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Abstract: 21st-century education demands critical thinking skills, which still need to be 
improved among Indonesian students, especially at the junior high school level. 
Substance matter and its changes have the potential to train critical thinking through 
analysis and real problem-solving but are often taught without in-depth understanding. 
Therefore, the development of problem-based questions is needed to measure and 
improve students' critical thinking skills. This research aims to develop a problem-based 
question instrument to measure students' critical thinking skills on substance topics and 
their changes. This type of research is research and development that involves modifying 
the Borg & Gall model. The instrument developed is in the form of 30 multiple-choice 
questions to determine the achievement of students' critical thinking skills. The questions 
developed are adjusted to critical thinking skills strategies, namely ((1) focus on 
questions; (2) analyze arguments; (3) ask and answer challenge clarification questions; 
(4) consider the credibility of a source; (5) observing and considering the results of 
observations; (6) making deductions and considering the results of deductions; (7) 
making induction and considering the results of induction; (8) making and evaluating 
decisions; (9) identifying assumptions; and (10) determining an action. The validation of 
evaluation experts, subject matter experts, and junior high school science teachers 
showed that problem-based questions were valid and feasible to measure students' 
critical thinking skills toward substance material and its transformation.  
 
Keywords: Problem-based questions; Critical thinking skills; R&D; Assessment. 

  

Introduction  
 

21st-century education emphasizes the mastery of 
life skills (Sarıgoz, 2022), encompassing both cognitive 
and interpersonal competencies, to prepare students to 
meet global challenges and workplace competition 
(Haug & Mork, 2021; Mayarni & Nopiyanti, 2021). 
Cognitive skills include the ability to think critically and 
creatively (Siburian et al., 2019), while interpersonal 
skills involve collaboration and effective communication  
(Haug & Mork, 2021). In science education, critical 
thinking skills are considered essential for students to 
understand scientific concepts, evaluate phenomena, 
and analyze causal relationships in natural events 
(Manassero-Mas & Vázquez-Alonso, 2022; Santos, 2017). 
Critical thinking is central to developing scientifically 
literate individuals who can solve problems 

systematically, draw logical conclusions from evidence, 
and connect scientific knowledge to real-life contexts 
(Paul & Elder, 2019; Paulsen & Dankert, 2022; Supena et 
al., 2021; Sari et al., 2023; Suwistika et al., 2024). It also 
enables students to evaluate information logically, 
interpret data rationally, and formulate well-reasoned 
judgments (Albar & Southcott, 2021;  Umrzokova & 
Pardaeva, 2020). Therefore, developing critical thinking 
skills in science learning is necessary to prepare students 
for real-world challenges (Albar & Southcott, 2021). 

Despite its importance, studies have shown that 
Indonesian students particularly at the junior high 
school level still possess relatively low levels of critical 
thinking (Dewi & Prasetyo, 2016; Nurwahidah et al., 
2020; Suprapto, 2016). This condition highlights a 
significant gap between the vision of 21st-century 
learning and its actual implementation in the classroom. 

https://doi.org/10.29303/jppipa.v11i6.10084
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While critical thinking is a key competency needed for 
global competitiveness, students often struggle to 
analyze information, evaluate arguments, and derive 
logical conclusions (OECD, 2019). For example, the 2022 
PISA survey reported that the average science score of 
Indonesian students was 383, approximately 102 points 
below the global average, indicating weaknesses in 
analysis, evaluation, and reasoning skills. This gap 
suggests that without targeted intervention, students 
will remain unprepared for the demands of the modern 
world. 

This evidence underscores the urgent need for 
effective instructional strategies and assessment 
methods that explicitly cultivate higher-order thinking. 
One contributing factor to the underdevelopment of 
critical thinking is the lack of assessment instruments 
specifically designed to foster such skills. Most science 
test items in Indonesia still emphasize factual recall 
rather than engaging students in analytical or creative 
thought (Nurwahidah et al., 2020; Shanta & Wells, 2022). 
Consequently, students find it difficult to logically and 
systematically interpret scientific phenomena, which 
undermines the essence of science education. 
Addressing this requires assessment tools that are 
aligned with the nature of science and challenge 
students to engage in deeper reasoning processes. 

The topic of "substances and their changes" within 
the science curriculum encompasses core concepts such 
as physical and chemical properties, types of changes in 
matter, and the law of conservation of mass. These 
concepts offer rich opportunities for students to explore 
cause-and-effect relationships and distinguish between 
types of changes by observing simple phenomena  
(Bowen, 2022). For instance, the melting of ice illustrates 
a physical change, while the burning of paper into ash 
exemplifies a chemical transformation. When 
approached through inquiry and reasoning, such 
phenomena help students build strong conceptual 
frameworks and practice critical thinking skills. 
However, in practice, many classrooms still deliver this 
topic through rote methods, resulting in only surface-
level understanding. This instructional gap further 
underscores the need for instructional and evaluative 
strategies that promote real-world problem-solving and 
critical thinking practice. 

