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Abstract  

The Minimum Competency Assessment or Asesmen Kompetensi Minimum (AKM) is an 

improvement in education quality and learning outcome evaluation applied to the independent 

curriculum. This study focuses on developing a context-based numeracy assessment instrument for 

Bengkulu using the AKM model approach to measure students' mathematical reasoning abilities. The 

type of research is research and development (R&D) using the 4D method, namely define (definition), 

design (design), develop (development), and disseminate (dissemination). Data was collected using 

questionnaires and tests. During the development stage, expert/logical validity testing and development 

testing were conducted, while during the dissemination stage, field testing was conducted to measure 

students' reasoning abilities, and the final draft of the developed questions was distributed on a limited 

basis. Expert/logical validity was measured using Aiken’s V index, and reliability was assessed using 

Cronbach’s Alpha. The analysis of the questions showed that they are suitable for use and have good item 

quality, as they meet the criteria for validity, reliability, and have appropriate levels of difficulty and 

discriminative power. Additionally, based on the field test results, the questions are capable of developing 

and improving students' mathematical reasoning abilities, with the analysis showing that students' 

mathematical reasoning ability in solving the questions reached 32.3%. 

Keywords: AKM; Assessment; Bengkulu; Cultural Context; Mathematical Reasoning   

 
Introduction 
 

Mathematical reasoning reflects the ability to think logically, connecting available information to 

form valid conclusions in the context of a problem. Mathematical reasoning ability refers to the thinking 

skills needed to generate statements and draw conclusions based on core competencies and basic 

mathematical competencies appropriate to a particular grade level. The importance of this ability for 

students is not only to memorize facts, rules, or problem-solving steps, but also to train reasoning skills. 

With this ability, students can make estimates based on their experiences, so they can understand 

interrelated mathematical concepts and learn deeply or meaningfully (Hendriana et al., 2017). A good 

understanding of mathematical concepts in students can be achieved by having and improving 

mathematical reasoning skills. However, in reality, not everyone is able to easily train and improve their 

mathematical reasoning skills, which results in low mathematical ability in Indonesia (Yeni, 2015). 

http://ijmmu.com/
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Students' lack of mathematical reasoning skills can lead to a decline in the overall quality of education, 

ultimately leading to lower academic achievement. This challenge is also evident in Indonesian students' 

performance in international assessments such as PISA and TIMSS. 

According to the 2018 Programme for International Student Assessment (PISA) conducted by the 

OECD, Indonesia ranked near the bottom in numeracy performance, placing 70th out of 78 participating 

nations. Indonesian students obtained an average mathematics score of 379, which is far below the 

international average score of 489. This wide gap highlights the pressing need for educational reforms and 

focused interventions to strengthen students’ mathematical competence in the country (OECD, 2019). 

Alongside the OECD’s PISA study, the Trends in International Mathematics and Science Study (TIMSS) 

has also examined the mathematical performance of Indonesian students. The findings indicate that their 

average achievement remains below that of neighboring countries, including Malaysia, Thailand, and 

Singapore. In the cognitive domain, Indonesian students recorded the lowest score at the reasoning level, 

with only 17% (Rosnawati, 2013). 

A TIMSS-based study conducted by Susanta, Susanto, and Maizora in 2020 examined the 

mastery of mathematics problems among junior high school students in Bengkulu City. The results 

showed that student mastery in the Bengkulu context, based on the cognitive domain, was as follows: for 

the knowledge domain, 28 students (29.17%) were at the low criteria, 47 students (48.96%) were at the 

medium criteria, and 21 students (21.88%) were at the high criteria. In the application domain, 37 students 

(38.54%) were at the low criteria, 40 students (41.67%) were at the medium criteria, and 19 students 

(19.79%) were at the high criteria. Meanwhile, in the reasoning domain, 56 students (58.33%) were at the 

low criteria, 32 students (33.33%) were at the medium criteria, and only 8 students (8.33%) were at the 

high criteria. These data indicate that students' mathematical abilities in Bengkulu are relatively low, 

particularly in the cognitive reasoning domain, which is the lowest. These findings highlight the need for 

focused educational strategies to improve students' reasoning abilities in mathematics, which are crucial 

for their academic success and future learning (Susanta et al., 2021). Based on this reality, there is a need 

to improve the evaluation system to enhance students' abilities. 

