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ABSTRACT  

The advancement of information technology had changed conventional methods of testing. Paper based testing and evaluation 

began to decline due to it takes longer time to process and providing feedback. This study aims to develop a computer-based 

adaptive test (CAT) to measure students' logical thinking skills in science learning. The CAT development process using the 

waterfall model covers four main activities, namely: (1) analysis, (2) design, (3) implementation, and (4) testing. The required test 

material is standardized through a series of trials and item analysis with item response theory (IRT) to obtain item parameters and 

characteristics which are then used as a database item bank. The procedure for selecting test items uses a fuzzy algorithm using 

the parameters of item difficulty, item difference power and the response of the participants' answers as input. Based on the 

results of the system testing, each student receives different test items according to their ability level and the difficulty level of the 

items received by students according to the characteristics of the item information. Validation Feasibility testing shows the 

highest grand mean value for student respondents for the use performance aspect was 4.5. This indicated that the result of 

performance aspects test had a fairly high consistency. The grand mean average value for all aspects, which was above 4, 

indicated that the development of CAT to measure students' logical thinking skills in science learning is feasible 
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Introduction

The development of science and technology today 

demands the ability of individuals to think 

logically and responsively in decision making and 

problem solving. The ability to think logically 

requires mindset skills and cognitive knowledge 

(Pezzuti et al., 2014) (Seyhan, 2015). The ability 

to think logically is needed by every individual to 

be able to solve various complex problems (Sezen 

& Bülbül, 2011)(Seyhan, 2015), such as the 

development of skills proclaimed by the 

Indonesian Ministry of Culture regarding the 

formulation of the 21st century learning paradigm 

which is oriented towards students' skills in 

gathering information, making hypothesis, think 

logically and collaborate to solve problems 

(Ministry of Education and Culture, 2013). This 

also makes one of the goals of science learning, 

namely to empower students' logical thinking 

skills(Parmin et al., 2017). However, in fact, 

based on Trends in the International Mathematics 

and Science Study (TIMSS) data, student science 

achievement in Indonesia tends to decline. The 

results of the 2011 and 2015 TIMSS data analysis 

in the cognitive realm (knowing, applying, and 

reasoning) show that the percentage of Indonesian 

students who answer correctly, especially in the 

aspect of reasoning abilities, is the part that has 

not been able to optimally (Martin & Mullis, 

2015). PISA (Program for International Student 

Assessment) Ranking in Science, placed 

Indonesia in rank 62 out of 70 countries (OECD, 

2018). It shown the low level of potential and 

students' ability in science as such that a 

breakthrough is needed to improve science skills. 

Mathematics and science are subjects that 

obviously create burden for students since 

students often have difficulties mastering them 

(Johnson & May, 2008). Students who have 

difficulty learning science need attention to 

improve their abilities. Conceptually, teachers 
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also find it difficult to provide students with an 

understanding of science. A teacher, to be 

successful, must be trained in every necessary 

dimension: knowledge, abilities, and relationships 

(Demkanin, 2018). Cognitive abilities can be 

developed through instruction as well as 

judgment. Assessment is carried out to determine 

the extent to which students have successfully 

received the knowledge provided by the teacher. 

A good test requires proper assessment 

construction and management. Paper-based 

assessment has many weaknesses in its 

application (Demkanin, 2018). By developing a 

test-based assessment system that can adapt to 

students' abilities, it supposed to provide the best 

solutions in the field of measurement. The 

development of computer-based systems for 

examinations to substitute paper-based 

examination systems has begun to be widely used, 

for example in English language (Jamieson, 

2005;Alwi et al., 2016). Advancement in 

computer technology really helps computer-based 

test, since it facilitates administrative processes 

easely, increase test security, and become more 

efficient (Khoshsima & Toroujeni, 2017). 

However, computer-based tests still prone to 

weaknesses due to it handles large number of test 

items and unable to provide sufficient information 

to differentiate student ability scales. Highly 

performance students get a few easy items so they 

have little chance of answering it wrong. 

