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Abstract 
Higher-order thinking skills are abilities that all students must possess. Students 
are given algebraic numeracy questions to measure this ability. This research aims 
to determine the quality of algebraic numeracy questions based on their validity 
and reliability. This type of research is quantitative, with analysis using a partial 
credit model with 28 students as research subjects. The results in this study were 
that the 10 numeration questions developed were valid because they met at least 
one of the validity and reliability criteria with an item reliability value of 0.82, 
indicating that the instrument could measure high-level thinking skills well.

Keywords: algebraic numeration problems, higher-order thinking skills, partial 
credit model

Introduction

The main objective of implementing the independent learning program by the 
Minister of Education in Indonesia is to improve the quality of human resources 
through students who have noble character and can perform high-level reasoning, 
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especially in the areas of literacy and numeracy. To achieve this main goal, the 
Indonesian government has implemented a national assessment which has been 
implemented since 2021. This assessment evaluates the education system at the 
primary and secondary education levels. Furthermore, the Indonesian government 
responded to the results of the PISA analysis from 2003 to 2018, the average score 
in mathematics was 377. This score fluctuated in the early years of PISA but has 
been relatively stable since 2009 (OECD, 2019). It shows that Indonesian students’ 
literacy and numeracy abilities must be improved. Efforts to improve core skills 
for measuring literacy and numeracy abilities are by establishing a minimum 
competency assessment.

The minimum competency assessment questions require students to use various 
cognitive skills. The minimum competencies that should be mastered are math-
ematical reasoning abilities and critical reading skills. In addition, other abilities, 
such as interpreting, integrating, and evaluating information in various forms, also 
need to be possessed by students. To arrive at the evaluating and reflective level, 
students must first have the ability to think creatively and critically. In line with 
this, numeration questions must be a matter of higher-order thinking skills (Sani, 
2021).

According to Mullis & Martin (2017), the cognitive level of the minimum com-
petency assessment numeration questions based on the International Association 
for the Evaluation of Educational Achievement is divided into knowing, applying, 
and reasoning levels (Assessment and Learning Center, 2020). The knowing level 
belongs to the High Order Thinking Skill (HOTS) level, namely analysing and 
evaluating. Meanwhile, the level of applying and reasoning belongs to the High 
Order Thinking Skill (HOTS) level, namely analysing, evaluating, and creating. 
HOTS-type questions have been introduced in the exam, and integration into 
them is expected to increase in 2020 (Zaharin et al., 2018).

Thinking skills are intellectual processes that involve forming concepts, applica-
tions, analysis, syntax, and evaluating information collected based on experience 
and observation (Yee et al., 2015). Through Bloom’s taxonomy model, thinking 
skills form the cognitive domain of remembering, understanding, applying, ana-
lysing, evaluating, and creating. It is divided into two levels of thinking, namely, 
high-order thinking skills and low-order thinking skills. Each level is connected 
where students can get the highest level of creative skills if they can remember and 
understand the concept as a whole and apply their understanding by analysing, 
evaluating, and creating (Zaharin et al., 2018).

The evaluation process is carried out to determine the quality of the instrument. 
The algebraic numeracy questions in the minimum competency assessment are 
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tests designed to determine higher-order thinking skills. The results need to be 
analysed to determine deficiencies to correct them. The evaluation process is 
carried out using the Rasch model. The main objective is to produce measure-
ment parameters at the same intervals to obtain accurate information regarding 
the research subject and the quality of algebraic questions in the minimum 
competency assessment being tested. The forms of questions in the numeration 
assessment test are quite diverse, namely multiple choice, short essays, and essays, 
so the maximum score for each item is also different. In Rasch modelling, to 
analyse data with different maximum scores, you can use the Partial Credit Model 
(Wahyuningsih, 2021).

Research Methodology

Participants and Procedure

Algebraic numeration questions were tested on 28 research subjects. The research 
subjects were chosen because they implemented an independent curriculum and 
completed a Minimum Competency Assessment. The selected research subjects 
have various higher-order thinking abilities. 

The first step to using the Partial Credit Model (PCM) is a value summary. 
Prepare raw data from the results of testing algebraic numeracy questions with 
different maximum scores. Then the raw data from Excel will be formatted into 
.prn. Furthermore, the data will be analysed for the Ministep application. The final 
step is to interpret the quality of the algebraic numeration instrument. 

Measure

Items that do not fit can be checked by looking at the following criteria: (1) MNSQ: 
0,5<MNSQ<1,5; (2) ZSTD: -2<ZSTD<2; (3) Pt Mean Corr: 0,4<Pt Mean Corr<0,85 
(Perez-Marmol & Brown, 2018; Wahyuningsih, 2020).

Statistical Analysis

Rasch modelling mainly focuses on item assessment and item checking efforts 
and helps identify measurement error sources (Abdellatif, 2023). The performance 
of the test items was evaluated based on reliability, validity, descriptive statistics, 
and separation index. The value of Cronbach’s alpha, item reliability, and person 
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reliability indicates the quality of the instrument’s reliability. Outfit ZSTD, Outfit 
MNSQ, and Pt Mean Coor scores will indicate the validity of the test instrument. 
To find out the results of measuring higher-order thinking skills can be seen 
through the value of separation.

Results and Discussion

Validity Analysis

To find out the validity of an item can be seen from three criteria, namely Pt Mean 
Corr, Outfit MNSQ, and Outfit ZSTD. The question can be declared valid if one of 
the criteria is met. Figure 1 will contain information regarding the fit of an item. 
Not all items meet the three criteria for an item to fit.