Problem-Based Learning (PBL) is one pedagogical 
model deemed effective in enhancing critical thinking. 
Through PBL, students engage with authentic, 
contextualized problems that prompt analysis, 
evaluation, and scientific solution development 
(Kardoyo et al., 2020). This model aligns well with the 
Independent Curriculum, which emphasizes higher-
order thinking and real-world applicability. Moreover, 
PBL supports collaborative and reflective learning, both 
of which are integral to nurturing students’ 

interpersonal abilities (Loyens et al., 2023). In 
assessments, problem-based questions derived from 
PBL contexts can stimulate higher-order cognitive 
processes, such as analysis, evaluation, and synthesis 
thus functioning not only as evaluative tools but also as 
meaningful learning experiences (Tawfik et al., 2021). 
Thus, the integration of PBL-based questions into 
assessment can serve a dual purpose: measuring critical 
thinking and simultaneously fostering it during the 
learning process. 

Therefore, this study aims to develop a set of 
Problem-based questions on the topic of "substances and 
their changes" as an assessment instrument to measure 
and enhance the critical thinking skills of junior high 
school students. These instruments are expected to 
promote deeper conceptual understanding, improve 
problem-solving abilities, and address the urgent need 
for relevant and effective assessment tools aligned with 
the vision of 21st-century education and the principles 
of the Independent Curriculum. 
 

Method  
 
This research is a Research and Development 

(R&D) using the Borg and Gall model. The study was 
conducted at SMP Negeri 1 Kaliwungu Kudus from July 
to September 2024, with the research subjects being 
grade VIII students. This research aims to develop 
problem-based questions on substance matter and its 
changes as an evaluation instrument to measure the 
critical thinking ability of junior high school students. 
The research procedure follows the Borg and Gall model 
which due to time and resource considerations, is 
implemented only up to the seventh of ten stages: (1) 
preliminary study, (2) planning, (3) initial product 
development, (4) product validation, (5) limited trials, 
(6) revision of the main product, and (7) limited product 
dissemination (Borg & Gall, 1983). 

 
Preliminary study 

The first stage is the preliminary study, consisting 
of field and literature studies. Field studies were 
conducted to identify the needs of teachers and students 
related to assessment instruments that can measure 
critical thinking skills in differentiated science learning. 
Based on the results of field studies, it is known that 
teachers need evaluation instruments that not only 
measure conceptual understanding but also train critical 
thinking skills through a problem-based approach. 
Meanwhile, substances and their changes were chosen 
because they are relevant to everyday life, such as the 
phenomenon of physical and chemical change. 
Literature studies were carried out by reviewing 
theories, research, and references related to critical 
thinking skills, problem-based learning (PBL), and 
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substance material and its changes. The results of this 
study were the basis for compiling a question grid. 

 
Planning 

The second stage is planning, where the learning 
outcomes of science in grade VIII are mapped based on 
the Independent Curriculum and adjusted to the critical 
thinking skills strategy from Nitko & Brookhart (2011). 
This strategy includes (1) focusing on the question, (2) 
analyzing the argument, (3) asking and answering 
challenge clarification questions, (4) considering the 
credibility of a source, (5) observing and considering the 
results of observations, (6) making deductions and 
considering the results of the deduction, (7) making 
inductions and considering the results of the induction, 
(8) making and assessing decisions, (9) identifying 
assumptions, and (10) determining an action. This step 
is continued with preparing question indicators and 
developing a grid that refers to the strategy. The details 
of the question numbers based on critical thinking 
ability indicators are presented in Table 1. After the 
planning stage, it proceeds to the initial product 
development stage. 

 
Initial product development 

In the initial product development stage, 
researchers compiled 30 problem-based multiple-choice 
questions, including substance matter and its changes. 
The questions are designed to be contextual, relevant to 
students' lives, and able to measure critical thinking 
skills. In addition, product validation instruments were 
developed to assess the quality of questions regarding 
material/substance, construction, and language.   

 
Product validation 

The next stage is product validation, involving 
material experts, evaluation experts, and junior high 
school science teachers. The material expert assesses the 
suitability of the questions with the basic competencies 
in the Independent Curriculum. Meanwhile, the 
evaluation expert assesses whether the questions are 
able to measure critical thinking skills appropriately. 
Science teachers provide input related to the practicality 
of using questions in classroom learning. Feedback and 
suggestions from validators are then used to revise the 
product to ensure question quality and alignment with 
evaluation objectives. 