Likewise, students who have low abilities will get 

some difficult questions so that they have a small 

chance to answer correctly. Items like this do not 

provide sufficient information about the student's 

level of ability. 

Computer-based test for measuring student 

abilities began to be developed by collaborating 

adaptive test models in the selection of items, 

which is called computer adaptive testing (CAT). 

Computer adaptive testing (CAT) provides a 

different form of test from computer-based tests 

that have existed so far. CAT is an adaptive based 

media where test participants will receive test 

questions according to their abilities (Thompson 

& Weiss, 2011). According to Wainer (Howard 

Wainer, 1990)(H Wainer et al., 2007) adaptive 

testing is a test which the following questions / 

items are determined based on the participant's 

initial answer / response. Computerized adaptive 

testing able to efficiently shorten the testing time 

and decrease the number of test items (Cella & 

Gershon, 2007) it can also accurately estimate the 

ability of the examinee (Gibbons Robert et al., 

2013) and produce the most significant 

information in measuring the ability of the 

examinee (Haley et al., 2011). CAT has 

characteristics, namely (1) provides a question 

bank containing a collection of test items 

equipped with statistical characteristics, (2) 

provides rules for starting the test, whom each test 

taker does not have to start from the same test 

item, (3) selects following test items based on the 

answer/ response to the previous item, if the 

response is correct then the next test item is more 

difficult and if the answer is wrong then the next 

test item is easier. This system is carried out using 

Item Response Theory (IRT) (Thorpe & Favia, 

2012)(Wauters et al., 2010). The test ends when 

the stopping rule has been reached. 

To measure students 'reasoning abilities in 

science, the test items installed in CAT must be 

able to measure students' high order thinking 

(HOT). Rationally modified multiple-choice tests 

are considered to be a further development of this 

type of test and aim to measure students' abilities 

at all cognitive levels, especially higher-order 

thinking levels. A good test is a test that can 

accurately measure the test taker's skills, in which 

the test difficulty index is paired with the test 

taker's ability. The mechanism of giving is that 

the item difficulty level will be increased when 

the test taker answers correctly, and the item 

difficulty level will be lowered if the test taker 

answers incorrectly(Haryanto, 2011). In addition, 

a good test must consider the steps to complete 

the test item. Innovative testing methods can 

determine the success of measuring student 

abilities; thus, it is necessary to develop an 

instrument to measure logical thinking skills in 

science using CAT. 
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Literature Review 

 This study aims to develop CAT to 

measure the logical thinking skills of students in 

grade 9. CAT was developed using the Pressman 

model (Pressman, 2012), namely the waterfall 

model which is also called the classic life cycle. 

This model covers four main activities, namely: 

(1) analysis, (2) design, (3) implementation, and 

(4) testing. Initial research was conducted to 

determine the need for a system that functions as 

a need assessment. The analysis phase includes a 

needs analysis and CAT media that are valid, 

feasible, and efficient to measure students' 

abilities. The design stage includes CAT 

development planning and an assessment system 

using dichotomous data. The implementation 

phase includes the question bank database 

building stage and the CAT application, followed 

by the CAT application testing phase involving IT 

experts, teachers, and students. 

The scope of questions includes science subject 

under  junior high school curriculum. It consists 

of physics, biology, and chemical materials. The 

sample of this study was 320 junior high school 

students from 2 public schools and one private 

school in Yogyakarta Province, Indonesia. 

Students were selected using purposive random 

sampling technique from grade 9 since they 

supposed to mastered of all science materials.. 

Student responses are used to calibrate the test by 

estimating the item parameters. 

