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Abstract: The Computer has occupied a comprehensive coverage, especially in education scopes, including in learning-teaching 
processes, testing, and evaluating. This research aimed to develop computerized adaptive testing (CAT) to measure physics higher-order 
thinking skills (HOTS), namely PhysTHOTS-CAT. The Research Development used the 4-D developmental model carrying the four phases 
of define, design, development, and dissemination (4D) developed by Thiagarajan. This testing instrument can give the item test based on 
the student’s abilities. The research phases include (1) needs analysis and definition, (2) development design (3) development of CAT 
and assemble the test items into CAT, (4) validation by experts, and (5) feasibility try-out. The findings show that PhysTHOTS-CAT is 
valid to measure physics HOTS of the 10th-grade students of Senior High School according to 82.28% of teachers and students 
assessment on PhysTHOTS-CAT content and media. Therefore, it can conclude that PhysTHOTS-CAT can be used and feasible to measure 
physics HOTS of the 10th-grade students of the Senior High School. 
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Introduction 

 Physics is a subject felt as difficult and frightful for most students. The primary reason is a large number of 
mathematical formulas involved in physics learning. Besides, the methods adopted by the physics teachers as if 
implanted that physics concepts are merely collections of formulas, therefore, students persist that they must 
memorize all those formulas. This condition leads to the development of lower-order thinking skills (LOTS) rather than 
higher-order thinking skill (HOTS). Mathematics and physics are subjects that are a burden for students because 
students often have difficulty mastering it (Johnson & May, 2008). Students experiencing difficulties in learning physics 
need to get attention because these problems can prevent students from getting good results in Physics Learning 
(Koponen, Mantyla, & Lavonen, 2002). Conceptually, the teachers also feel difficulties in giving students an 
understanding of physics (Ekici, 2016; Angell, Guttersrud, Henriksen, & Isnes, 2004). A teacher, to be successful, must 
be trained in each of the necessary dimensions -knowledge, abilities, and relationships (Demkanin, 2018). PISA 
(Program for International Student Assessment) ranking in the field of Science, Indonesia is ranked 62 out of 70 
countries (OECD, 2018). Indicates a low level of potential and ability of students in science so that a breakthrough is 
needed to improve the ability of physics.  

HOTS on physics means the thinking levels of the cognitive domain, well known as Bloom’s taxonomy, that covers 
analyzing, evaluating, and creating (Anderson & Krathwohl, 2010). Macro scoring tends to use samples in analyzing the 
program and its impacts; the program is called curriculum (Setiawan, 2019). High-order thinking abilities can be 
developed through the instruction also its assessment. Assessment is conducted to find out how far the students 
successfully receive the knowledge given by the teacher. A good test requires to construct and proper assessment 
management. The classic paper-based assessment has many weaknesses in its application. By developing a test-based 
grading system that can adapt to the ability of students to provide the best solution in the field of measurement. The 
underdeveloped system combines adaptive assessment based on high order thinking that can measure HOTS 
capabilities with adaptive computer systems. Evaluation commonly uses regular paper and pencil testing (Cisar, 
Radosav, Markoski, Pinter, & Cisar, 2010). By the advances of technology, traditional paper, and pencil testing (PPT) 
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has experienced a decline due to the length of time in administrating the test and giving feedbacks (Boo & Vispoel, 
2012). On the other hand, the use of the computer as the medium for testing has been much developed; for example, the 
language testing of English (Jamieson, 2009) and Semai (Alwi, Mehat, & Arshad, 2016).  

