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Abstract – One of the 21st-century skills that 
students must possess is critical thinking. An 
instrument is needed to assess the level of success in 
developing students' critical thinking abilities. The 
contribution of this research is the development of 
numeracy problems based on Education for 
Sustainable Development (ESD) that can measure 
students' critical thinking abilities. This research is 
quantitative, with analysis using Ministep software and 
involving 75 students as research subjects. Numeracy 
problems were developed using the 3-D model with the 
stages of define, design, and develop. The results of this 
study indicate that the 15 developed numeracy 
problems are valid as they meet at least one criterion of 
validity and reliability, with an item reliability value of 
0.96. This suggests that the instrument can effectively 
measure critical thinking skills, cover a diverse range 
of difficulty levels, and ensure that the formulated 
questions are suitable for measuring and assessing 
various student abilities. These results indicate that the 
ESD-based numeracy problems developed can be used 
as reference material in similar research or studies 
related to the analysis of students' critical thinking 
abilities in solving ESD-based numeracy problems.  
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1. Introduction

21st-century skills have become an integral part 
of the vocabulary in the field of education, 
considering the changes and technological 
advancements that require individuals to possess 
complex competencies and abilities. One of the seven 
life skills needed in the 21st century is critical 
thinking and problem-solving skills [1]. Other 
perspectives also mention that 21st-century skills 
encompass various soft skills and dispositions, 
including cross-cultural skills, collaboration skills, 
critical thinking, and problem-solving skills [2]. 
These perspectives highlight critical thinking as a 
necessity for everyone living in the 21st century. 
Critical thinking is reasoned reflective thinking 
focused on determining what to believe or do [3]. 

Critical thinking skills have been recognized as 
one of the most important thinking skills and a 
crucial indicator of the quality of students' learning 
[4]. The field of knowledge capable of developing 
critical thinking, creativity, collaboration, and 
communication skills is mathematics education. 
However, the importance of critical thinking skills is 
not aligned with the mathematics proficiency of 
Indonesian students, which is still below 
international standards. The results of the OECD's 
2022 PISA study indicate that the average score of 
Indonesian students in mathematics proficiency is 
366, compared to the OECD's average score of 472 
[5]. These results are not significantly different from 
the PISA 2018 results, which showed that Indonesia 
is still in the low-performance quadrant with high 
equity. Therefore, there is still an opportunity for 
Indonesia to improve critical thinking skills as it 
possesses untapped capacity and potential [6]. 
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The cognitive ability of students in critical 
thinking can be measured and observed through the 
results of formative tests [6]. The importance of 
measuring critical thinking abilities lies in the fact 
that critical thinking is an essential skill that can 
serve as an indicator of success in achieving 
competency standards in the learning process [8]. 
Measuring critical thinking skills not only functions 
as an indicator of success in education but also serves 
as a foundation for continuous improvement in 
education, leading to an enhancement in the quality 
of thinking and the preparedness of students to face 
complex changes in the future. 

Appropriate and effective assessment tools are 
necessary for measuring students' critical thinking 
abilities. These assessment tools must be well-
designed to comprehensively identify students' 
critical thinking abilities, referring to key indicators 
of critical thinking. The core activities of critical 
thinking include analysis, evaluation, and further 
argumentation [9]. One assessment related to critical 
thinking abilities is the Minimum Competency 
Assessment (AKM) [10]. The minimum competency 
assessment involves numeracy as one of its 
components. Numeracy is the ability to think using 
mathematical concepts, procedures, facts, and tools 
to solve everyday problems in various relevant 
contexts for individuals as citizens of Indonesia and 
the world [11]. 

Abstract numeracy skills within the context of 
mathematics learning are a prerequisite for 
leveraging mathematical thinking abilities in real-life 
situations [12]. Numeracy questions used in 
assessments can encompass various contexts and 
demand critical thinking relevant to real-world 
challenges. Therefore, students are not only assessed 
on their mathematical abilities but also on their 
ability to apply critical thinking in complex and 
diverse situations. Students with high numeracy 
skills demonstrate better critical thinking abilities in 
completing critical thinking tests compared to 
students with low numeracy skills [13]. Hence, to 
measure the extent of students' critical thinking 
abilities, it is essential to examine their skills in 
solving numeracy problems. 

The ability to interpret problems in real life is 
closely related to numeracy questions. In this 
context, students are not only exposed to 
understanding mathematical concepts but also to the 
real-life application of numeracy in everyday 
situations. These aspects include knowledge, skills, 
attitudes, and values that are highly relevant to 
shaping a sustainable future. 