For many years, Indonesia evaluated student learning outcomes primarily through the National 

Examination (UN), which was applied at the elementary, junior high, and senior high school levels. This 

exam traditionally acted as the decisive measure of a student’s academic success. In 2021, however, the 

Ministry of Education, Culture, Research, and Technology introduced a major policy change by 

eliminating both the UN and equivalency tests. These were replaced with the National Assessment (AN), 

a new system designed to provide a broader and more comprehensive picture of educational quality 

(Rahayu & Ulya, 2022). The National Assessment (AN) aims to measure the overall quality of learning 

within schools by using three key components: the Minimum Competency Assessment (AKM), a 

character survey, and a learning environment survey. These components are developed in accordance with 

the educational policy framework set by the Ministry of Education, Culture, Research, and Technology 

(Kemendikbudristek) (Kemendikbud, 2021). 

The Minimum Competency Assessment (AKM) evaluates the essential skills that every student 

should possess to foster personal development and contribute positively to society. It is intended to 

provide information that can drive improvements in the quality of teaching and learning, ultimately 

enhancing student learning outcomes. When learning is planned with consideration of students’ 

achievement levels, it becomes easier for them to master the expected content or competencies in a 

subject. In AKM, two core competencies are assessed: reading literacy and mathematical literacy 

(numeracy), both of which are aligned with the frameworks used in PISA and TIMSS (Asrijanty, 2020). 

The numeracy component of the AKM assesses students’ ability to apply mathematical concepts, 

procedures, facts, and tools in problem-solving contexts. Despite its introduction in 2021, the performance 

of Indonesian junior high school students in numeracy remains low. Data from the Ministry of Education 

and Culture indicate that fewer than half of these students have reached the minimum competency 
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benchmark. A similar situation is observed in Bengkulu Province, where the proportion of junior high 

school students attaining the minimum competency standard in numeracy is also below 50% 

(Kemendikbudristek, 2022).  

The low achievement of junior high school students in numeracy skills in Bengkulu Province 

prompted researchers to observe the best junior high schools in Bengkulu City. “Based on the average UN 

scores in 2019, one of the best junior high schools in Bengkulu City is SMPN 1 Kota Bengkulu” (Oklis, 

2022). From the results of observations and interviews, it was identified that the implementation of AKM 

activities at the school still faced several limitations. A number of students expressed that they found the 

AKM items challenging, particularly those presented in lengthy, narrative forms. According to the 

informant, such questions generally require cognitive reasoning and are considered non-routine, making 

them unfamiliar to students. This difficulty arises because the learning materials typically used in class 

rarely incorporate AKM-type problems, especially those demanding higher-order reasoning skills, and the 

availability of relevant examples is also minimal. Furthermore, students have not yet been provided with 

comprehensive guidance regarding the nature and purpose of the Minimum Competency Assessment 

(AKM), adding to the challenges in answering these questions. 

The development of questions using a contextual approach based on local culture has a significant 

influence on students' mathematical problem-solving abilities (Saparudin & Pabolo, 2017). The use of 

context in mathematical questions can present real situations that students have experienced. In addition, 

Susanta, Sumardi & Zulkardi (2022) mention that learning with an emphasis on contextual problems can 

support students in improving their abilities. Relevant study concerning the development of mathematical 

reasoning items within contextual settings is titled “Development of TIMSS-Type Reasoning Questions 

Using the Cultural Context of Lampung.” The study resulted in 14 questions that met the criteria of 

validity, practicality, and demonstrated potential effects. These items effectively stimulated students’ 

mathematical reasoning skills and were well comprehended by the learners. The incorporation of 

Lampung’s cultural context in the questions was found to enhance students’ motivation in tackling the 

problems presented. (Wahyudi et al., 2016). The research on "Mathematical Reasoning Ability Questions 

on Three-Dimensional Plane Figures with the Bengkulu Context" has produced 10 questions that 

demonstrate good validity, reliability, discriminatory power, and appropriate difficulty levels. These 

questions are designed to improve students' mathematical reasoning abilities, especially in the context of 

three-dimensional plane figures. Furthermore, these questions can be a valuable reference for developing 

mathematical reasoning tests that require specific difficulty levels and discrimination indices. By utilizing 

these well-constructed questions, educators can effectively assess and improve students' reasoning 

abilities in mathematics, ensuring that the assessment is both challenging and able to differentiate between 

different levels of student performance (Budiarti et al., 2022). 