 
Limited trials 

The fifth stage in this study is a limited trial 
involving 27 students of class VIII A at SMP N 1 
Kaliwungu Kudus. This stage aims to empirically 
validate the developed problem-based questions related 
to substances and the changes that are developed. 
Furthermore, the analysis of question items was carried 

out using Winstep software with a Rasch measurement 
modeling approach to obtain more in-depth and 
accurate data related to the quality of the questions. 
Students are also asked to provide responses, criticisms, 
and suggestions related to the quality of problem-based 
questions that have been developed. The results of this 
trial are used to identify the weaknesses of the questions 
and as a basis for future product revisions.  

 
Revision of the main product 

The sixth stage is revising the main product, where 
researchers analyze data from limited trial results and 
input from validators and students. This revision aims 
to improve problem-based question instruments to meet 
the question quality criteria regarding 
material/substance, construction, and language. This 
product revision produces a problem-based question 
instrument ready to be used to evaluate students' critical 
thinking skills. 

 
Limited product dissemination 

The seventh stage is limited dissemination. The 
final product is disseminated to science teachers in 
several selected schools at this stage. Teachers are given 
guidance on using problem-based question instruments 
in the learning evaluation process. This stage aims to 
introduce the products that have been developed to 
potential users and get additional feedback for further 
improvements. 

 
Data collection and analysis 

The research data consists of qualitative and 
quantitative data. Qualitative data include responses, 
criticisms, and suggestions from material experts, 
evaluation experts, science teachers, and students 
related to the quality of the questions developed. 
Students' responses were categorized into two 
categories, namely "Good" and "No." Quantitative data 
were obtained from the validator's assessment of the 
questions' content, presentation, and language aspects. 
These assessments are tabulated, averaged, and 
converted into interval data on a scale of four to facilitate 
analysis. The reference for score changes based on 
assessment indicators is presented in Table 2. 

Data analysis was carried out using qualitative and 
quantitative techniques. Qualitative data were analyzed 
through tabulation, simplification, and formulation 
based on input from various parties to improve the 
question instruments. Meanwhile, quantitative data was 
analyzed using descriptive statistics by calculating the 
average validation score for each assessment indicator. 
The results of this analysis are used to evaluate the 
quality of the product and determine the necessary 
revisions before the product is disseminated. This 
combination of qualitative and quantitative analysis 
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ensures that the problem-based question instruments 
developed are valid, practical, and feasible for assessing 
students' critical thinking skills in a contextualized 
manner. 

To enrich data analysis and improve the 
comprehensiveness of the research findings, several 
additional analyses are recommended. First, a 
Differential Item Functioning (DIF) analysis can be 
conducted to examine potential bias in test items across 
various subgroups, such as gender or different levels of 
academic achievement. This helps ensure that the 
developed instrument functions equitably for all 
students. Second, interpreting the Wright Map can 
provide a visual representation of the alignment 

between item difficulty and student ability, which is 
essential in evaluating whether the test items are 
appropriately distributed across the ability spectrum. 
Third, a Test Information Function (TIF) analysis can be 
employed to determine the precision and effectiveness 
of the instrument in measuring student abilities at 
different levels. In addition, a thematic analysis of 
qualitative feedback from students and teachers can be 
used to identify common issues encountered during the 
test, such as linguistic ambiguity, confusing distractors, 
or misalignment with the intended content. Lastly, to 
ensure consistency among validators, the assessment 
criteria were standardized and clearly defined to 
minimize subjective differences in judgment. 

 
Table 1. Indicators and distribution of problem-based questions on the topic of substances and their changes 
Category  Strategy  Description  Number  

Question  

Giving a simple 
explanation 

Focus on questions a) Identify or formulate questions  22  

b) Formulate or select the right criteria to evaluate the material 
presented  

27  

c) Stay focused on the problem and its context 1  

Analyze arguments a) Identify conclusions  10  

b) Identify both explicit and implicit reasons behind the 
argument 

3  

c) Identify similarities and differences between two or more 
arguments 

4  

d) Identify and distinguish relevant from irrelevant 
information in an argument 

7  

e) Explain the logical structure of an argument 23  

f) Summarize the arguments.  6, 18  
Asking and 
answering challenge 
clarification 
questions  

a) Provide a simple explanation 5  
b) Provide relevant examples 24  

Assess basic 
information 
support 

Consider the 
credibility of the 
source 

Assessing the credibility of a source is taking into account 
a) The expertise of the person providing evidence 
b) The clarity and appeal of the information presented 
c) The relevance and consistency of information from 

multiple sources 
d) The reputation of the source of information 
e) Potential biases due to the source's affiliations or interests  
f) The adaptability of the information across different 

contexts 

25  

Observing and 
considering the 
results of the 
observations 

a) Involves some degree of inference or assumption 19 

b) Considers the time interval between observation and 
reporting 

12 

c) Report the results of the observations 20 
d) recording the results of observations,  21 
e) Use appropriate and accurate evidence 29 

f) using good access,  15 

g) using technology  2 

h) accountability for the results of observations  26 

Drawing 
conclusions 

Making deductions 
and evaluating the 
results of deductions 

Applying logical reasoning when analyzing reports and 
drawing conclusions 

11 
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Category  Strategy  Description  Number  
Question  