Education for Sustainable Development (ESD) 
has become a key element in supporting the 
sustainable development goals (SDGs) program.  

ESD aims to provide learners with knowledge, 
skills, values, and the ability to make informed 
decisions and act responsibly for environmental 
integrity, economic sustainability, and a fair society 
for the present and future generations, respecting 
cultural diversity [14]. This makes questions with 
ESD concepts require learners to think critically as 
they involve analysis, evaluation, and problem-
solving in complex situations relevant to current 
global issues and those that may arise in the future. 

Within the context of numeracy questions based 
on education for sustainable development (ESD), 
learners are confronted with more complex critical 
thinking tasks. They are not only required to 
understand and apply mathematical concepts but also 
to analyze, evaluate, and solve problems in complex 
situations relevant to current global issues and those 
that may arise in the future. Thus, the development of 
numeracy questions integrating ESD concepts not 
only enhances mathematical literacy but also 
stimulates the development of students' critical 
thinking skills. 

One of the reasons for the low mathematics 
proficiency of Indonesian students, as mentioned 
earlier in the PISA 2022 results, is the lack of 
students' exposure to numeracy-based exercise 
questions designed to improve their skills [15]. 
Insufficient exposure to this type of question can 
have a negative impact on the development of 
students' numeracy literacy, coupled with a lack of 
practice and exposure to mathematical contexts in 
everyday life. 

Teachers' skills in designing and presenting 
numeracy-based questions to train students' 
numeracy literacy are also crucial [16]. Therefore, 
improving teachers' skills in creating relevant and 
motivating numeracy exercises can play a vital role 
in enhancing students' math achievements. Despite 
numerous studies on the development of evaluation 
instruments and math exercises, there are limitations 
in research focusing on the development of numeracy 
questions based on education for sustainable 
development (ESD). In facing the complexity of 
current global challenges, integrating ESD concepts 
into numeracy questions becomes increasingly 
important to provide a holistic and relevant learning 
approach. Therefore, further research on the 
development of numeracy questions based on ESD is 
expected to enrich the literature and make a 
significant contribution to improving the 
mathematics skills of Indonesian students. 

The development of numeracy questions based on 
ESD remains interesting for expansion, given the 
need for sustainable development and the rapidly 
changing landscape that demands instruments 
relevant to the skills to be measured.  
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Several studies on the development of ESD-based 
numeracy questions in Indonesia mostly focus on 
elementary school students; hence, there is a need for 
development at the secondary school level. 
Therefore, this research aims to generate ESD-based 
numeracy questions for Grade XI high school 
students. 

The main objective of this research is to produce 
ESD-based numeracy questions that can be used as a 
tool to measure the critical thinking abilities of high 
school students. The developed questions are 
expected to meet high validity and reliability criteria. 
Thus, the research questions in this study are: 1) 
What is the process of developing ESD-based 
numeracy questions to measure critical thinking 
abilities? 2) What are the results of developing ESD-
based numeracy questions to measure critical 
thinking abilities that can be considered valid and 
reliable? 

Through this research, it is anticipated to make a 
positive contribution to the development of 
evaluation instruments relevant to the needs of 
sustainable development, especially at the high 
school level, and serve as a foundation for the 
development of numeracy literacy and critical 
thinking skills among students in Indonesia. 
 
2. Methodology 
 

The type of research used is research and 
development (R&D). Numeracy questions based on 
education for sustainable development are designed 
and developed using the "3-D Model," which stands 
for its four main stages: define, design, and develop 
[17]. The first stage is define, aiming to identify and 
formulate learning requirements and needs. There are 
five steps in this stage, including (1) front-end 
analysis, (2) student analysis, (3) task analysis, (4) 
concept analysis, and (5) objective specification. 

The next stage is design, with the goal of 
designing a prototype of numeracy questions to 
measure critical thinking abilities. There are four 
steps in this stage, including (1) test blueprinting, (2) 
media selection, (3) format selection, and (4) initial 
design. 

The process then proceeds to development. 
Components created in the previous stages need to be 
modified before becoming the final version. This 
stage aims to gather feedback through formative 
evaluation, which is then revised. There are two main 
steps in this stage, including (1) expert validation, 
which assesses the feasibility of the prototype 
product by competent validators in their field, and (2) 
limited testing and field testing. Limited testing 
involves testing the product on a small scale to 
identify imperfect parts for revision based on 
question readability and student feedback.  