The use of the computer has occupied a comprehensive coverage of scopes, such as in education field. It is convenient 
to be used in learning-teaching processes, testing, and assessing. (Bennett, 2012; Pommerich, 2004; Fadzil, 2018). 
Students find a lot of autonomy with the availability of the computer and computer-based testing through computer-
based education (CBE), computer-based testing (CBT), computer-based English language testing (CBELT), computer-
aided/assisted assessment (CAA), computer-adaptive language testing (CALT), or computerized adaptive testing (CAT). 
CAT proposes a logical, effective, and efficient measurement in measuring students' abilities (Cella, Gershon, Lai, & Choi, 
2007). CAT also optimizes items are managed and can produce the most significant information in a measurement of 
the ability of test-takers (Haley et al., 2011). CAT generally requires fewer items than long-form instruments and can 
achieve the same precision (Cella et al., 2007) 

CAT is a testing system using a computer that provides the test items that are follow the students’ abilities. An adaptive 
test has five characteristics, they are: (a) it builds upon a bank of test items completed with their statistical 
characteristics; (b) the test facilitates the test taker to select a starting point from the item bank so not all test takers 
begin with the same item; (c) test scores can be derived from different test items given to different test takers; (d) the 
selection of the next items is based on the test taker’s responses for the earlier item, if the test taker answer the 
question correctliy the next item will be more difficult, if the answers are wrong the next question will be less 
complicated. This system was done by employing the Item Response Theory (IRT). (Baker, 1983; Weiss, 2011); (e) a 
test ends when certain terminating criteria achieved even with the different number of an item done by each individual. 

A test package that is inputted into the CAT will be capable of measuring the range of the test-takers’ abilities (Lord, 
1980). It also more efficient for student testing compared to the conventional ways that require a considerable length 
of time. Lord also believes that the length of the test can shorten without losing the accuracy of the measurement. The 
gains of the earlier items determine the sequence of the items displayed on the monitor. It is why the test can shorten 
without decreasing the accuracy of measurement; therefore, CAT can estimate students’ ability levels in a shorter time 
than other test methods. CAT becomes highly popular for a number of advantages, they are: (a) has high test security 
(Winarno, 2012); (b) the test is given on request; (c) needs no answer sheets; (d) display items that is related to the test 
taker’s initial ability; (e) the level of test standardization is higher than traditional tests; (f) the items’ difficulty slides 
down to easier items when the test taker’s ability level is lower and slides up when the test taker’s ability is higher; (g) 
has a flexibility in selecting the items; (h) supervision time is shorter; and (i) instant reporting and accurate 
measurement. 

In order to measure students HOTS on physics, the test items installed in CAT should be able to measure students 
HOTS. The multiple-choice test modified with rationals regarded as a further development of the test type, intended to 
measure students’ abilities in all the cognitive levels, particularly the higher-order thinking levels. A good test is one 
that can accurately measure the test takers’ skills, in which the test difficulty index is fitted to the test takers’ abilities. 
Moreover, a good test should consider the steps of completing the test items. An innovative testing method could 
determine the successfulness of the measurement of the students’ abilities; thus, the development of an instrument to 
measure HOTS in physics by adopting CAT (PhysTHOTS-CAT) need to conduct. 

Methodology 

Research Goal 

This research aimed to develop CAT to measure 10th students’ HOTS on physics. The developed CAT will be called as 
PhysTHOTS-CAT. As the research methodology, the study used the 4-D developmental model carrying the four phases 
of define, design, development, and dissemination (4D) developed by Thiagarajan (Thiagarajan, Semmel, & Semmel, 
1974). The define phase involved the analyses of needs and the definition of the CAT media that is valid, feasible, and 
efficient to measure HOTS on physics. The design phase consisted of planning the development of the CAT and its 
scoring system using PCM, which are in line with the needs. The development phase includes the constructing of the 
CAT, installing the HOTS test items into CAT, and validating the CAT to the experts on learning media. The 
dissemination phase encompassed the determination of try-out subjects (Senior High School students) and the conduct 
of the try-out.  