Formulating 
inductions and 
assessing the 
outcomes 

a) Formulate a hypothesis 30 

b) Design experiments 9 

c) Draw conclusions based on factual evidence 13 

d) Draw conclusions based on experimental results 14 

Making and 
evaluating decisions 
based on evidence 
and values 

Determine whether a conclusion is based on values, and when 
those values are applicable in decision-making 

16 

Doing more 
explanation 

Identifying 
underlying 
assumptions 

Identify assumptions that influence reasoning or belief and 
construct arguments accordingly 

8 

Applying 
strategies and 
tactics in solving 
problems 

Defining and 
implementing 
appropriate actions 

Define problems, generate and assess alternative solutions, 
approach the problem holistically, take action, and evaluate the 
outcomes 

17 

 
Table 2. Results of conversion of problem-based 
question quality assessment scores 
Aspect Score interval Category 

Material/ 
Substance 

13 ≤  𝑀 ̅̅ ̅ ≤ 16 Excellent 

10 ≤  𝑀 ̅̅ ̅ < 13 Good 

7 ≤  𝑀 ̅̅ ̅ < 10 Enough 

4 ≤  𝑀 ̅̅ ̅ < 7 Less 
Construction 16,35 ≤  𝑀 ̅̅ ̅ ≤ 20 Excellent 

12,5 ≤  𝑀 ̅̅ ̅ < 16,25 Good 

8,75 ≤  𝑀 ̅̅ ̅ < 12,5 Enough 

5 ≤  𝑀 ̅̅ ̅ < 8,75 Less 
Language 16,35 ≤  𝑀 ̅̅ ̅ ≤ 20 Excellent 

12,5 ≤  𝑀 ̅̅ ̅ < 16,25 Good 

8,75 ≤  𝑀 ̅̅ ̅ < 12,5 Enough 

5 ≤  𝑀 ̅̅ ̅ < 8,75 Less 

 
 

Result and Discussion 
 

This study aims to develop problem-based 
questions on substances and their transformation as an 
instrument to measure the critical thinking ability of 
junior high school students. The development procedure 
follows the Borg & Gall (1983) model, which is modified 
into seven stages, namely: (1) preliminary study, (2) 
planning, (3) initial product development, (4) product 
validation, (5) limited trial, (6) product revision based on 
limited trial results, and (7) limited dissemination. 

Based on the preliminary study results, information 
was obtained that the Independent Curriculum 
emphasizes the development of students' critical 
thinking skills. Nonetheless, its implementation still 
requires a more rigorous and structured evaluation 
mechanism to effectively cultivate these competencies. 
One of the topics that can potentially develop students' 
critical thinking skills is the topic of substances and their 
changes. This topic includes the definition of substances, 
types of substances (elements, compounds, mixtures), 

properties of substances (physical and chemistry), and 
changes in substances (changes in physical and 
chemistry).  

The observation results show that most of the 
questions contained in the textbook tend to focus on the 
level of basic abilities, such as remembering (C1), 
understanding (C2), and applying (C3). These questions 
are essential to test students' basic knowledge but are not 
sufficient to train critical thinking skills, including 
analysis, evaluation, and problem-solving. Therefore, 
the development of problem-based questions is needed 
to complement the existing evaluation instruments. 

In addition, field studies reveal that students often 
have difficulty understanding the relevance of the topic 
of substances and their changes to daily life. Problem-
based questions are a relevant alternative to encourage 
students to relate the concepts they learn to actual 
phenomena, such as evaporation, combustion, or mixing 
simple materials. Thus, learning will become more 
meaningful, in alignment with the fundamental 
principles promoted by the Independent Curriculum.  

Literature studies were conducted to collect 
information underlying the development of assessment 
instruments. The study was conducted on competencies 
in the junior high school science curriculum, substance 
materials, their changes, critical thinking skills, and 
problem-based learning approaches (PBL). Based on the 
learning outcomes in the Independent Curriculum for 
phase D (grade VII junior high school), the material and 
its changes have great potential to train students' critical 
thinking skills. The learning outcomes emphasized an 
understanding of the process of identifying properties 
and characteristics of substances, physical and chemical 
changes, and simple separation of mixtures. These 
learning experiences are designed to enable students to 
engage in identifying the properties and characteristics 
of substances, differentiate between physical and 
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chemical changes, and perform basic separation of 
mixtures. Meanwhile, the material discussed on the 
topic of substances and their changes is the definition of 
substances, types of substances (elements, compounds, 
mixtures), properties of substances (physical and 
chemistry), and changes in substances (physical and 
chemical changes).  