Testing and revisions are repeated until the 
product is consistent. In this study, limited testing 
was conducted with 7 students, while field testing 
aimed to analyze quality criteria, namely validity and 
reliability using Rasch modelling. Field testing in this 
study involved 75 students from Grade XI at Senior 
High School in Bondowoso, Indonesia. 

The instruments, aspects assessed, and 
respondents in the study can be seen in Table 1. 

 
Table 1. Instruments, aspects assessed, and respondents 
 

Instrument Aspects Assessed Respondents 
Prototype of 
numeracy 
questions based 
on ESD 

Alignment of 
numeracy questions 
with the AKM 2021 
framework, ESD, and 
critical thinking 
ability indicators 

Conducted by 
the researcher 

Expert 
validation sheet 

Validity of numeracy 
question devices 

Expert 
validators 

Question 
readability 
questionnaire 

Readability of 
questions 

Limited test 
subjects 

Prototype of 3 
numeracy 
questions based 
on ESD 

Valid and reliable Field test 
subjects 

Instrument Aspects Assessed Respondents 
 
The data collection method in this research 

involves the use of questionnaires and tests. The 
questionnaire method includes a validation sheet for 
experts and a questionnaire on question readability 
through Google Forms during the limited test. The 
validity level of the data resulting from expert 
validation of the prototype of numeracy questions 
based on ESD is assessed using the validity 
assessment steps [18]. Meanwhile, the test method is 
conducted during the limited and field tests. The 
results of the field test are then analyzed using Rasch 
analysis. 

The quantitative validation process includes a 
review of the following aspects: (1) mean square 
outfit (MNSQ) values accepted: 0.5 < MNSQ < 1.5, 
(2) standardized z-values (ZSTDQ) accepted: -2.0 < 
ZSTD < 2.0, (3) point measure correlation (Pt 
Measure Corr) values accepted: 0.4 < Pt Measure < 
0.85 [19], [20]. Questions that are considered valid 
must meet at least one of these criteria [20]. 

Reliability analysis is conducted by considering 
Cronbach's alpha value, person reliability, and item 
reliability. Cronbach's alpha value (n) is used to 
measure the overall reliability of the interaction 
between numeracy questions and respondents. If the 
value of n is less than 0.5, it can be considered poor. 
If the value is in the range of 0.5 to less than 0.6, it 
can be categorized as poor.  
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If the value is in the range of 0.6 to less than 0.7, 
reliability is considered sufficient. If the value is in 
the range of 0.7 to less than 0.8, it can be categorized 
as good. Meanwhile, if the value of n reaches 0.8 or 
more, reliability is considered excellent [21]. 

The person reliability (P) value is used to 
determine the consistency of respondent answers, 
while the item reliability (P) value is used to assess 
the quality of items in numeracy questions. If the P 
value is less than 0.67, reliability is considered weak. 
If the P value is in the range of 0.67 to less than 0.80, 
reliability can be categorized as sufficient. If the P 
value is in the range of 0.81 to less than 0.90, 
reliability is considered good. If the P value is in the 
range of 0.91 to less than 0.94, reliability is 
categorized as excellent. Finally, if the P value is 
0.94 or higher, reliability is considered outstanding 
[21]. 

The Rasch model involves only one logistic 
parameter, which is the difficulty level of the 
questions. From the field test data, the difficulty level 
of each question can be analyzed. The difficulty level 
of each question is indicated on the item map in the 
form of a vertical graph. Measure value less than -1 
indicates a very easy item, a value between -1 and 0 
is categorized as an easy item, a value between 0 and 
1 is categorized as a difficult item, and a measure 
value above 1 indicates a very difficult item [21]. In 
the Ministep software, person measure indicates the 
average value of respondents in the instrument. An 
average value greater than logit 0.0 means that 
respondents tend to answer correctly on various 
numeracy questions. 

Student score data from the field test results are 
analyzed to group students through person grouping. 
Person grouping can be identified through the 
separation value. The higher the separation value, the 
better the quality of the instrument in terms of overall 
respondents and numeracy questions. To separate 
individual groups, the equation H = 
[4×SEPARATION+1]:3 can be used. 
 