Here is the description:
1. The S2 item only meets the ZSTD Outfit criteria.
2. Items S1, S3, and S7 only meet the Outfit MNSQ and Outfit ZSTD criteria.
3. In item S9, it only meets the Outfit ZSTD and Pt Mean Corr criteria.

Figure 1. Suitability of Question Items
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4. The items S4, S5, S6, S8, and S10 meet the criteria for Outfit MNSQ, Outfit 
ZSTD, and Pt Mean Corr.

Based on the analysis above, five items meet the three validity criteria. While the 
other items only meet one or two criteria. However, this item is still considered fit 
or appropriate because it meets one criterion. So that it can be stated that all items 
are categorised as fit questions and no questions need to be changed or replaced.

Reliability Analysis

The results of testing the algebraic numeracy instrument from 28 research subjects 
who completed 10 questions are shown in the statistical summary in Figure 2. 
Cronbach’s alpha value is 0.47 indicates that the reliability measure, namely the 

Figure 2. Statistics Summary
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interaction between the subject and the item, is of poor quality. The person reliabil-
ity value of 0.52 means that the stability of the answers from the research subjects 
is still weak. Of the 28 subjects, the error in answering the questions lies in the 
relatively diverse items for the same number. While the stability of the numeration 
questions can be seen from the item reliability value, which equals 0.82. This value 
indicates good-quality questions. Therefore, the questions developed are suitable 
for measuring the subject’s ability.

Difficulty Level Analysis

The logit value for each question has been sorted from the highest to the lowest, 
presented in Figure 3. Item S10 has the highest logit value of +2.39, indicating 
that question S10 is the most difficult problem for the research subject. While the 
S1, S2, and S3 have the same logit value, and the lowest is -1.98, it means that the 
subject answers the easiest questions. 

Figure 4 shows the distribution of scores on item S10. Subjects who obtained 
a maximum score of 2 were only 5 subjects out of a total of 28 subjects, or around 
18%. There were 14 subjects, or 50% of the subjects who got a score of 1. While the 
rest, or 32%, were not able to solve this problem. To determine the difficulty level 
of the questions, the person logit value of +1.95 can be used as a reference as the 

Figure 3. Item Measure
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upper limit and the logit item of 0.00 as the lower limit. The results of the analysis 
of the difficulty level of the questions can be seen in Table 1. 

Table 1. Level of Difficulty

Problem difficulty level Item
Easy S1, S2, S3, S4, and S9
Medium S7 and S8
Difficult S5, S6, and S10

Figure 4. Distribution Score
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Subject Ability Analysis

Figure 5 displays the measure column, which is the logit of each research sub-
ject. PJ05 has a logit value of +4.35. This value is the highest logit, meaning that 
the subject more often answers questions correctly compared to other subjects. 
Meanwhile, PJ13 has the smallest logit, -1.11, which indicates that the subject often 
answers the questions incorrectly. The average subject logit score is +1.95 (more 
than 0.00), meaning that subjects tend to answer the questions tested correctly. 

Figure 5. Person Measure
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Figure 5 obtained the value of separation = 1.04. Then the value of H = [(4 × 
1.04) + 1]: 3 = 1.72, which, if rounded up, becomes 2. It means that the subjects 
are divided into two groups: the high-level group (subjects with many correct 
answers) and the low group (subjects with few correct answers). So based on 
the upper and lower limits of the logit value, the subjects can be divided into 
two groups with the same logit interval. Table 2 will display the frequency and 
percentage of each group.

Table 2. Frequency and Percentage of Subject Ability Groups

Ability Group (P) Logit Intervals Frequency Percentage
Low Level Higher Order Thinking Skills -1,11≤P<1,62 11 39%
High Level Higher Order Thinking Skills 1,62≤P≤4,35 17 61%

Figure 6 is a scalogram that will sort the subject’s abilities from highest to low-
est, while from left to right shows the subject’s scores from the easiest to the most 
difficult questions.

Figure 6. Scalogram
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A unique pattern of answers can be seen in LJ14 as a subject with high abilities. 
LJ14 was able to answer the most difficult questions with the maximum score but 
could not complete question number 7, which was in the medium category. PJ13 
had low higher-order thinking ability, able to answer question number 5, which 
was in the difficult category but could not answer the other five questions with 
a lower level of difficulty. Seeing this kind of awkwardness, it is possible that the 
subject plagiarised his friend’s answer or just guessed the answer, considering that 
question number 5 is a reasoning question that requires the subject’s argument 
based on his calculations. According to (Nasrullah, 2022), students’ ability to argue 
mathematically is supported by the creative motivation to logically and mathemat-
ically explain the solution to solving a given problem. The instruments tested are 
valid and reliable because they instrument tested are indicators of higher-order 
thinking skills (Septiani & Paidi, 2020).

Conclusions

The ten questions developed can be used as instruments to measure higher-order 
thinking skills because (1) they are valid, as seen from the MNSQ, ZSTD, and Pt. 
Mean Corr; (2) reliability is indicated by item reliability of 0.82 which indicates 
the numeracy questions are in a good category and can measure high-level think-
ing skills well; (3) effective because based on the analysis of student’s abilities, as 
many as 40% of students are included in the low-level high-order thinking ability 
category, and the other 60% are included in the high-level high-order thinking 
ability category.
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