 

Item Response Theory (IRT) 

Item Response Theory (IRT) is a psychometric 

theory that provides a basis for measuring the 

scale of test takers and questions based on the 

responses given to these questions Hambleton, 

Swaminatan, & Roger (Hambleton et al., 1991) in 

(Retnawati, 2014) states that there are three 

assumptions underlying the item response theory 

namely unidimensional, local independence, and 

parameter invariance. Modern testing models with 

IRT are distinguished based on the number of test 

item parameters, namely a one-parameter model 

(Rasch model), two parameters, and three 

parameters. Van der Linden & Hambleton 

(Linden et al., 1997), states that these parameters 

are item difficulty, item difference, and 

guesswork. The IRT model for the two-parameter 

dichotomy test items (item difficulty, item 

difference power) is as follows 

𝑃𝑖(𝜃) =
𝑒𝑎𝑖(𝜃−𝑏𝑖)

1+ 𝑒𝑎𝑖(𝜃−𝑏𝑖)    ; with i = 1, 2, 3,…., n                 

….1) 

Information: 

𝑃𝑖(𝜃) : the probability of the test taker who has 

the  ability θ to answer item i correctly 

𝜃 :level of subject ability (as independent 

variable) 

n : the number of items on the test 

e : a natural number whose value is closer to 

2.718 

𝑎𝑖: difference power index from item i 

𝑏𝑖 : difficulty index from item i 

Calibrated items will be stored in the question 

bank database. The question bank does not only 

store a set of items whose characteristics are 

known, but also in the form of a system that 

organizes the storage of items both from hardware 

that is ready for use, utilization of items, and 

deletion of items that are no longer usable. There 

are several ways to select items from the question 

bank to be assembled into test kits, one of which 

is to use the value of the information function. 

The item information function is a method for 

explaining the strength of an item on a set of 

questions and expressing the strength or 

contribution of items in revealing the latent ability 

(latent trait) as measured by the test. Through the 

item information function, it is known which 

items match the model so that it helps in selecting 

test items. Mathematically, the item information 

function fulfills the following equation 

 

𝐼𝑖(𝜃) =
[𝑃𝑖′(𝜃)]2

𝑃𝑖(𝜃)𝑄𝑖(𝜃)
  ;  i = 1,2,3,…n    ……….2) 

 

Computerized Adaptive Testing  

Computerized Adaptive Testing (CAT) is a 

method of testing or evaluation using adaptive 

information technology(Oppl et al., 2017). 

Adaptive means that giving the next test item 
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depends on the test taker's response to the 

previous question so that the test given to each 

participant can be unique based on the ability 

level of each participant. 

The input to this algorithm is the item difference 

power, the difficulty level of the items and the 

response of the test takers' answers. These 

parameters are processed through a membership 

function in a fuzzy set. Determination of the first 

test item for the specialization test is carried out 

by providing a pre-test (PreTest) to the test takers. 

PreTest consists of three items with easy, medium 

and difficult levels. The PreTest results are used 

as an initial estimate of the test taker's ability and 

the first test item given will be adjusted to the 

results of these estimates. The output obtained is 

the certainty of the test items that have different 

power and the level of difficulty of the items 

increases or decreases depending on the response 

of the test taker's answers. If the answer is correct, 

the item difficulty level will be increased by 0.2 

points, and if the answer is wrong, the item 

difficulty level will be decreased by 0.2 points. 

Based on the results of research (Suhardi, 2020) 

said that the use of stepsize as an alternative 

strategy for item selection in addition to making 

items appear more varied, it is also to increase test 

safety on CAT. 

The fuzzy inference model used in this study is 

Tsukamoto (Yan et al., 1994)(Arya et al., 2014) 

through four stages, namely (1) Fuzzification, (2) 

Implication, (3) Inference, and (4) 

Deffuzification. The formation of fuzzy sets 

(fuzzification) is the stage for determining the 

membership value of a variable value. Fuzzy set 

variables in this research are item difficulty level 

(b), item difference power (a) and test taker 

ability (θ). The qualification of the test items was 

classified based on the difficulty level of the 

items, namely easy, medium and difficult. Good 

grain difficulty classification has been set -4 to 

+4. Besides that, it is also based on the difference 

in the test items which are classified into low, 

medium, and high, having a range of 0 to 2. The 

next stage is Implication, which is the formation 

of rules, based on the knowledge base (If - Then 

rule). Next is Inference, which is to determine the 

extent of the possible area based on the degree of 

implication function results. The final result will 

be returned to a crisp value which is called 

defuzzification using the average center model. 