Sample and Data Collection 

The sample in this research was 300 10th grade students of the Senior High School in Yogyakarta. The item response 
theory approach, if a sample size of 300 meets the requirements for analysis using a partial credit model. The sample 
chosen was in class 10th grade because the aspects in the problem were relevant to the HOTS level at the level of; 
analysis, synthesis, evaluation, and creating. The data was obtained through a systematic sampling method which 
selected test participants from 4 schools, one school consisting of 90 to 100 students in Yogyakarta Province. Data was 
collected at each school in a computer laboratory room with alternating systems according to class groups. The 
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systematic stratified random sampling where researchers take students randomly based on high, medium, and low 
levels in HOTS. A random process carried out after the researcher detects or records students who have high, medium, 
and low abilities based on the school that is the target of this research. The instrument used in this study was a valid, 
feasible, useful assessment sheet and a test designed to develop CAT. Measurement experts validated measurement 
experts and physics learning experts validated the assessment sheet used to assess valid, feasible and effective before 
being used to assess the developed CAT while the tests developed. 

Analyzing of Data 

Test scores are analyzed using the partial credit model (PCM), which is an extension of the one-parameter model. The 
PCM presents the categories of the test taker’s answers in a polytomous scale, an extension of the dichotomous-the 
working principles of the developed CAT based on those by Winarno (2012). In the beginning, the test takers gave 
items with an initial standard level of difficulty, which is close to zero. If they can answer it correctly (at scales 3 and 4) 
on the polytomous model, they will be given items with higher levels of difficulty; and if they answer wrongly (at scales 
1 and 2), they will be given items with lower levels. The CAT software uses an algorithm system to presents items that 
are in line with the test takers’ abilities. The algorithm is used to decide the next item to be selected based on the test 
taker’s response to the previous item. In the test administration, the selection of items uses the IRT theory (Reckase, 
2009), logics, and simple statistics. 

CAT is to stop when the stopping rule is achieved. There are three criteria in determining the stopping rules in the CAT 
with HOTS items they are: (a) when the time is used up, (b) when the accuracy level of the estimate of the test taker’s 
abilities is achieved, or (c) the differences among the standard error of measurement (SEMs) in the item repetition is 
markedly low (SEM < 0.01), as shown in Figure 1. 

 

Figure 1: Stopping rule for test items in CAT 
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The test items that were inputted into the CAT was physics HOTS test items set developed by Megawati and Istiyono 
(2017). The CAT procedure in figure 1 starts with questions based on the level of difficulty. After the initial assessment 
begins on one question, then the response will result in the level of difficulty item. After that, the standard 
measurement process error of measurement (the criteria must be <0.01). The results of the procedure calibrated with 
incorrect answers and measurement errors. The next process is the calculation of the measurement error variance 
through the measurement information function. After calibration, the system will calculate capabilities (theta) and 
group them in five categories of scale, namely, very high, high, moderate, low, and very low. All items were valid test 
items as shows by their fit against the PCM; had a favorable difficulty index (well between -2.0 and 2.0), and had a 
reliability measure as evident from the information function and SEM (Azwar, 2015). The physics HOTS test items were 
suitable for students with the abilities level θ ≥ -1.4, in moderate and high categories. 

Validation on the CAT media was conducted to find out the degree of the feasibility of the media being developed. The 
media was computerized adaptive testing (CAT) software. Data analyses for the media feasibility adapted the data 
analysis technique developed by Winarno (2012). The validation sheets from the media experts were converted into 
five interval scores of very good, good, moderate, poor, and very poor. 

For the feasibility measure of the CAT development, questionnaires were given to the teachers and students to find out 
their responses towards the implement ability of the CAT test. Responses to the questionnaires were analyzed 
descriptively. Data analyses were done by counting the scores obtained from all the aspects being scored and 
subsequently calculated by way of the following formula. 