This material is closely related to everyday 
phenomena that students often experience, such as 
melting ice, boiling water, or burning paper. Through 
this topic, students can be trained to identify, analyze, 
and evaluate information based on real-life situations. 
Literature reviews also show that critical thinking skills 
include indicators such as focusing on questions, 
analyzing arguments, considering the credibility of 
sources, making deductions and inductions, and 
assessing decisions (Nitko & Brookhart, 2011). These 
indicators serve as the foundation for constructing 
problem-based assessment instruments that target 
higher-order thinking skills. 

The planning stage begins with the preparation of 
the initial design of the instrument through needs 
analysis, goal formulation, and framework 
development. This design is prepared based on 
preliminary and literature studies' results. This study 
uses the critical thinking skills strategy from Nitko & 
Brookhart (2011) as a reference. This strategy consists of 
(1) Focus on questions, (2) Analyze arguments, (3) Ask 
questions and answer clarifying challenges, (4) Consider 
the credibility of sources, (5) Observe and consider 
observation results, (6) Make deductions and inductions, 
(7) Assess decisions, (8) Identify assumptions, (9) 
Determine an action. 

The next step in planning is to prepare a grid of 
questions that refer to indicators of critical thinking and 
learning outcomes in the Independent Curriculum. This 
grid contains topic components, indicators of critical 

thinking skills, question types, and forms of problem-
based stimulus. The preparation of this grid aims to 
ensure that the instruments developed are systematic, 
measurable, and aligned with curriculum objectives and 
cognitive skill development. 

Based on the prepared question grid, the researcher 
developed 30 problem-based multiple-choice questions. 
The trial was carried out on 27 SMP Negeri 1 Kaliwungu 
grade VIII students. The problem-based questions tested 
consisted of 30 items with dichotomous scores (1 for 
correct answers, 0 for incorrect answers). Each question 
is accompanied by a stimulus in the form of a description 
of contextual phenomena relevant to student's daily 
lives, such as changes in the form of water, metal rust, or 
the process of separating mixtures. These questions are 
designed to train predetermined indicators of critical 
thinking skills. In addition, validation instruments are 
also prepared to assess the quality of questions from the 
aspects of material/substance, construction, and 
language. The development of this question involves 
using contextual stimuli in the form of texts, tables, 
graphs, or science phenomena that require students to 
analyze information, evaluate data, and draw logical 
conclusions. In the material aspect, the questions are 
designed based on the learning objectives determined 
based on the learning outcomes of science subjects in 
phase D and refer to critical thinking strategies. The 
question sentences are written firmly and 
unambiguously in terms of construction, with explicit 
instructions so students can understand what is being 
asked. The stimulus used is varied and relevant to the 
context of daily life to encourage students to think 
deeply. The language aspect is also a significant concern, 
where question sentences and answer choices are 
written using standard, communicative, and in 
accordance with the level of student development. An 
example of the question display is presented in Table 3. 

 
Table 3. Example of the problem based question 
Question 
number 

Indicator Question 

4 Seeing the Equation and the 
difference between two or 
more arguments; 

4. Pay attention to the following statements! 
(1) The weight of water in one bottle is lighter than the weight of water in one 
large bucket. 
(2) The weight of water in one bottle is the same as the weight of water in one 
large bucket. 
(3) The density of water in one bottle is less than the density of water in one large 
bucket. 
(4) The density of water in one bottle is the same as the density of water in one 
large bucket. 
Numbers indicate the correct statements... 
a. (1) and (3) 
b. (1) and (4) 
c. (2) and (3) 
d. (2) and (4) 
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Question 
number 

Indicator Question 

9 Design experiments 9. A student wants to make his ice cream at home. The ingredients he has are fresh 
milk, sugar, and salt. He also has several containers and a cooler. 
According to Changes in the State of Matter, the following are the most 
appropriate steps for making ice cream. 
(a) Mix all the ingredients, put them in a container, and then place them in the 

freezer. 
(b) Chill the milk first, then mix it with the sugar and salt. Place the mixture in 

an airtight container, then in a container containing ice cubes and salt. Stir 
regularly. 

(c) Heat the milk first, then mix it with the sugar and salt. Chill the mixture 
before placing it in the freezer. 

(d) Combine the milk, sugar, and salt, then beat until frothy. Place the mixture 
in an airtight container and place it in the freezer. 