Estimation Ability (Theta)  

The method of estimating the ability used in this 

study is the Maximum Likelihood Estimation 

(MLE). Assessment of students' abilities is firstly 

done by calculating the value of pi (θ) and qi (θ) 

from each test item. In this study, two parameters 

were used, namely: difference power (ai) and 

difficulty index (bi), so that the calculation of the 

value of pi (θ) (the chance of a test taker with the 

ability character [θ] to answer the test item i-

correct) and qi ( θ) (the chance that a test taker 

with ability character [θ] will answer the item in 

the “i th “ test incorrectly) is (Linden et al., 1997): 

 

𝑝𝑖(𝜃) =
1

1+ 𝑒−𝐷𝑎𝑖(𝜃−𝑏𝑖)
           …………(3) 

𝑝𝑖(𝜃) + 𝑞𝑖(𝜃) = 1                    …………(4) 

 

The ability value (θ) is taken in the range -3.00 to 

3.0 with steps 0.5. Furthermore, knowing the 

value of pi (θ), pi (θ), and θ can be calculated the 

value of Likelihood L (U | θ) with the formula: 

 

L(U| θ) = ∏ 𝑝𝑖
𝑛𝑞𝑖

1−𝑛𝑛
𝑖=1       …………..(5) 

 

Information :  

n: many test items  

u: students' answers to the test items 

 

To find out the character of the students' ability to 

take the test, it is calculated first using the 

Maximum Likelihood Estimation L (θ | U) with 

the formula: 

 

𝐿(𝑈|𝜃) =  
𝐿(𝑈|𝜃)

∑ 𝐿(𝑈|𝜃)
     …… (6) 

 

Based on the results of L (U | θ) for the value of θ 

from -3 to +3, the estimated ability of the test 

taker is θ from the result of L (U | θ) which is the 

highest (maximum). The estimated character of 



PSYCHOLOGY AND EDUCATION (2021) 58(2): 4465-4474             ISSN: 00333077 

 

4469 

www.psychologyandeducation.net 

the test taker's ability is determined by the 

formula: 

Estimate θ = Maximum [L(U| θ)]     (7) 

 

Results 

The CAT web development tool has the following 

main components: opening page, administration 

page, teacher page, and student page. The user 

must enter an email address and password to enter 

the system (see fig. 2). Each of the user has to be 

registered by the administrator first.  

 
Fig. 1.  Login Page 

Pretest 

The CAT application has two types of tests, 

namely a preliminary test (PreTest) and an ability 

test. Preliminary tests are used to initialize 

students' initial abilities and select the difficulty 

level of the first item on the ability test. The 

measurement of students' initial abilities was 

carried out by presenting three test items with 

different difficulty levels. The items are selected 

randomly in one exam which is sorted by level of 

difficulties namely easy, medium and difficult. If 

the three items (1,2,3) are answered correctly, the 

ability level is equal to three (θ = 3), then the 

items in the difficult category are given. If the 

items (1,3), (2,3) or (3) are answered correctly 

then the ability level is equal to 2 (θ = 2), then the 

items in the difficult category are given. If only 

items (1,2) or (2) are answered correctly then the 

ability level is zero (θ = 0), then the items in the 

medium category are given. If only item 1 or no 

item is answered correctly then the ability level is 

equal to -2 (θ = -2), then an item in the easy 

category is given.  

 
Fig 2. PreTest Results 

Figure 2 presents the Pre-test results of one of the 

test takers. The student responds to item 1 which 

has a difficulty level of -2.31 with the correct 

answer, the second item has a difficulty level of -

0.478 incorrect answers, and the third item has a 

difficulty level of 1.34 being answered correctly. 

