.000000 | 0.0000
2.5 0.000000 | 0.0002
2 0.000000 | 0.0026
-1.5 0.000002 | 0.0244

-1 0.000009 | 0.1197
-0.5 0.000020 | 0.2840

0 0.000023 | 0.3215

0.5 0.000013 | 0.1815

1 0.000004 | 0.0551

1.5 0.000001 | 0.0098

2 0.000000 | 0.0011

25 0.000000 | 0.0001

3 0.000000 | 0.0000
Amount | 0.000072 | 1.0000

The students' ability estimation in using CAT depends on the difficulty level of the item that is
answered correctly and is not only determined by the number of correct answers. Figure 4 is a graph of the
test results of table 7, showing how students' ability estimated. Beside to being influenced by the answer,
ability estimation is also influenced by the difficulty level of the test items and the different strengths of the
test items. From item 14 to item 18 students' ability to converge, and to stop at item 18 because the
difference between SEMs in items 17 and 18 is <0.01. This result is supported by [34] where CAT generally
requires fewer items than long-form instruments and can achieve the same precision. CAT also optimizes
items are managed and can produce the most significant information in a measurement of the ability of test-
takers.

Based on Table 8 it can be seen that the maximum value of L (0 | U) is 0.3215 with an ability
position (8) of 0. If table 5 is graphed the Likelihood function will look like Figure5. The likelihood results
for values 0 from -3 to +3 (figure 5) represent the estimated ability of test takers, namely 0 from the highest
likelihood results (maximum). The likelihood value of 0.000023 indicates that the maximum Likelihood of
0.3215 and ability (8) is 0. This implies that the probability of students with the ability [8] = 0 to answer
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the test item correctly is 32%. Furthermore, Theta value (0) is converted in the form of numbers from 0 to
100. The conversion result for theta 0 is 50.

0.000025
0.00002 +
0.000015 +

0.00001

0.000005
0!
R T T R A N R
Figure 5. The Graph of Test Item Likelihood Function of Mathematics Test

The same thing was done in the Science (IPA) test, the results obtained as in table 9.
In item 14, the SEM was 0.4893. The difference of SEM value between item 14 and
item 13 is <001, so the IPA test is stopped. Based on 14 items which were done by the
test takers, there were 7 items which were considered as correct items and 7 items were
incorrect. The estimated ability value (8) is 1, and then converted to a value of 66.67.

Table 9. The CAT Result of Science Subject

Difficulty Item Respons
No Item Code Parameters Strength e SEM FIB Theta
1 BIO2052 -2.101 0.885 True 308,52 | 0,0011 3
2 BIO2057 0.553 0.227 False 28372 0,1251 0
3 FIS1012 0.339 0.82 False 13,315 | 0,5641 -1
4 BIO1018 -1.054 1.303 True 10,103 | 0,9797 0
5 FIS1007 0.619 0.807 True 0,9224 | 11,752 0.5
6 FIS2041 0.913 0.922 True 0,9264 | 11,651 1.5
7 FIS1011 1.018 0.772 False 0,7096 | 19,860 1
8 BIO1028 0.47 0.572 False 0,6523 | 23,501 0.5
9 FIS1004 0.266 0.636 False 0,6260 | 25,519 0
10 FIS2040 0.25 0.668 True 0,5819 | 29,537 0.5
11 FIS1008 0.694 0.908 True 0,5511 | 32,920 1
12 FIS2057 1.035 0.899 True 0,5080 | 38,756 1
13 FIS1001 1.202 0.573 False 0,4932 | 41,105 1
14 BIO1034 0.326 0.306 False 0,4893 | 41,761 1

Based on the results of Mathematics and Science tests, the test taker’s ability of both subjects
are in low level. The results then were analyzed by fuzzy algorithm (Table 2). Based on the analysis, it can
be concluded that the student is not proper to be included in the science class specialization.

4. Conclusion

Based on the results of the CAT program testing in this study, it can be concluded that the ability
of the CAT program with fuzzy response items theory, has been consistent with the item response theory,
namely that each student will receive different test items according to their ability level. In addition, the
degree of difficulty that the student receives depends on the characteristics of the item information. This is
in line with the nature of the CAT theory that demands adaptability in tests. The nature of the adaptability
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is embedded in the fuzzy theory of inference system that can determine the decision that each student should
receive the right number of items, and each student must receive the right test item according to their ability
characteristics.

The CAT program with the fuzzy item response theory developed in this study has been able to
work in accordance with these demands, so the CAT program with the fuzzy item response theory can be
used as a support for the students' ability to measure and interest.
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