3. Results 
 

Numeracy questions based on education for 
sustainable development to measure critical thinking 
skills are developed using the "4-D Model" with 
modifications [17]. In this research, the development 
process consists of the definition stage, the design 
stage, and the development stage. The first stage is 
the definition stage, starting with front-end analysis. 
In this stage, a preliminary study is conducted on the 
conditions of the 21st century, which require 
individuals to have critical thinking and problem-
solving skills.  

Critical thinking skills are important to measure 
as they serve as a foundation for continuous 
improvement in education.  

Numeracy questions are considered a suitable tool 
for measuring critical thinking skills. These 
numeracy questions are integrated with education for 
sustainable development because questions with this 
concept will require learners to think critically, 
involving analysis, evaluation, and problem-solving 
in complex situations relevant to global issues. 
Additionally, the current development of numeracy 
questions is limited, necessitating the creation of new 
numeracy question products. 

The next step is student analysis. The results of 
the PISA study released by the OECD in 2022 
indicate that the average score of Indonesian students 
in mathematics is not significantly different from 
previous PISA results, which were below average 
and categorized as low performance with high equity. 
This suggests that there is still an opportunity for 
Indonesia to improve critical thinking skills. The 
numeracy questions used in the national assessment 
in Indonesia follow the AKM model; therefore, the 
developed numeracy questions will also use the 
AKM model. In the task analysis stage, the 
measurement to be conducted focuses on critical 
thinking skills. Thus, the designed numeracy 
questions must refer to critical thinking indicators 
integrated with the cognitive levels in the AKM 
model numeracy questions. 

The next step is the concept analysis stage. In this 
stage, the determination of the domain developed in 
numeracy questions is done, aligning with the AKM 
2021 framework. The content includes number and 
algebra, covering three contexts: personal, socio-
cultural, and scientific, based on education for 
sustainable development. Based on the analysis 
results from previous activities, the purpose of 
developing numeracy questions based on education 
for sustainable development is to measure critical 
thinking skills and serve as a reference for numeracy 
questions. 

The second main step is the design, starting with 
the development of a reference test, involving a 
literature review on ESD-based numeracy questions 
to measure critical thinking skills. This includes 
seeking information about global conditions, 
especially in Indonesia, related to sustainability 
aspects. The activity then proceeds with the 
development of a numeracy question matrix. The 
detailed components of AKM and ESD topics used in 
the questions are presented in Table 2. 
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Table 2. Distribution of question components 
 

AKM Components 
ESD Topics Question Format Number of Question Con 

tent Cognitive Level Context 

Number Application 

Scientific Environment Complex Multiple Choice 2 
Short Answer 1 

Social-Cultural Economy 
Complex Multiple Choice 3 

Short Answer 2 
Matching 1 

Reasoning Scientific Environment Complex Multiple Choice 1 

Algebra Application 
Personal Environment Multiple Choice 2 

Scientific Economy Multiple Choice 1 
Short Answer 1 

Reasoning Social-Cultural Social Complex Multiple Choice 1 
 
The next step is the selection of media. The 

chosen test medium is through Google Forms (g-
form). This is done with the principle of 
sustainability, reducing the use of paper. However, 
the stimuli remain in hardfile form with the 
consideration that students can more easily work on 
the questions. The selected format is closely related 
to the previous step, which is the selection of media. 
In this research, the format referred to is the form of 
the question. The developed numeracy questions 
come in multiple-choice, complex multiple-choice, 
matching, and short answer formats. Questions in 
these forms are designed in such a way that students 
need the ability to analyze the given information, 
evaluate the answer options, and have a deep 
understanding of the content, as well as the ability to 
assess the accuracy or relevance of information. 
Numeracy questions also need to be accompanied by 
instructions to guide students before working on the 
questions. 

In the initial design step, the process involves 
designing the numeracy test instrument, including the 
numeracy AKM matrix, answer alternatives, scoring 
guidelines, and numeracy questions adapted to the 
developed format. After the creation of the questions 
is completed, which in this case is in the form of 
prototype 1, the validation sheet is prepared before 
the test. 

The third main step is development, starting with 
the validation process. The education for sustainable 
development-based numeracy questions were 
validated by two validators from the Mathematics 
Education Department at the University of Jember. 
The validation process of the research instrument is 
carried out by providing validation sheets along with 
matrices, education for sustainable development-

based numeracy question sheets, answer alternatives, 
and scoring guidelines. Aspects of expert validation 
for education for sustainable development-based 
numeracy questions consist of four aspects: material, 
construction, language, and ethics. 