 
The product validation stage includes one material 

expert lecturer (ME), one evaluation expert lecturer (EE), 
and two junior high school science teachers (T1 & T2). 
The material expert assesses the suitability of the 
questions to the learning outcomes and objectives. In 
contrast, the evaluation expert analyzes the extent to 
which the questions can measure critical thinking skills 
appropriately. This includes examining alignment with 
critical thinking indicators such as analysis, evaluation, 
and inference. Science teachers provide input on the 
practicality of using instruments in the classroom. Their 
feedback covers the ease of implementation, clarity of 
instructions, and time efficiency. The quality of the 
problem-based question products developed in this 
study was evaluated in three aspects, namely the 
material/substance aspect, construction, and language. 
These aspects ensure that the content is conceptually 
accurate, structurally coherent, and linguistically 
accessible to the students. A comparison of the average 
scores of each aspect of the assessment obtained from 
validators and junior high school science teachers is 
presented in Table 4. This comparison is essential to 
identify any discrepancies in perception between expert 
validators and field practitioners regarding the quality 
and applicability of the developed instruments. 
 
Table 4. Average scores of each aspect of the assessment 
Aspects ME EE T1 T2 

Material/ 
substance 13 12 12 12 
Construction 15 14 14 14 
Language 15 15 16 15 

 
The limited trial phase was carried out on 27 grade 

VIII A SMP N 1 Kaliwungu Kudus students to obtain 
empirical validation data on problem-based questions 
on substance topics and their changes developed. Data 
was analyzed using Winstep software with a Rasch 
measurement modeling approach. The statistical 

summary table of the output of the analysis of question 
items is presented in Figure 1. 

 

 
Figure 1. Summary Statistic 

 
Based on the Summary Statistic, a Person measure 

score of 0.43 logit was obtained, indicating that the 
average ability of students was relatively lower than the 
difficulty level of the questions. In Rasch modeling, logit 
scores close to 0 or negative indicate students have 
difficulty answering questions. This means that the 
whole item tends to be difficult for students who are trial 
participants. This can indicate that the difficulty level of 
the questions needs to be balanced with the student's 
ability. The value of Person reliability = 0.50 (weak) 
shows that the consistency of students' ability to answer 
questions is relatively weak. Person reliability measures 
the extent to which students consistently respond to 
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questions. This score indicates that there is a reasonably 
high variation in students' abilities, or there may be 
some students who answer questions inconsistently. 
This score also shows that the question instrument needs 
to map students' abilities well fully. 

The value of the reliability item obtained of 0.86 is 
included in the good category. The reliability item shows 
the extent to which the question consistently measures 
student ability. This value indicates that the quality of 
the questions is quite good, with an adequate and 
reliable distribution of the difficulty level of the 
questions for further measurement. Meanwhile, the 
Alpha Cronbach value obtained at 0.53 shows that the 
overall reliability of the instrument is still low. 
Cronbach's Alpha measures the internal consistency of 
all questions. This value indicates that there is a 
weakness in the connection between questions. The 
factors contributing to this low score may be that some 
questions need to match the student's ability or be too 
complicated, which causes students to answer randomly 
or inconsistently. 

The results of the item measure presented in Figure 
2 show the question's difficulty level and the question 
item's feasibility. In contrast, the category of the 
question's difficulty level is presented in Table 5. 

 

 
Figure 2. Item Measure 

 
Table 5. Problem-based question difficulty level 
developed 
Item Number Nilai Measure Category 

5, 10, 14, 11, 12 > - 2.00 logit It's very easy 
6, 7, 13, 15, 16, 17, 
21, 23 

- 2.00 logit to 0 Easy 

1, 2, 3, 8, 19, 20, 
22, 24, 25 

- 2.00 logit to 0 Difficult 

4, 9, 18 > +2.00 logit Very difficult 

 

Based on the item measure table, item number 4 has 
a value of +2.38 logit, indicating the most challenging 
question item, and item numbers 10, 11, and 12, with a 
measured value of -4.35 logit, is the most 
straightforward question. Of the 30 questions 
developed, five were in the very easy category, 8 in the 
easy category, 9 in the difficult category, and 3 in the 
very difficult category. Meanwhile, to determine the 
feasibility of an instrument item, it can be seen from the 
data of Infit and Outfit Mean Square (MNSQ) values, 
Outfit Z-Standard (ZSTD) values, and Point Measure 
Correlation (Pt Mean Corr) values. The criteria for 
determining the suitability (fit or not) of an item are (a) 
The accepted MNSQ value is 0.5 < the MNSQ < 1.5; (b) 
The accepted ZSTD value is -2.0 < ZSTD < +2.0; and (c) 
The accepted Pt Mean Corr value is 0.4 < Pt Measure 
Corr < 0.85 (Sumintono & Widhiarso, 2013). Most 
questions have INFIT MNSQ and OUTFIT MNSQ 
values in the ideal range. However, several questions 
have extreme scores, such as question number 4 with an 
OUTFIT MNSQ score of 2.75 and ZSTD 2.42 (misfit). The 
possible cause is that the question needs to be clarified). 
In addition, for number 21 with INFIT, MNSQ is 1.78, 
and ZSTD is 1.06 (not fit). This may be because the 
question items do not match the student's ability. 
Questions with an MNSQ close to 1.00 show a good fit, 
for example, questions 18 and 24. 

