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Abstract: Industrial Revolution (IR) 4.0 Era required student to develop critical 
thinking ability.  Indonesian student have a very low ranking PISA in critical thinking 
ability. The Development of student’s critical thinking need to be done through 
habituation of learning process to use critical thinking instrument test. Objective of this 
research is 1) feasibility of critical thinking instrument 2) Measuring students' critical 
thinking abilities in each indicator of critical thinking abilities developed 3) Instrument 
quality testing includes difficulty level, discrimination power, and reliability. The 
development research method used limited to the development stage. It does not reach 
the full implementation and evaluation stages. This instrument was tested for its 
feasibility by lecturers and teachers using the Aiken V index, and its quality was tested 
involving eighth-grade students of SMP Negeri 8 Palangka Raya. The findings obtained 
in the study include 1) the suitability of the critical thinking instrument for use; 2) 
Students' critical thinking abilitys are low in each indicator; 3) The quality test shows 
the need for improvement of the test instrument on 2 questions in the pre-test and 6 
questions in the post-test because they have low discriminatory power. This research 
contributes to outlining the need for instrument quality testing stages in developing 
critical thinking instruments in addition to the validation stage. Based on the existing 
findings, it can be concluded that the developed test instrument has undergone 
improvements based on the validation stage and the instrument quality testing stage 
used to measure students' critical thinking abilitys on the solar system material, so that 
it can be a measuring tool that supports the development of science learning that 
improves students' critical thinking abilitys. 
 
Keywords: Critical thinking ability; Instrument critical thinking; Test instrument 

  

Introduction  

 
The Industrial Revolution (IR) 4.0 era is an era of 

Digital Technology, Internet of Things (IoT) and 
Artificial Intelligence experiencing rapid development 
(Hermawan, 2021). The development of digital 
technology and IoT causes information to be distributed 
widely and quickly. The rapid development of the 
information distribution process in IR 4.0 is a new 
challenge for the world of education, especially for 
students. Students in the IR 4.0 Era are expected to have 
the ability to process and evaluate any informatio 
obtained outside. Potter (2010) suggests that every 
process in evaluating and making decisions based on the 

right information requires critical thinking ability 
(Poernomo et al., 2018) The ability to think critically is an 
ability that is needed in solving various problems of 
human life.  

Critical thinking ability as one of the abilities 
needed in the IR 4.0 Era can be developed through 
science learning. Science learning has the aim of 
directing students to have critical thinking ability 
(Julianto et al., 2023). Students' critical thinking ability 
can be known through measurement based on an 
indicator. Critical thinking ability according to Facione 
et al. (2013) is self-regulation in deciding something that 
results in interpretation, analysis, evaluation, and 
inference, as well as explanation using evidence, 
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concepts, methodologies, criteria, or contextual 
considerations that are the basis for making decisions 
(Nuryanti et al., 2018) Indicators in developing critical 
thinking ability include interpretation, explanation, 
analysis, inference and evaluation. 

The critical thinking ability of Indonesian students 
based on PISA conducted by OECD in 2019 showed that 
Indonesia was ranked 72 out of 79 countries (Lestari & 
Annizar, 2020) The PISA scores obtained by Indonesian 
students are in accordance with the initial preliminary 
study conducted by researchers that most students' 
critical thinking ability are in the low category. Based on 
interviews and observations conducted by researchers, 
teachers rarely develop questions that develop critical 
thinking ability so that students are not familiar with 

critical thinking ability test instruments.  
The development of critical thinking ability test 

instruments requires developing test instruments that 
meet validity and reliability standards (Kurniahtunnisa 
et al., 2024). Validity is needed to ensure that the 
instrument actually measures the intended ability, while 
reliability is needed to demonstrate the consistency of 
the measurement results (Herdiansyah et al., 2025). The 

learning material selected in the development of the 
critical thinking ability test instrument is the solar 
system material.  