Based on the validation results attached, the 
average total score (Va) for all aspects from both 
validators is 4.685, falling within the range of 
4≤Va<5. Therefore, the validity criteria for the 
developed numeracy questions are valid with 
revisions. After receiving and considering the 
suggestions from both validators, the revised version 
of the numeracy questions based on education for 
sustainable development is in the form of prototype 
2. 

The next step is the product testing phase, 
consisting of limited testing and field testing. The 
research instrument in the form of prototype 2 is 
tested in a limited manner with 7 randomly selected 
students from grade 12 at Senior High School in 
Bondowoso, Indonesia. The limited testing aims to 
assess the readability of the questions within a 60-
minute timeframe. Meanwhile, field testing is 
conducted with students from grade 11 at Senior 
High School in Bondowoso. The purpose of the field 
testing is to measure the validity and reliability of the 
developed numeracy questions in assessing critical 
thinking abilities. Before answering the questions, 
respondents are provided with instructions and 
guidelines for responding to numeracy questions 
based on ESD. 

The readability of the questions is analyzed based 
on a questionnaire on the readability of questions, 
considering feedback from limited testing subjects. 
The results of the limited testing respondents' 
questionnaire can be seen in Figure 1. 
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Figure 1. Results of respondent questionnaire as limited testing subjects 
 

Based on the questionnaire results, there was a 
negative response from one respondent, indicating 
the need for a second limited test with a revised 
instrument, namely Prototype 2. The revision of the 
question instrument in the form of Prototype 2 was 
carried out, taking into account the feedback from 

respondents regarding the developed numeracy 
questions.  

The subsequent revision results were used for the 
second limited test with the same research subjects. 
The respondent questionnaire results from the second 
limited test are presented in Figure 2. 
 

 
 

Figure 2. Results of respondent questionnaire as second limited testing subjects 
 

Based on these questionnaire results, there were 
no negative responses from the respondents, 
indicating that the field trial could proceed. However, 
there were revisions or suggestions for question 
number 2 to provide more comprehensive 
information from the Ministry in Indonesia. 
Subsequently, the revised results of the numeracy 
question instrument based on Education for 
Sustainable Development in the form of Prototype 3 
are presented in the QR Code in Figure 3. 
 

 
Figure 3. Numeration problems based on ESD 
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Recapitulation of scores obtained by each 
respondent was conducted after the implementation 
of the field trial. The results of the scores in the field 
trial are raw scores that need further analysis. The 
raw scores of respondents will be processed using 
Ministep software. Each item is labeled S1, S2, and 
so on, up to S15, according to the order of the 
questions during the field trial. Rasch analysis with 
Ministep can depict the distribution of subject 
abilities and the distribution of item difficulty levels 
on the same scale. The item map can be seen in 
Figure 4. 

 

 
 

Figure 4. Item map 
  

The distribution of subject abilities is on the left 
side, while the distribution of items is on the right 
side. Respondent frequencies indicate the spread of 
respondents within the logit value ranges, as well as 
with the items. For example, S5 is a question with the 
highest logit value, falling within the 2 to 3 intervals.  

 

Generally, questions in the test are more difficult 
when compared to the subjects' abilities based on the 
item map. Theoretically, no subjects would have a 
chance of answering correctly on a question with 
code S5 because they have lower abilities than the 
difficulty level of that question. 
 
3.1.  Validity Analysis 
 
 The validity of an item can be examined based 
on three criteria: outfit mean square (MNSQ), outfit 
z-standard (ZSTD), and point measure correlation (Pt 
Measure Corr). An item is considered fit or valid if it 
meets at least one criterion. Item fit provides 
information on whether the developed item functions 
normally in measurement. An unfit item indicates the 
presence of misconceptions among subjects in 
answering that question. Information regarding the 
item fit of a particular item can be seen in Table 3. 
 