For Pt Mean Corr data, all questions have positive 
scores, ranging between 0.08 to 0.67. The highest score is 
question number 16 has a Pt Mean Corr value of 0.67, 
showing that this question is very good at measuring 
students' abilities. Meanwhile, question number 4 has a 
Pt Mean Corr value of -0.22, which means it has a low 
correlation value, which indicates that this question may 
need to be revised. The results of this analysis are mostly 
in accordance with the Rasch measurement model and 
are suitable for evaluating students' critical thinking 
skills. However, two question items (number 4 and 21) 
need to be corrected or revised so that the instrument has 
better validity and reliability. The difficulty level of the 
questions varies, ranging from easy moderate, to 
complex, looks evenly, and is drawn through the Wright 
map or Person-Item Map on Figure 3. This variation in 
difficulty level is essential to ensure that the instrument 
can measure students' abilities comprehensively and 
fairly. 
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Figure 3. Person-Map-Item output 

 
Based on the output of Person-Map-Item, the 

distribution of student's ability levels and difficulty 
levels of the questions is displayed on the same logit 
scale. The students with the highest ability are in logit 
+3, while those with the lowest ability are in logit -3, 
with the majority of students concentrated in the 0 to +1 
logit range. This shows that most students have 
moderate ability, although some students have very 
high and very low ability. 

On the other hand, the difficulty level of the 
questions varies from the most difficult to the easiest. 
Question number 4 has a value of +3 logits, making it the 
most difficult question, and can only be answered by 
students with the highest ability. In contrast, questions 
10, 11, and 12 have a value of -4 logits, which shows that 
these questions are very easy and can be done by almost 
any student. Most questions are spread in the logical 

range of -1 to +1, which is entirely on the ability of most 
students. 

The imbalance was seen in questions that were too 
difficult (number 4) and questions that were too easy 
(numbers 10, 11 and 12). These questions need to be 
reviewed because they could be more effective in 
distinguishing students' abilities. Questions that are too 
difficult may be caused by excessive ambiguity or 
complexity, while questions that are too easy do not 
provide significant information in the evaluation. 
However, most questions around logits 0 to +1 are good 
enough to distinguish students with intermediate 
abilities. Overall, the instrument has a fairly good 
distribution of difficulty, although some problems need 
to be improved to create a more optimal balance. 

The revision stage is carried out based on the results 
of limited trials and input from validators. Examples of 
product revisions are presented in Table 6. The revised 
final product is disseminated in limited dissemination to 
science teachers in several schools. Teachers are given 
guidance regarding using problem-based question 
instruments as an evaluation tool in science learning. 
This dissemination aims to introduce the product and 
get additional feedback for further refinement. 
 
Table 6. Example of product revision of problem-based 
question instruments 
Question 
Number 

Commentary Revision Results 

4 Question 
sentences 
should be 
corrected so 
that they are 
easier for 
students to 
understand 

Correcting sentence 
redaction 
4. Pay attention to the 
following statements! 
(1) The weight of water in one 
bottle is lighter than the 
weight of water in one large 
bucket. 
(2) The weight of water in one 
bottle is the same as the 
weight of water in one large 
bucket. 
(3) The density of water in 
one bottle is less than the 
density of water in one large 
bucket. 
(4) The density of water in 
one bottle is the same as the 
density of water in one large 
bucket. 
Numbers indicate the correct 
statements... 
a. (1) and (3) 
b. (1) and (4) 
c. (2) and (3) 
d. (2) and (4) 
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Problem-based questions can improve students' 
critical thinking skills, especially in the material 
"Substances and Their Changes," by relating science 
concepts to daily life. The questions developed often 
focus on events students usually experience or do, such 
as making ice cream, boiling water, or sublimating 
camphor. Presenting relevant and contextual problems 
encourages students to actively think, analyze, and solve 
issues related to physical and chemical phenomena 
(Abrami et al., 2015). The questions are usually 
accompanied by initial information—such as reading 
passages, images, or graphics—linked to the topic being 
studied, prompting students to process data and connect 
it to prior knowledge. 