The solar system is one of the subjects taught in 
science in junior high schools. It is a subject that 
continues to evolve with the latest discoveries in the 
space field. The abstract concepts in the solar system 
learning material require the development of critical 
thinking instruments that provide illustrations of 
phenomena found in the solar system. The instrument 
development differs from the test instruments in 
previous studies conducted by Pradana et al. (2017), 
Prasetya et al. (2022), and Rif’atul et al. (2024) where the 
learning material did not require illustrations in the test 
instruments. The development of critical thinking test 
instruments for solar system materials requires 
illustrations that meet the Facione indicators used, 
namely interpretation, analysis, explanation, conclusion, 
and evaluation. The critical thinking instrument 
developed in this study presents novelty in three main 
aspects: (1) development of a critical thinking 
instrument based on illustrations of solar system 
phenomena linked to news issues about astronomical 
phenomena that arise in society, (2) systematic 
integration of Facione indicators in each test item, and 
(3) testing the quality of the instrument through 
comprehensive psychometric analysis. This approach is 
expected to provide a methodological contribution to 
the development of critical thinking assessment 
instruments in junior high school science learning. 

Based on the description above, the aim of this 
research is to develop a critical thinking ability test 

instrument that meets the following criteria: 1) the 
feasibility of the critical thinking instrument, 2) the test 
instrument can measure students' critical thinking 
abilities on each indicator of critical thinking abilities 
developed, and 3) the quality of the critical thinking 
instrument. The implication of the research is that the 
developed test instrument can measure critical abilities 
by using illustrations related to phenomena that arise in 
everyday society so that students' critical thinking skills 
are measured in a relevant context and not only against 
existing concepts. 

 

Method  
 
Time and Location 

This research was conducted at SMP Negeri 8 
Palangka Raya on students of grades VIII.8 and VIII.9 in 
the second semester of the 2024/2025 academic year in 
January. Both classes were selected using a random 
sampling technique. The random sampling method is a 
sampling method that is carried out randomly because 
all members of the population have an equal chance of 
being selected (Asrulla et al., 2023). 

 
Research Methods 

This research is a type of development research that 
uses the ADDIE model. The research design used is 
ADDIE consisting of 5 main steps, namely Analysis, 
Design, Development, Implementation, and Evaluation  
(Martatiyana et al., 2023).The development research 
method used limited to the development stage. It does 
not reach the full implementation and evaluation stages. 

In the development phase, data was collected using 
a validator assessment questionnaire for the critical 
thinking skills instrument, namely the pre-test and post-
test critical thinking skills. Based on the feasibility test 
results, instrument quality testing was conducted, 
including difficulty level, discriminating power, and 
reliability. 
 
Research Stages 

The development of Critical Thinking Ability 
Instruments is at the analysis, design and development 
stages. The description of each stages are showed in 
figure 1. 

Development of student critical thinking ability test 
instruments at the Analysis stage through interviews, 
observations and questionnaires to students and 
teachers. The distribution of questionnaires to teachers 
and students was carried out with the aim of knowing 
the needs of students for instruments that measure 
critical thinking ability and become a basic reference in 
the learning media design process. The results of the 
analysis stage are followed up with the design stage. 
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Figure 1. Research stage 

 
The design stage is the stage where researchers plan 

and prepare critical thinking test instruments based on 
the results of the needs analysis and consult with 
experts. Based on the development stage, researchers 
develop critical thinking abilitys test instruments. At the 
development stage, the planned instrument was then 
developed and validated by experts consisting of 2 
lecturers and 5 teachers. Lectures are experts in 
instrument development and are experts in the material 
and construction aspects of test instruments. Teachers 
who serve as validators are teachers who have more 
than 15 years of teaching experience. Teachers who serve 
as validators are those who are linguistically competent 
to assess whether the questions presented can be 
understood by students.  

The validated critical thinking ability test 
instrument at the development stage was then piloted on 
students in grades VIII.8 and VIII.9. The pilot test was 
conducted on both classes to measure students' critical 
thinking abilities across each indicator and the quality of 
the test instrument. Therefore, a pre-test and post-test 
were not administered to one class because there had 
been no improvement efforts in the development of this 
instrument.   