Table 3. The results of the fit order items 
 

No MNSQ ZSTD Pt Mean Corr 
S1 2.41 1.90 .21 
S2 1.47 1.95 .43 
S3 1.36 .66 .09 
S4 1.36 .70 .25 
S5 1.33 .96 .29 
S6 1.28 1.06 .39 
S7 .87 .06 .25 
S8 .94 -.04 .50 
S9 .80 -.87 .58 

S10 .77 -.77 .55 
S11 .73 -.75 .55 
S12 .77 -1.04 .62 
S13 .81 -.67 .64 
S14 .31 -.93 .46 
S15 .29 -1.08 .53 

 
Based on the information in Table 3, it is 

obtained: Question item S6 meets one criterion, 
namely the outfit ZSTD, as it has a value within the 
interval -2 to 2, while the values of outfit MNSQ and 
Pt Measure Corr for S6 are outside the specified 
interval. Question items S7, S10, S12, and S15 meet 
two criteria, namely outfit MNSQ as they have 
values within the interval 0.5 to 1.5 and outfit ZSTD 
as they have values within the interval -2 to 2, while 
the Pt Measure Corr values for S7, S10, S12, and S15 
are outside the specified interval. Question items S2 
and S11 meet two criteria, namely outfit ZSTD as 
they have values within the interval -2 to 2 and Pt 
Measure Corr as they have values within the interval 
0.4 to 0.85.  

Logit Values 

Respondent Frequencies 

Item Questions 
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The outfit MNSQ values for S2 and S11 are 
outside the specified interval, while question items 
S1, S3, S4, S5, S8, S9, S13, and S14 meet all three 
validity criteria as they are within the specified 
intervals, i.e., outfit MNSQ values between 0.5 and 
1.5, outfit ZSTD values between -2 and 2, and Pt 
Measure Corr values between 0.4 and 0.85. 

These results indicate that all question items have 
met at least one validity criterion, and thus, all 
question items are considered fit or valid. The 
conclusion from this validity analysis is that there is 
no need to modify or eliminate any questions. 
 
3.2.  Reliability Analysis 
 
 The analysis results based on summary 
statistics from the Ministep software for field trial 
data involving 75 students as research subjects 
answering 15 numerical questions are presented in 
Table 4. 
 
Table 4. The summary statistics results of the field trial 
 

Measured Separation Reability 
Person 1.57 .71 
Item 4.85 .96 

Alpha Cronbach 1.47 .71 
 

Based on the information in Table 4, it is obtained 
that the Cronbach's alpha value, indicating the 
reliability measure, which is the interaction between 
respondents and test items, is 0.71, signifying good 
reliability. The person reliability value in the model 
is 0.71 with a separation of 1.57, meaning that the 
subjects are quite diverse as they have a wide range 
of abilities. The test items in the model have a 
separation of 4.85 and item reliability of 0.96. These 
values indicate that the quality of the questions is 
outstanding, and the test functions quite well, as it 
has a diverse range of difficulty levels, making the 
developed questions suitable for measuring students' 
abilities. 
 
3.3.  Difficulty Level Analysis 
 

The results of the item difficulty level analysis are 
presented in Table 5 below. 
 

Table 5. Measurement order of each test item 
 

No JMLE Measure No JMLE Measure 
S5 2.92 S9 -.05 

S11 2.11 S7 -.21 
S2 1.74 S4 -1.49 

S15 1.74 S14 -1.57 
S6 1.31 S3 -1.65 
S1 .46 S8 -2.06 

S10 .37 S12 -3.88 
S13 .28   

According to Table 5, item 5 has the highest logit 
value, which is +2.92, indicating that item number 5 
is a question that few respondents can solve, 
specifically 3 out of 75 respondents. Meanwhile, 
item 12 has the lowest logit value, which is -3.88, 
signifying that item number 12 is a question that can 
be solved by many respondents, specifically 67 out 
of 75 respondents. 

The difficulty level of the questions can be 
observed in the measure values. Following the 
guidelines for assessing items [21], questions 2, 5, 6, 
11, and 15 fall into the category of very difficult 
questions as they have measures greater than +1. 
Questions 1, 10, and 13 are categorized as difficult 
questions because their measures are within the 
interval of 0 to +1. Questions 7 and 9 are categorized 
as easy questions as their measures fall within the 
interval of -1 to 0, while questions categorized as 
very easy are represented by questions 3, 4, 8, 12, 
and 14 due to having measure values below -1. 
 
3.4.  Student Ability Analysis 
 

Information about the logit values of each 
respondent is presented in Table 6 below. 
 