Problem-Based Learning (PBL) is a constructivist 
approach that engages students in authentic problem-
solving and fosters deeper conceptual understanding 
(Yu & Zin, 2023). In junior high school science, PBL can 
make abstract topics such as “Substances and Their 
Changes” more meaningful by embedding them in real-
world contexts, including environmental issues or 
everyday science phenomena (Smith et al., 2022). This 
contextualization increases student interest and 
motivation, an important factor given the decline in 
engagement when instruction relies solely on traditional 
methods (Reyes, 2025). Well-designed PBL activities 
enhance critical thinking as students analyze 
information, evaluate options, and apply concepts to 
solve non-routine problems (Yu & Zin, 2023). Within a 
PBL framework, the teacher serves as a facilitator or 
expert learner (Prasad & O’Malley, 2022), guiding 
students to build understanding through inquiry and 
reasoning, thereby fostering scientific literacy 
(Miterianifa et al., 2021). 

This approach requires students to go beyond 
memorization, applying critical thinking skills to answer 
questions (Sari et al., 2019). They must observe, gather 
data, and draw conclusions grounded in relevant 
scientific concepts (Gürses et al., 2022). Over time, this 
process develops their understanding and sharpens 
critical thinking skills essential for scientific problem-
solving (Jiménez Pérez et al., 2025). Asyari et al. (2016) 
found that PBL improves critical thinking because it 
involves students in problem-solving that requires 
analysis and evaluation. Similarly, Santos-Meneses et al. 
(2023) note that problem-based questions push students 
to think deeply and critically, connecting knowledge to 
real-life contexts rather than relying solely on 
memorization (Hanzlová & Kudrnáč, 2024). 

Designing effective written problem-based 
questions requires adherence to several best practices. 
First, questions should be rooted in contexts that are 
familiar or meaningful to seventh graders, linking 
chemical concepts to their experiences or societal issues 
to boost relevance and engagement (Muhibbuddin et al., 

2023). Second, they should be open-ended or ill-
structured, allowing for multiple approaches or partial 
solutions and encouraging flexible thinking. 
Incorporating higher-order prompts, such as “why” and 
“how” instead of “what”, guides students to explain 
their reasoning and consider alternatives. Questions 
should also align with curriculum goals (e.g., scientific 
inquiry) and progress from guided problems to 
independent inquiries as students’ skills develop. 
Scaffolding through hints, diagrams, or preliminary 
questions can activate prior knowledge without 
revealing the answer. While specific guidelines vary, 
research consistently emphasizes including explicit 
critical thinking elements, such as evaluating claims or 
designing solutions, to make PBL more effective  (Yu & 
Zin, 2023). 

Assessment of student responses to written 
problem-based questions should evaluate not only the 
correctness of the final answer but also the quality of the 
reasoning process. Clear, criterion-based rubrics—such 
as those developed by Reynders et al. (2020) that define 
performance levels in analysis, use of evidence, and 
logical coherence, help teachers communicate 
expectations and provide consistent feedback. A rubric 
might allocate points for identifying relevant concepts, 
interpreting data accurately, explaining relationships 
between variables, and justifying conclusions with 
chemical reasoning. Although open-ended questions 
take longer to grade, they allow for partial credit and 
reveal students’ thought processes. In larger classes, 
combining question types (e.g., higher-order multiple 
choice or short-answer alongside open problems) can 
still target critical thinking by including scenario-based 
items or requiring explanations. Formative applications, 
such as class discussions of model answers or peer 
reviews, can strengthen critical thinking before 
summative assessments.  

In conclusion, problem-based questions on 
“Substances and Their Changes” not only deepen 
students’ understanding of scientific concepts but also 
cultivate critical thinking skills. This approach fosters 
active, creative, and analytical engagement with 
scientific problems, enhancing both conceptual mastery 
and higher-order thinking. 

 

Conclusion  
 
This study succeeded in developing a problem-

based question instrument on the topic of substances 
and their changes to measure the critical thinking skills 
of junior high school students by following seven stages 
of the modified Borg & Gall model. A total of 30 
questions were developed and validated by material 
experts, evaluations, and science teachers, showing 
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good quality in material, construction, and language. 
The trial using Rasch modeling on 27 students showed a 
varied distribution of problem difficulty. However, two 
questions (4 and 21) must be revised to match the 
student's abilities. Although the instrument's reliability 
still needs to be improved, most of the questions are 
feasible to evaluate students' critical thinking skills 
comprehensively, with a fairly good distribution of 
difficulty levels. The revised instrument is disseminated 
on a limited basis to science teachers as a more 
contextual evaluation tool and by the principles of the 
Independent Curriculum. 
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