 

Methods  

The type of research conducted is research and development (R&D), which is generally defined 

as a systematic activity aimed at increasing knowledge to produce specific products. This particular study 

was carried out at a public junior high school located in the city center of Bengkulu, which has 

implemented the Merdeka Curriculum. The school was selected based on the consideration that its 

students are familiar with the local culture of Bengkulu. The participants in the study included 35 students 

from class VIII.2, who served as the test subjects, and 31 students from class VIII.3, all in the second 

semester of the 2022/2023 academic year. This research aims to leverage the local cultural context to 

enhance educational outcomes within the framework of the Merdeka Curriculum. This research adapts the 

4D development model (Thiagarajan et al., 1976), which consists of four main phases: defining needs, 

designing instruments, the development process, and dissemination and testing.  
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Define: the purpose of the definition stage is to establish and define the requirements in the 

question development process. This stage involves three types of analysis, namely initial analysis, 

analysis of learners, and concept analysis. Design: the design stage aims to prepare and compile the initial 

draft of the questions (draft I) to be developed, which includes the construction of reference criteria, 

format selection, and initial design. Development: the development stage includes expert assessment and 

development testing. The expert assessment stage is a proof of logical validity. Meanwhile, the 

development testing stage includes reliability testing, difficulty level testing, and discrimination power 

testing. Expert validity is proven using the Aiken validity index (Aiken V) calculation, which is the 

agreement of experts or validators (raters) on the suitability of items with the indicators measured using 

those items (Retnawati, 2016) with the following Aiken's V formula. With the following validity criteria 

as shown in Table 1.  

Table. 1 Validity Criteria 

 

Adapted from (Retnawati, 2016) 

The reliability criteria for questions were obtained from analysis using Cronbach's Alpha test. 

Questions developed were considered reliable if the estimated reliability value obtained was ≥ 0.60 

(Nitko & Brookhart, 2011). The reliability level of the questions tested was based on Guildford's 

classification (1956), as shown in Table 2. 

Table. 2 Reliability Criteria 

Reliability Index Category 

 

Unacceptable 

 

Undesirable 

 

Minimum acceptable threshold 

 

Fairly good 

 

Excellent 

Adapted from (Guildford, 1967) 

The reliability of the questions developed, namely the Bengkulu-contextualized AKM model 

questions, is closely related to the consistency of the questions in measuring mathematical reasoning 

abilities. 

In addition, identifying the difficulty level of test items is important for evaluating how 

challenging the questions attempted by students are. Likewise, the discriminatory power of each item is 

applied to assess its effectiveness in differentiating students with high, medium, and low levels of ability. 

For essay-type questions, the difficulty level can be determined by calculating the mean score. The 

criteria for classifying the level of difficulty of questions can be seen in Table 3. 

Table. 3 Classification of Difficulty Level 

Value (x) Category 

 

Very easy 

 

Easy 

 

Medium 

 

Hard 

0 Very Hard 

Adapted from (Bagiyono, 2017) 

 

Category Criteria 

 

Low Invalid 

 

Medium Valid 

 

High Highly valid 
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To calculate the discriminating power of the questions, test participants were divided into two 

groups: the upper group and the lower group. Discriminating power was determined by looking at the 

discrimination index (DP) of each question item. The criteria for discriminating power (DP) used in the 

developed questions were shown as table 4. 

Table. 4 Discriminating Power (DP) Criteria 

DP Category 

 

Low 

 

Medium 

 

High 

 

Excellent 

Adapted from (Arifin, 2017) 

Disseminate: the dissemination stage is a stage that aims to disseminate the developed product to 

a wide target audience as the target users of the product. The implementation of this dissemination stage 

begins with the packaging of the developed product (final draft). The final draft as a product of question 

development in this study will later be tested in the field test stage. The aim is to understand students' 

mathematical reasoning abilities when working on the developed questions, in order to assess their level 

of mathematical reasoning ability. Analysis of students' reasoning abilities will be evaluated based on the 

categorization shown in Table 5 below. 

Table. 5 Mathematical Reasoning Ability Category 

Score Range (x) Category 

 

Very Low 

 

Low 

 

Medium 

 

High 

 

Very High 

Adapted from (Jailani & Wulandari, 2017) 

Findings and Discussion 

Findings  

The result of this study is the development of three AKM-model reasoning questions in the 

context of Bengkulu. The results of each step or stage carried out are as follows below: 

Define: the definition stage aims to establish and define the provisions in developing questions so 

that a preliminary draft of the development questions, referred to as draft I, can be formed. This stage is 

carried out in three analytical steps, namely front-end analysis, student analysis, and concept analysis. 