Table 6. Respondents’ logit values 
 

Respond
ent 

JMLE 
Meas
ure 

Respond
ent 

JMLE 
Meas
ure 

Respond
ent 

JMLE 
Meas
ure 

A1004 2.13 A2001 -0.57 C1003 -1.54 
C1006 1.61 A3005 -0.57 C1009 -1.54 
A2006 1.15 A3006 -0.57 D1004 -1.54 
A2007 1.15 A3008 -0.57 D1007 -1.54 
C1004 1.15 A4002 -0.57 A1001 -2.11 
C1010 1.15 A5009 -0.57 A4004 -2.11 
A2002 0.71 A6004 -0.57 A5007 -2.11 
A2003 0.71 A6007 -0.57 A5008 -2.11 
A2005 0.71 C1008 -0.57 A6001 -2.11 
B1006 0.71 D1003 -0.57 A6005 -2.11 
C1002 0.71 A3002 -1.04 A6008 -2.11 
A1003 0.29 A3004 -1.04 D1002 -2.11 
A4005 0.29 A3007 -1.04 A6002 -2.83 
B1002 0.29 A4001 -1.04 A6003 -2.83 
B1004 0.29 A5002 -1.04 B1008 -2.83 
B1007 0.29 B1003 -1.04 C2001 -2.83 
C1007 0.29 C1005 -1.04 D1001 -2.83 
A1006 -0.14 C2002 -1.04 D1006 -2.83 
A3001 -0.14 C2003 -1.04 D1008 -2.83 
A3003 -0.14 C2004 -1.04 A5001 -3.89 
A4003 -0.14 A1005 -1.54 A5003 -3.89 
A4006 -0.14 A2004 -1.54 B1001 -3.89 
A5004 -0.14 A5005 -1.54 B1005 -3.89 
A5006 -0.14 A6006 -1.54 D1005 -3.89 
A1002 -0.57 C1001 -1.54 D1009 -3.89 

 

The 'measure' column indicates the ability of 
students who were subjects in the study. Student 
A1004, a respondent ranked 4th from Group A1, has 
the highest logit value, which is +2.13.  
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This means that this student answered more 
questions correctly than the others. On the other 
hand, the lowest logit value, which is -3.89, is shared 
by 6 students with codes A5001, A5003, B1001, 
B1005, D1005, and D1009. This implies that these 
students answered more questions incorrectly than 
their peers. 

The separation value from the Rasch model 
analysis, as indicated in Table 4, is 1.57, resulting in 
an H value as follows: 

H=[4×SEPARATION+1]/3 
H=[4×1,57 +1]/3 
H=2,42666… 

The value is rounded up to 3. This means that 
Rasch models the measured abilities into three 
groups with different abilities: Level 1, Level 2, and 
Level 3. The logit value range is divided into three 
groups with the same logit interval. The frequency 
and percentage of each group in the field trial can be 
seen in Table 7. 
 
Table 7. Frequency and percentage of student ability 
groups 
 

Ability Group 
(P) 

Logit Interval Frequency Percentage 

Level 1 -3,89≤P< -
1,88 

21 28% 

Level 2 -1,88≤P< 
0,12 

37 49% 

Level 3 0,12≤P≤ 2,13 17 23% 
 

 Another output from the Rasch analysis in the 
Ministep software is the scalogram. The scalogram 
ranks student abilities from highest to lowest, while 
questions from very easy to very difficult are shown 
from left to right. In the annexed scalogram, it can be 
observed that the most difficult question can be 
answered by one student from level 3 ability group, 
i.e., student A1003, and two students from level 2 
ability group, i.e., students A5009 and A3002. 
Students A5009 and A3002 can answer the most 
difficult question but cannot correctly answer other 
difficult and very difficult questions. This might 
suggest that these students guessed the answer, 
considering that question number 5 is a reasoning 
question that requires in-depth analysis and 
determining the correct informed argumentation. 
 
4. Discussion 
 

The development process of numeracy questions 
has gone through the stages of definition, design, and 
development. The developed numeracy questions are 
aligned with the characteristics of AKM questions 
and critical thinking indicators as defined in the 
initial stage. There are 15 questions that were then 
tested on 75 respondents to determine the quality 
criteria of the developed questions. 

 The quality of the developed questions is 
assessed based on the results of validity and 
reliability analyses. Validity measures the extent to 
which test items truly measure what is intended to be 
measured, namely critical thinking. Reliability 
measures how consistently test items can produce the 
same scores when measured at different times or in 
different ways. 

The field trial results were analyzed using the 
Ministep software with Rasch modeling. Educational 
assessment and evaluation become more objective 
with the Rasch model, including through the item 
map feature that can show whether the developed test 
accommodates various levels of competence of the 
measured respondents [22]. The Rasch model will 
maintain the level of difficulty of questions invariant, 
regardless of the characteristics of the sample used in 
the initial validation. 