 …………………………………………………………………….. (1) 

Notes: 

N = Percentage of aspect feasibility 
k = Data collection score 
Nk = Highest total score 

In the equation used to measure students’ abilities (θ), the probability of giving correct answers of scales 3 and 4 is Pi 
(θ), the probability of giving wrong answers of scales 1 and 2 is Qi (θ), information function Ii (θ), and SEM (θ). Use of 
the logistic model 1 PL applies the Rasch model so that in order to determine (θ), Pi (θ), Qi (θ), Ii (θ) and SEM (θ) the 
following equation is used: 

a. The equation to determine students’ HOTS abilities (θ), 

  …………………………………………..……… (2) 

 

Notes: 
θ : students’ HOTS abilities (-3 < θ< +3) 

 : Item difficulty index ith 
D  : Scaling factor (count as 1,7) 

 : Item differentiating index ith (for logistic 1PL, model value of = 1) 

 : Pseudo guessing index on item ith (for logistic 1PL and 2PL, model value of ) 

b. Equation do determine the probability of correct answering Pi(θ) 

   where j = 1,2,3….m+1  ………………… (3) 

c. Equation do determine the probability of wrong answering Q(θ) 

  ………… …………………………………………............. (4) 

d. Equation do determine information function 𝐼𝑖(𝜃) 

 …………………………………………………………….. (5) 
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e. Equation do determine information function SEM 

 ……………………………………...................................... (6) 

Each test taker’s higher-order thinking ability coming out of CAT is then categorized under five abilities levels adopted 
by Istiyono (Istiyono, Dwandaru, Megawati & Ermansah, 2017), that are: very low, low, moderate, high, and very high. 

Findings / Results 

The Computerized Adaptive Test (CAT) 

The developed CAT has the following main components: opening page, administering page, teacher’s page, and 
student’s page. First, the opening page displays the media title, CAT logo and developer logo, Yogyakarta State 
University (YSU). At the bottom of the page, the login button for the administrator, teacher, and student are provided. 
When the button is clicked, the login page is appeared. The particular user has to type the username and password in 
order to log in to the system. If a user is not registered yet, they have to register themselves to the administrator. 

Second, the administration page contains Home, Data Master, and Report Recapitulation menus. The Data Master 
contains the Administrator Setting, Teacher, Student, and Item Bank. The Administrator Setting is a menu to register 
any administrators or attendants and obtain the username and password. In the Administrator page, there is also the 
Report Recapitulation, the last menu on the Administrator page that provides the test results. Before entering the 
Report Recapitulation page, the user must first select the type and date of the test. Test results present the history of 
test results of each test taker. Similarly with the administrator setting, the teacher and student menus are the operation 
pages for teachers and students. The item bank contains 62 valid and reliable HOTS test items, that is previously 
developed by Megawati and Istiyono (Istiyono et al., 2017) and already proven to be valid and reliable. Valid and 
reliable become the main criteria because an instrument can measure the ability in accordance with the objectives and 
show the consistency of an instrument. The administrator is able to add or delete any teachers, students or items and 
set the item mode by determining when the test begins and ends.  

Third, the Teacher menu contains Home, Item Bank, and Test Result menus. Each menu has the same function, except 
for the Setting menu. The setting menu is only for the administrator to make any addition or deletion. The last page is 
the Student page. Only test takers who are registered in the administrator’s database can be logged in. The page 
contains home, test list, and Test Result, and the test List menu is to start the test. The test display consists of a test 
item, time, and answer button. After the test is over, the test takers can view the results in “All” or “Custom” menu. The 
“All” menu presents results in details. The test takers who want to know the simple version of the test result can select 
“Custom.” 

CAT Validation 

The validation of the CAT is done to know the feasibility of the developed media. Validation of the PhysTHOTS-CAT is 
conducted by involving four media experts and five teachers. The validation results of the PhysTHOTS-CAT were 38.5 
for the display which is within the very good category, 16.5 for the media feasibility which is within the good category, 
and 55.0 for the total which is within the very good category. According to the experts, the developed PhysTHOTS-CAT 
is rated very well and feasible, but numbers of suggestions are obtained from the validation process. The suggestions 
are: (a) on the front page, information about the study program that develops the test need to be provided (see Figures 
2); (b) the “Answer” button, which is initially on the right side, need to be moved to the left side for the sake of 
efficiency (see Figures 3); and (c) the test-result display should be easier to understand by adding columns for true and 
false answer also the reasons (see Figures 4). 
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Figure 2: Front page of programe display 