 
Data Analysis 

The data collected during the research phase 
included the validation and quality testing of the critical 
thinking ability test instrument. The validation results 
were analyzed using Aiken V with the critical thinking 
ability test instrument items is declared valid if the V 
value> 0.82 (Aiken, 1985). Test instruments deemed 
suitable for use were then subjected to instrument 
quality testing, which included the level of difficulty, 
discriminatory power, and reliability of the instrument. 
The quality of critical thinking ability instruments 

including reliability, differentiation, and difficulty levels 
instrument using the Iteman application. An instrument 
is declared as a reliable instrument if the test reliability 
coefficient is at 0.70 or more (Azwar, 2011). The level of 
difficulty (P) of the item is seen from the value of Prop. 
Correct with the help of the Iteman program (Purniasari 
et al., 2021). The results of the analysis of the level of 

difficulty of the Iteman program are interpreted 
according to the classification in the table as follows. 
 
Table 1. Criteria for Difficulty Index (P) (Magdalena et 
al., 2021; Purniasari et al., 2021) 
Difficulty Index (P) Criteria 

0.00 - 0.30 Difficult 
0.31 - 0.70 Medium 
0.71 - 1.00 Easy 

 
The distinguishing power (D) of the question is 

seen from the point biserial value with the help of the 
Iteman program (Purniasari et al., 2021). The results of 
the differentiating power analysis of the Iteman 
program are interpreted according to the classification 
in the Table as follows. 
 
Table 2. Classification of Differentiating Power (D) of 
Test Items (Magdalena et al., 2021; Purniasari et al., 2021) 
Differentiating Power (D) Criteria 

Negatively marked Very Bad 
0 - 0.19 Not Good 
0.20 - 0.39 Fair 
0.40 - 0.69 Good 
0.70 - 1.00 Excellent 

 
Testing the quality of the critical thinking ability 

instrument was carried out using a one group pre-test 
post-test design (Bile & Suharharjana, 2019) where there 
was an initial objective multiple choice test before 
students were given treatment using inquiry-based 
learning media to determine students' initial critical 
thinking ability, and a final test. The results of testing the 
quality of the instrument from the development stage 
are used to state whether the critical thinking ability 
instrument in science learning is feasible to use or not. 
The critical thinking ability instrument which is declared 
feasible is then carried out an Instrument Quality Test 
which includes Differentiating Power and Level of 
Difficulty to find out which instrument items are fallen 
or not. 

   

Result and Discussion 
 
Development of Critical Thinking Ability 

Instruments is at the analysis, design and development 
stages. The analysis stage of the development process 
began with a preliminary study, which involved 
administering a questionnaire to teachers. The results of 
the questionnaire indicated that teachers had never 
developed a critical thinking ability test instrument. The 
results of the questionnaire are one of the reasons for the 
low level of students' critical thinking ability based on 
PISA because students are not used to being given tests 
that develop students' critical thinking ability.  
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Based on Analysis Based on the analysis results, the 
researcher designed a critical thinking ability test 
instrument based on Facione indicators. The Facione 
indicators of students' critical thinking ability iconsist of; 
1) Interpretation (Interpretation), 2) Analysis, 3) 
Evaluation, 4) Inference and 5) Explanation. Researchers 
defined critical thinking ability indicators and then 
created sub-indicators that were developed into 

operational terms in the question indicators. The 
operational terms in the question indicators play a role 
in ensuring that the critical thinking ability test 
instrument development stage aligns with the critical 
thinking indicators. The indicator table containing 
definitions and sub indicator used as the design of the 
critical thinking ability test instrument is in the 
following table.

 

Table 3. The Indicator Table Containing Definitions and Sub Indicator (Facione et al., 2013) 
Indicator Definition Sub Indicator 

Interpretation 
The ability to understand and convey the meaning of a problem or 

phenomenon that occurs. 
Interpreting information 

Analysis 
the ability to identify ideas or arguments to be analyzed and tested in 

order to express beliefs, decisions, reasons, information or opinions. 
Identify arguments 
analyze arguments 

Inference 
The ability to search for and collect important elements used in 

drawing a conclusion or making a temporary assumption 
(hypothesis) while still using relevant information as a reference. 

Predicting Alternatives 
Make decisions/conclusions 

Evaluation 
The ability to assess the credibility of a statement, fact or information 

through inductive and deductive reasoning. 
Assessing the facts of information 

Assessing the quality of information 

Explanation 
The ability to state the results of one's process, the ability to present a 

statement based on evidence, concepts, methodologies, and certain 
criteria; to present one's reasons with convincing arguments. 