Based on the results of the response, the student's 

initial ability (θ) is high (theta 2). 

 

CAT Trial Results  

After knowing the students' initial abilities 

Furthermore, students will work on Science 

questions. The first item will be adjusted 

according to the PreTest results. The form of the 

question is multiple choice with four answer 

choices A, B, C, and D, and there is one correct 

answer. The test page contains information on 

question numbers, time remaining to work on 

questions, science questions, alternative answer 

choices, and answer buttons (see Fig. 3 and 4). 

 
Fig 3. Question Pages 
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Fig 4. Question Pages 

Each question has three minutes to work on. 

When students start working on the questions, the 

time will automatically decrease, and if in the 

time provided, the students have not yet 

responded to the answers, then the questions will 

be considered pass and have the wrong answers. 

Table 1 shows the answer history of one of the 

students. If the response is correct then the 

response is 1 and if the answer is wrong then the 

response is 0. In the first item, the FIS015 

question code has a difficulty level of 1.879, a 

difference of 0.25, and the answer response is 

wrong. In accordance with the CAT rules, the 

difficulty level of the items in the second question 

will be lowered. Furthermore, using fuzzy 

inference the second item of question was 

selected, namely BIO2057, which had a difficulty 

level of 0.553 and 0.227 of item difference. In this 

second question, the test participant answered 

correctly so that for the third item the difficulty 

level would be increased, and the third item was 

selected, namely FIS1008 with a difficulty level 

of 0.694 and a difference of 0.908. And so on 

until a stop condition is reached. Table 1 also 

shows that the SEM value shows a decrease, this 

indicates that the CAT measurement is getting 

closer to the participants' abilities. After the 13th 

item, the difference in the SEM value is 0.01 and 

has reached a stop condition. The test participant 

answered 17 science questions with 13 items 

being answered correctly and 4 items being 

answered incorrectly. These students get a final 

theta score of 2.5 and if converted to a scale of 

100 the score is 91.67. 

 

Table 1. The CAT Result of Science Subject

 

 

Based on table 2, it can be seen that the maximum 

value of L (θ | U) is 0.2861 with the ability 

position (θ) of 2.5 (figure 5) illustrating that the 

results of the student's ability test are 2.5. This 

implies that the chance of students with the ability 

(θ) = 2.5 to answer the test items correctly is 28%. 

The graph of ability estimation based on the 

Likelihood function is shown in Figure 5. 

 

Table 2. Likelihood Estimation Students’1 

Ability 

θ 

L(U|θ) L(θ|U) 

-3 0,0000 0,0000 

-2.5 0,0000 0,0000 

-2 0,0000 0,0000 

-1.5 0,0000 0,0000 
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-1 0,0000 0,0000 

-0.5 0,0000 0,0002 

0 0,0000 0,0021 

0.5 0,0000 0,0139 

1 0,0000 0,0566 

1.5 0,0001 0,1445 

2 0,0001 0,2427 

2.5 0,0001 0,2861 

3 0,0001 0.2537 

Jumlah 0,0004 1,0000 

 

 
Fig 5. Graph of Student's 1 Likelihood Response 

Function for Science Subjects 

The graph of the ability estimation based on the 

given items is shown in Figure 6. Even though the 

9th to 15th item of theta is always the same, it has 

not been able to stop the test because the SEM 

score has not met the specified requirements, 

namely ≤ 0.01. In the 17th test item the SEM 

score has reached 0.0001 and the test was stopped 

with an estimated student ability of 2.5 

 

 
Fig 6. Graph of Estimation of Students' 1 Science 

Subject Ability 

Discussion 

The advancement of computer technology has 

brought a positive impact and created new 

opportunities for teachers and students. The use of 

computer technology can be used in the learning 

process, assessment, measurement and evaluation. 