 

 

Figure 3: The “Answer” button display 
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Figure 4: The test-result display 

CAT Try-out 

From the limited-scope try-out, no major obstacle has been found in the test takers when they are doing the test. In the 
try-out, the CAT has been found to function well. One disturbing situation is when test takers do not read the directions 
carefully so that they push the backspace key and they cannot repeat the test. Another difficulty occurs when the 
Internet network is not maximal so that test takers have to pause and fail to continue to the next items. Some 
respondents reported that they are not so used to the multiple-choice test version with rationals and find it difficult to 
handle this multiple-choice HOTS version. One main obstacle is the situation where the Internet network is slow. 
Notwithstanding, use of the CAT is categorized as feasible so that it can be continued to the phase of the field try-out.  

In the field try-out, the research instruments are CAT software and questionnaires for the teachers and students. All the 
research instruments have been checked for validity and reliability and are feasible for collecting data. The field try-out 
is aimed at measuring the students’ HOTS using the CAT test items and finding the feasibility measure of the 
administration of the developed CAT. 

Students’ HOTS abilities are found to be of the moderate category with 0.04 as the lowest ability and 0.61 as the 
highest. Within the 60 minutes of the test time, the maximum number of items completed is 23. Results of HOTS testing 
using the PhysTHOTS-CAT are presented in Table 1. 

Table 1. Results of the PhysTHOTS-CAT 

No ID Class Teacher Ability Item Number Score Time 
1 16954 XI MIA 3 I M 0.04 14 items 50.67 58:21 
2 16957 XI MIA 3 I M 0.15 19 items 52.50 54:31 
3 16974 XI MIA 3 I M 0.38 22 items 56.33 56:03 
4 16987 XI MIA 3 I M 0.10 14 items 51.67 38:51 
5 17000 XI MIA 3 I M 0.16 19 items 52.67 53:15 
6 17001 XI MIA 3 I M 0.16 20 items 52.67 55:28 
7 17016 XI MIA 3 I M 0.29 22 items 54.83 59:37 
8 17017 XI MIA 3 I M 0.11 15 items 51.83 43:35 
9 17043 XI MIA 3 I M 0.33 21 items 55.50 59:51 

10 17061 XI MIA 3 I M 0.20 20 items 53.33 59:35 

 

One example of the score details of the PhysTHOTS-CAT and the score history is presented in Figures 5 and 6. 
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Figure 5: A test score result of a test taker 

 

 

 

Figure 6: Test score history 

In Figures 5 and 6 show that the SEM differences is decreasing. This means that the measurement of student’s HOTS is 
getting closer to the test taker’s abilities. This particular test taker answers 23 test items in 59 minutes 45 seconds, and 
achieves a final ability of 0.61, score point of 60.17, and a abilities level within the very high category. 

From results of these analyses, it can be concluded that the developed PhysTHOTS-CAT has run as it has been expected. 
It is considered to be able to measure the test taker’s abilities in individual measures. Furthermore, the percentages of 
test takers’ abilities obtained from the PhysTHOTS-CAT try-out is shown by Figure 7. Figure 7 shows that the high score 
category dominated by 33 students and followed in the low category by 30 students. This means that the distribution of 
students' abilities is diverse and has a spread distribution. 
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Figure 7: Percentage of Ability levels 

Feasibility of the use of PhysTHOTS-CAT 

The data shows the product feasibility test obtained from 99 students and 10 physics teachers showed a high average 
score of 82.28. The final phase of the study is to know the feasibility level of the use of PhysTHOTS-CAT in measuring 
students’ HOTS. The responses of the teachers and students toward the questionnaires are presented in Table 2. 