Stating the results 
Explaining the procedure 
Explaining the arguments 

The development stage of the student critical 
thinking ability instrument is compiled with a student 
critical thinking ability test instrument consisting of Pre-
test and Post-test. The development of critical thinking 
ability test instruments is adapted to the abstract 
material of the solar system, so that in the test instrument 
development stage, researchers develop illustrations 
that are adapted to the items in the test instrument so 
that it makes it easier for students to visualize the context 
of the abstract Solar System material. 

 

Figure 2. Distribution of critical thinking indicators on test 
items 

 
The student critical thinking test instrument 

consists of 15 items of the initial test (PreTest) and 15 
items of the final test (Post-Test) which are in accordance 
with the indicators of students' critical thinking ability 
including; 1) Interpretation, 2) Analysis, 3) Evaluation, 
4) Inference and 5) Explanation. Indicators of critical 
thinking ability are distributed in 15 items of the Pre-

Test and Post-Test of the critical thinking ability 
instrument developed as in the figure 2. 

The initial test (Pre-Test) and the final test (Post-
Test) used parallel item indicators in measuring 
students' critical thinking abilitys. The test instrument 
was validated by two expert lecturers, and 5 teachers 
from SMP Negeri 2 Palangka Raya, SMP Negeri 8 
Palangka Raya and SMP Katolik Santo Paulus Palangka 
Raya as validators to assess the feasibility of the test 
items of students' critical thinking ability instruments.  

The results of the assessment given by the validator 
were then analyzed using Aiken V statistics (Azwar, 
2011). Based on the analysis using Aiken V statistics, it is 
obtained that all items of the student critical thinking 
ability test instrument are in the valid criteria in the table 
4. 

The critical thinking abilitys instrument feasibility 
assessment questionnaire has several  aspects including 
material, construction and language aspects to be 
declared a critical thinking abilitys instrument worth 
using. The material aspect in the critical thinking test 
instrument is in accordance with the learning material 
implemented during the learning process. The 
construction aspect in the critical thinking test 
instrument reviews the preparation of test items and 

answer choices. The language aspect is used to 
determine the use of language in the test instrument can 
be understood, does not cause misinterpretation and is 
in accordance with Indonesian language rules. The 
results of item validity in each aspect show that the 
critical thinking ability instrument is on valid criteria as 
shown in the table 5. 

36%
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Table 4. Critical Thinking Ability Test Instrument Validity Results 
Pre-Test Item  Pre-Test Validity Description Post-Test Item Post-Test Validity Description 

1 0.96 Valid 1 0.97 Valid 
2 0.96 Valid 2 0.96 Valid 
3 0.94 Valid 3 0.94 Valid 
4 0.96 Valid 4 0.97 Valid 
5 0.94 Valid 5 0.96 Valid 
6 0.95 Valid 6 0.98 Valid 
7 0.96 Valid 7 0.96 Valid 
8 0.95 Valid 8 0.96 Valid 
9 0.97 Valid 9 0.95 Valid 
10 0.93 Valid 10 0.95 Valid 
11 0.95 Valid 11 0.96 Valid 
12 0.99 Valid 12 0.98 Valid 
13 0.95 Valid 13 0.95 Valid 
14 0.96 Valid 14 0.96 Valid 
15 1.00 Valid 15 1.00 Valid 

 
Table 5. Aspects of Validity of Critical Thinking Ability Test Instrument 
Aspects of Critical Thinking Ability Instrument Pre-test Item Validity Post-test Item Validity 

Material Aspect 0.96 0.97 
Construction Aspect 0.96 0.96 
Language Aspect 0.94 0.95 
Overall Aspect 0.95 0.96 

Valid test instruments can be used to measure 
students' critical thinking ability. The eligibility results 
are in line with the opinion of Jazuli et al. (2015) which 
states the feasibility of developing critical thinking test 
instruments in terms of material and language in 
accordance with the stages of development research 
(Lestari et al., 2022). The valid test instrument was then 
tested the quality of the instrument by giving the pre-

test instrument to class VIII.7 and post-test instrument to 
class VIII. 9 of SMP Negeri 8 Palangka Raya. The quality 
test given to students at the instrument development 
stage provides an overview of the abilities of class VIII.9 
students at SMP Negeri 8 Palangka Raya with a 
description of the abilities per critical thinking ability 
indicator in the following figure. 
 