This new method helps students to learn many  

 

useful scientific concepts more easily. For 

teachers, this is also used as a medium to measure 

students' abilities. One of the advantages of 

computer-based tests is that they can analyze data 

on a large scale better and more easily (Ahmad et 

al., 2017). This study aimed to develop an 

adaptive test that can measure students' ability in 

logical thinking of science subjects. Accurate or 

valid tests can produce correct information about 

a student's skills or abilities (Wynd et al., 2003). 

Based on expert judgments, the CAT application 

is considered very good and suitable to be used to 

measure scientific logical thinking skills. The 

CAT application able to measure the performance 

of test takers to complete the test items which 

were given randomly based on the IRT. Each test 

taker has answered different questions with 

different test number. Based on application trials 

on 73 students, the results showed that students 

who got a score <60 were 10 or 19.18% of 

population; students who get a score of ≥60 and 

<80 are 24 students or 32.88% of population; and 

students who get a score ≥80 are 35 students or 

47.94% of population (Figure 7). Another 

advantage of CAT is that it can estimate a 

student's ability level in a shorter time than other 

test methods (Istiyono et al., 2019). CAT 

application development can also manage data on 

a large scale and test results can be seen 

immediately after students do the test. Accurate 

test results are very important in obtaining 

information or data about students' abilities 

(Andrian et al., 2018). In general, this application 

can select and provide test items to test takers 
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based on their abilities, and can measure their 

abilities accurately. 

 

 
Figure 7. Science Ability Results 

CAT validation was carried out to determine the 

feasibility of the media being developed. 

Validation Feasibility testing is divided into two 

parts, namely: (1) alpha testing conducted by the 

first user (first user / teacher), and (2) beta testing 

conducted by end users (end users). In the teacher 

and student user instrument, the response 

responses use the Likert model with a value range 

of 1 to 5. The components assessed in the 

research instrument are in the form of a 

questionnaire, which includes: (1) user 

performance aspects, (2) display performance 

aspects, (3) ) the relevance of the test material, 

and (4) the usefulness aspect. The validation 

results can be seen in Table 3. 

 

Table 3. Teacher and studens’ Responses 

Respondents 

Aspect  

Performance Display 

Substance 

Relevance  Utilization 

Teachers 4.4 4.21 4.22 3.97 

Students 4.5 4.3 3.9 4.24 

Average 4.5 4.26 4.06 4.11 

 

Based on Table 3 above, it shows that respondents 

have high consistency in validating CAT. The 

highest grand mean value for student respondents 

for the use performance aspect was 4.5. This 

shows that the test results for the performance 

aspects of use have a fairly high consistency 

(Retnawati, 2016). The grand mean average value 

of all aspects, namely above 4, shows that the 

development of CAT to measure students' logical 

thinking skills in science learning is feasible to 

use.  

 

Conclusion 

Based on the test results in this study, it can be 

concluded that the program's ability has 

succeeded in selecting test items with a difficulty 

level in accordance with the response of students' 

answers. Each student receives test items that 

vary according to their level of ability. This is in 

accordance with the nature of the CAT theory 

which demands adaptability in the test. Each 

student received the correct number of items, and 

each student received the correct test items 

according to the characteristics of his ability. 

The basis for selecting test items is done by first 

analyzing, so it is possible that the analysis results 

are not the same as the type of test items in the 

question bank database. It is suggested to pay 

attention to the division of the classification of the 

level of difficulty of the items and the narrower 

grain differences in the knowledge base, so that 

the response to the items that the CAT program 

raises becomes smoother. It is also necessary to 

multiply and balance the number of test items for 

each group. In addition, the types and models of 

tests that are commonly used in the testing 

process have many variations, including long 

answers, complementary tests, matchmaking tests, 

causal tests, and multiple choice tests. The 

limitation of this research is that it is not able to 

handle all types and models of these tests. The 

type of test developed in this study is limited to 

multiple choice tests. 
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