Table 2. Teachers and Students’ Responses of PhysTHOTS-CAT 

No Respondents Feasibility (%) 
1 Students 83.06 
2 Teachers 81.50 

Average: 82.28 

 

Discussion and Conclusion 

Technological devices such as a computer, give many opportunities to teachers and students (Feyzioglu, Akpinar & 
Tatar, 2018). Today, computer technology influences the structure, content, and learning processes are arranged in a 
curriculum, assessment, measurement, and, evaluation (Dunkel, 1999). It helps students to learn scientific concepts 
meaningfully. It also can provide media for teachers to assess students’ ability. The purpose of this research is to 
develop a CAT which able to measure physics HOTS, named PhysTHOTS-CAT. The physics HOTS is included analyze, 
evaluate, and create ability. The test had to be able to give an item based on the test taker’s ability. Based on expert 
jugdment, PhysTHOTS-CAT is rated very good and feasible to be used to measure physics HOTS. PhysTHOTS-CAT was 
able to measure test taker’s ability to solve the test well with randomly given test items based on IRT. The test which 
based adaptive system in giving items could give the more accurate result of the test (Winarno, 2012, Feyzioglu, et al., 
2018). The accurate result of the test is very important in getting information or data about student ability (Andrian, 
Kartowagiran, & Hadi, 2018). A accurate test or valid can attend true information about the skill or ability of student 
(Wynd, Schmidt, & Schaefer, 2003). In generally, PhysTHOTS-CAT could choose and giving an item test to test takers 
based on their ability and could measure their ability accurately. 

Based on Table 1, the test taker’s minimum ability was 0.04 with score 50.67, and the maximum ability was 0.61 with 
score 60.17. From Figure7, it can be seen that the students’ HOTS are in the categories of low, moderate, high, and very 
high. This can be explained by the characteristics of the tests. The results show the distribution of data in the order of 
categories; very high (33), low (30), moderate (23), high (10), and very low (3). For completing the test items, test 
takers must be able to find the accurate information about the pictures and present it in the form of mathematical or 
verbal solutions (Istiyono et al., 2017; Fadzil, 2018). This shown that if test takers can solve many items correctly, it 
indicated their ability at higher level. High ability is an important variable in physic learning because high ability can 
determine how far success in next physics learning (Cavallo, Potter, & Rozman, 2004). The difference in the level of 
ability in physics learning is one of the determining factors for the success or failure of learning physics (Folashade & 
Akinbobola, 2009).  

In Table 2, it can be seen that PhysTHOTS-CAT records a feasibility estimate of 82.30 % under the category of “feasible”. 
It can be seen that PhysTHOTS-CAT is able to measure the students’ abilities in completing a test in accordance with the 
setting of the test administration which is random, using simple logic, and by IRT polytomous items. Use of this 
algoarithm adopts the results of a study conducted by Winarno (2012). Use of a web-based CAT gives advantages in 
managing data on a vast scale. Analyses of large-scale data give more favorable results (Ahmad, Ishak, Alias & 
Mohamad, 2015) and, with CAT, such analyses can be carried out more easily. Feasibility of PhysTHOTS-CAT shows 
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that the CAT, which is based on adaptive systems and giving test items that are in line with students’ abilities, the 
developed software gives test results with high accuracy. The CAT development is one of the innovations in testing and 
assessment, which is in line with the item response theory. Relevant to the research of Ramadan (2019) HOTS 
instruments developed have characteristics as useful instruments and meet the requirements used to measure. Based 
on the analyses and results of the study, it can be concluded that the developed PhysTHOTS-CAT can be used as a test 
instrument consisting of valid and reliable items, validated by experts, and is feasible for measuring physics HOTS of 
students of 10th grade of the Senior High School. 

Suggestions 

Referring to the results of the research that each middle school unit is expected to use the CAT program to assess 
students' HOTS, so that students can change their ability to be better in Higher Order Thinking in Physics. The use of 
time variables and question bank sorting based on the level of difficulty become a method of measuring students' HOTS 
abilities. 
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