 
Figure 3. Percentage of indicators of students' thinking ability 

 

 
Figure 4. One of the interpretation indicator questions on 

students' thinking ability 
 

The graph in the figure 3 shows that students have 
low critical thinking ability in all indicators. The graph 
in the image above shows that students have low critical 
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thinking ability across all indicators. These results align 
with Indonesia's PISA scores, which indicate low 
student abilities (Yusmar & Fadilah, 2023). Students' 
interpretation ability in understanding and expressing 
the meaning of various problems (Yennita et al., 2023) 
show a low percentage.  The low level of students' 
interpretation ability can be seen in the test items shown 
in the following image, where students are asked to 
choose the correct illustration to interpret the position of 
the Earth and the Moon moving in an orbit. 

The results of students' weak interpretation ability 
result in students' weak ability to explain a statement 
based on evidence or concepts reflected in the 
explanation indicators contained in the following image. 
The low level of students' ability in the explanation 

indicator was seen from one of the item, when students 
were asked to explain the reason why the left side of the 
Moon appeared brighter, after previously being given 
assistance in the form of illustrations. The explanation 
ability indicator falls into the "poor" category, as most 
students are not yet able to provide explanations related 
to the questions given to express their own thinking 
(Astuti et al., 2022). 

 

 
Figure 5. One of the explaination indicator questions on 

students' thinking ability 

 
The weak interpretation ability also have an impact 

on the low percentage of Analysis. Analysis Indicators 
show students' ability to identify relationships between 
available ideas or concepts (Susilowati et al., 2019; 
Arsyad, 2023). One of the analysis indicator items tested 
on students is to analyze the relationship between the 
elements that form the surface temperature of the planet 
Venus, which is the highest in the solar system. Analyisis 
indicator show that students do not yet have the ability 
to identify ideas for analysis and testing in order to 
express beliefs.   

Students on the inference indicator show 
insufficient ability to draw conclusions or make tentative 
assumptions (hypotheses) based on relevant 

information. The result of students being unable to draw 
conclusions affects their inability to assess the credibility 
of a statement, fact, or information through the 
reasoning process, which is reflected in the evaluation 
indicators. The low percentage of students' critical 
thinking skills in the inference and evaluation indicators 
shows that students' thinking processes have not 
reached the stage of in-depth analysis (Zebua et al., 
2024). 

 

 
Figure 6. One of the analysis indicator questions on students' 

thinking ability 

 
The results of the test instrument were analyzed 

using the Iteman application to determine the quality of 
the instrument. the quality of critical thinking ability 
instruments including reliability, differentiation, and 
difficulty levels. The pre-test and post-test instruments 
that were tested obtained a reliability of 0.78 and 0.81, so 
they can be stated as reliable instruments.  an instrument 
that can measure what is to be measured accurately 
(validity) and produces consistent data (reliability) so 
that the measured data does not cause errors in drawing 
conclusions (Azizah & Chalimatusadiah, 2025). The 
developed instrument can be used but requires analysis 
of the level of difficulty and discriminatory power to see 
the quality of the questions. The table below shows the 
results of the analysis of the initial test instrument (Pre-
Test) and the final test (Post-Test) of critical thinking 
ability using the Iteman Application. 

Based on the results of data analysis conducted 
using the obtained that the initial test items and the final 
test have  difficulty levels are in the medium and 
difficult criteria. The critical thinking test instrument 
does not have test items that are in the easy criteria. The 
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level of difficulty on the critical thinking ability test 
instrument which is in the medium and difficult criteria 
has several test items that have poor differentiating 
power. The low level of difficulty means that students 
with low and high abilities cannot be distinguished 

because the questions can be answered by both groups 
of students. The initial test on items number 6 and 10 and 
the final test on items number 4, 6, 7, 8, 9 and 13 have 
poor differentiating power. 