Based on the item map results, the distribution of 
subject abilities and the difficulty level distribution 
show that the questions tend to be more difficult 
compared to the abilities of the subjects. The validity 
of each item is assessed based on three criteria: outfit 
mean square (MNSQ), outfit z-standard (ZSTD), and 
point measure correlation (Pt Measure Corr). These 
criteria look at the fit of the items predicted by Rasch 
and whether response string aligns with the Guttman-
style model. The conclusion from the validity 
analysis is that all items meet at least one validity 
criterion, indicating that all questions can be 
considered valid and do not require modification or 
elimination. A valid test instrument means that all 
questions can be used to measure mathematical 
critical thinking abilities [20]. 

The Cronbach's alpha value is 0.71, indicating 
that the relationship between student responses to 
various test items has a good level of consistency. 
This reliability quality indicates that the interaction 
between students and the given questions can be 
relied upon to measure students' abilities overall. The 
person reliability value is 0.71 with a separation of 
1.57, which can be interpreted as the subjects who 
took the test showed sufficient variation. This 
respondent reliability occurs because the number of 
subjects used is only 75 participants. The test item 
value has a separation of 4.62 and an item reliability 
of 0.96. With an item separation of 4.85 and item 
reliability of 0.96, it can be concluded that the quality 
of the test items is outstanding. This indicates that the 
test has successfully covered a diverse range of 
difficulty levels and ensures that the questions posed 
are suitable for measuring and assessing various 
student abilities [20]. 

Based on the analysis of the sequence of 
measurements for each item, there are four difficulty 
levels of questions.  
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Specifically, there are five questions classified as 
very difficult, three questions as difficult, two 
questions as easy, and five questions as very easy. 
The most challenging questions in this study assess 
reasoning abilities through complex multiple-choice 
questions where students cannot select all correct 
answer choices with appropriate reasoning. Students' 
ability to understand, transform, and process 
problem-solving will affect the conclusions made by 
students [23]. The success of students in solving 
numeracy questions also depends on the topic or 
stimulus provided. The low interest of students in 
reading can lead to a lack of motivation for students 
to seek information contained in the topic [24]. In 
addition, questions categorized as very difficult and 
difficult tend to involve complex calculations, so in 
the future, students are expected to improve their 
problem-solving skills and deepen their mastery of 
the material, partly through practice. 

In the field trial of this study, the results indicate 
that 28% of students are in the level 1 ability group, 
49% of students are in the level 2 ability group, and 
23% of students are in the level 3 ability group. 
These results indicate that there are more students in 
the lower to middle-level ability group compared to 
those in the upper to middle-level ability group. This 
distribution may not meet the desired expectations. 
Teachers should focus on more inclusive strategies to 
assist students of various ability levels. Learning 
efforts can be focused on more differential methods, 
with more attention to students who need further 
assistance. Differentiated learning in a flexible 
curriculum is crucial to responding to the diverse 
learning needs of students to create relevant learning 
experiences [25]. Moreover, learning strategies that 
stimulate and encourage students to develop their 
critical thinking skills optimally need to be improved, 
emphasizing the need for adaptive learning with 
ESD-based content. This is intended to promote 
interdisciplinary and holistic approaches and foster 
critical and creative thinking in the education process 
[7].   

 
5. Conclusion 

 
The development of numeracy questions based on 

education for sustainable development to measure 
critical thinking skills has gone through the stages of 
Thiagarajan's model, including define, design, and 
develop. In the definition stage, the researcher 
highlighted the need for improving critical thinking 
skills in Indonesia through numeracy questions based 
on ESD model AKM. In the design stage, the 
formulation of the numeracy question prototype was 
done using global information and literature to build 
the question framework.  

In the development stage, field trials were 
conducted using the Ministep software for Rasch 
analysis. The results of the development of numeracy 
questions meet valid and reliable parameters with the 
details as follows: (1) All questions are declared valid 
as they have met at least one validity criterion, thus 
not requiring any changes or deletions; (2) an item 
reliability of 0.96 indicates that the quality of the test 
item is exceptional and has good ability in measuring 
students' critical thinking skills; (3) Numeracy 
questions can measure critical thinking skills, with 
28% of students included in level 1 ability group, 
49% in level 2, and 17% in level 3. These results 
indicate that the ESD-based numeracy problems 
developed can be used as reference material in similar 
research or studies related to the analysis of students' 
critical thinking abilities in solving ESD-based 
numeracy problems. 
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