 
Table 6. Critical Thinking Ability Instrument Quality Test Analysis Results 

Test Item 
Pre Test Post-Test 

Level Difficulties Distinguishing Power  Level Difficulties  Distinguishing Power  

1 0.500 0.669 0.292 0.621 
2 0.364 0.325 0.250 0.385 
3 0.455 0.528 0.333 0.455 
4 0.500 0.561 0.167 0.134 
5 0.227 0.249 0.125 0.217 
6 0.182 0.179 0.167 0.195 
7 0.409 0.353 0.083 0.007 
8 0.227 0.379 0.167 0.134 
9 0.227 0.335 0.208 0.068 
10 0.318 0.143 0.458 0.620 
11 0.500 0.380 0.520 0.491 
12 0.227 0.249 0.167 0.257 
13 0.182 0.320 0.083 0.173 
14 0.364 0.250 0.083 0.339 
15 0.364 0.475 0.125 0.356 

The poor differentiating of the test items, based on 
the analysis results, indicates that some test items were 
difficult for students to understand, leading to students 
responding either correctly or incorrectly (Ashari, 2021). 
Furthermore, the distractors were not functioning 
effectively, allowing students who lacked 
understanding to guess correctly (Magdalena et al., 
2021). so they need to be improved to be used in 
measuring students' critical thinking ability.  The ability 
test instruments before and after the improvement 
process can be seen in the figure 7. 

The improved test instrument as in the picture 
above is adjusted to the results of the analysis of the 
instrument test to then be used in the learning process in 
the classroom. The improvements made include 
suggestions and input from the validator in the 
feasibility test related to aspects of material, question 
construction and language and further improvements 
were made based on the instrument quality test in which 
improvements were made to the answer choice options 
that did not make students interpret that there were 2 
correct answer choices and changing the answer options 
to ensure the effectiveness of the distractor could work 
well.  

Test instruments that are valid and reliable and 
have been improved based on quality testing can be 
used to measure critical thinking abilitys. The 
development of critical thinking abilitys according to 
Sudjana in Lestari et al. (2022) requires a test instrument 
as a tool to measure and develop students' critical 
thinking abilitys. The development of test instruments 

that are suitable for use in the learning process needs to 
be done in order to obtain information about students' 
critical thinking abilitys accurately. The development of 
a feasible test instrument is supported by the opinion 
(Febriano et al., 2021) which states that the test 
instrument must be able to measure what you want to 
measure.   
 

 
Figure 7. Revision of critical thinking instrumen test 

 

Revision of Critical Thinking Ability Pre-Test Instrument Items 

  

Before Revision After Revision 

 

Revision of Critical Thinking Ability Post-Test Instrument Items 

  

Before Revision After Revision 
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The test instrument that has been developed has the 
aim of being a good measuring tool in measuring 
students' critical thinking abilities, but in the learning 
process, an appropriate learning model is still needed to 
improve critical thinking abilities. Developing students' 
critical thinking skills requires more effective learning 
strategies, such as integrating problem-based learning, 
inquiry learning, discovery learning, or collaborative 
learning methods to encourage critical thinking (Zebua 
et al., 2024). 
 

Conclusion  

 
Based on the results of the research and data 

analysis, it is known that all critical thinking ability test 
instruments, namely pre-test and post-test, are in valid 
criteria. Test items that are declared valid are tested for 
quality against the level of difficulty and distinguishing 
power. The results of critical thinking ability 
measurements validated by experts show that students' 
critical thinking abilities are low across all indicators. 
The seemingly large difference in percentage scores 
between the pre-test and post-test indicators requires 
testing the quality of the instruments. Instrument quality 
testing shows that the critical thinking ability test 
instruments need for improvement because there were 
several items that had distinguishing power in poor 
criteria. The development of the improved critical 
thinking ability test instrument is a test instrument that 
is suitable for use to measure students' critical thinking 
ability. The development of an improved critical 
thinking ability test instrument is suitable for measuring 
students' critical thinking abilities in the solar system 
material because in the test instrument illustrations are 
developed that are adjusted to the items in the test 
instrument so that it makes it easier for students to 
understand the context of the abstract Solar System 
material with the help of visualization. 
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