They are: (a) Front-end analysis is the analysis in this stage is conducted through interviews on question 

reviews in schools and reviews of mathematics textbooks used in schools. Based on the interview results, 

it is known that the mathematics questions used in the schools in this study are routine mathematics 

questions or commonly encountered questions. Additionally, it is known that schools rarely apply or 

implement Bengkulu-context mathematics questions and very rarely apply mathematical reasoning 

questions, especially AKM model questions. The results of the question review showed that the questions 

frequently given as exercises to students were taken from textbooks. The researcher found that most of 

these questions were at a low cognitive level (C1, C2, C3) and did not incorporate real-world applications, 

especially the Bengkulu regional context (the students' surrounding environment); (b) Student Analysis is 

the analysis of students aims to review the age, academic ability, and character of students, particularly in 

this study in classes VIII.2 and VIII.3, as these are the grade levels that are the subject of the study. Based 

on the analysis results, it was found that the age of students in classes VIII.2 and VIII.3 was between 13 
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and 14 years old, which, according to Piaget, is the peak of formal operational stage cognitive 

development. At the formal operational stage, individuals begin to have the ability to consider experiences 

that go beyond concrete experiences and can think about them in a more abstract, idealistic, and logical 

way (Noor & Hidayati, 2017). Therefore, students at this age should be able to solve AKM model 

mathematical reasoning problems with their abilities; (c) Concept Analysis is used as an analysis that 

identifies, details, and systematically organizes concepts for the creation of reasoning questions in draft I. 

This is done by searching for and examining AKM numeracy questions as a reference for the questions 

that will be used in question development. After that, the questions to be developed are reviewed based on 

the Bengkulu context to find contexts that are relevant to the questions and AKM content. 

Design: the design stage serves to prepare and create a preliminary draft (draft I) based on the 

results of the analysis conducted in the previous definition stage. One of the stages of designing Draft I is 

constructing criterion-referenced tests (CRTs). Constructing criterion-referenced tests involves creating a 

question matrix for Draft I. This begins with developing criteria for each question in accordance with the 

characteristics of AKM, which include content and cognitive reasoning related to AKM. Then, in this 

stage, the researcher created a question grid for mathematics developed in Draft I. The grid contains 

explanations or descriptions of the Bengkulu context, time allocation, domains and subdomains, as well as 

competencies (indicators). 

Develop: at this stage, development results are carried out in two steps: first, evaluation by 

experts followed by revision, and second, through development testing. (1) Expert Assessment, based on 

the logical validation of content, construct, and language aspects, it is known that all questions in draft I 

are highly valid with Aiken's V index values for each question in terms of content, construct, and 

language exceeding 0.8 (> 0.8). So, based on the criteria used, all questions are declared valid. Therefore, 

Draft I, which will be revised according to the experts’ notes, does not need to undergo further analysis 

because the expert assessment already meets the validity criteria and is even highly valid. After being 

revised according to the experts’ comments and suggestions, the questions in Draft I become the questions 

in Draft II. The experts comments and suggestions can be seen in Table 6; (2) Development Testing, at 

this stage, an analysis is conducted on the reliability, difficulty level, and discriminating power of a 

question. The results of this analysis will be used to revise the product if it does not meet the established 

criteria. These criteria are used to determine whether the quality of a question is high or low. The data 

obtained from the results of this development test is analyzed using JASP 18.3 software. The results 

obtained from the reliability test of the (Draft II) development questions are shown in Table 7. 

Table. 6 Summary of Experts Comments and Suggestions 

Expert Comments and Suggestions 

1 

Pay attention to and replace non-standard words. 

Adjust the alphabetical order. 

Double-check the information provided in the questions. 

2 
The instructions for answering the questions are too long and ineffective. 

The questions must be written in accordance with PUEBI 

3 Reduce typos in the questions. 

 

Table. 7 Reliability Test Result 

 Cronbach’s Alpha Criteria Category 

Reliability Statistics 0,65 Reliabel Medium 

 

The reliability test of the questions (draft II) developed was in the medium category with a 

Cronbach's alpha value of 0.65. From this value, we can conclude that each question created will produce 

similar results if retested on students (reliable). After analyzing reliability, the next step is to evaluate the 
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level of difficulty and discriminating power of the questions. Questions that most students answered 

correctly are classified as easy questions. Conversely, questions that only a few students answered 

correctly are considered difficult. If questions are too difficult, they cannot accurately assess students' 

abilities. Therefore, ideal questions are those that are not too easy but also not too difficult. The results of 

the analysis of the difficulty level of the questions can be seen in Table 8. 

Table. 8 Difficulty Level Test Result 

Question Item Difficulty Index Category 

1 0,267 Hard 

2 0,414 Medium 

3 0,56 Medium 

 

Based on the calculations and criteria used, question no. 1 was classified as hard, while questions 

no. 2 and 3 were classified as medium. Of the three questions, none were classified as very easy or very 

hard, so the questions were used without modification. The results of the analysis of the discriminating 

power of the questions (draft II) developed are shown in Table 9. 

Table. 9 Discriminating Power (DP) Test Result 

Question Item DP Index Category 

1 0,33 High 

2 0,55 Excellent 

3 0,5 Excellent 

The analysis reveals that the discriminating power of item no. 1 falls into the good category, 

whereas items no. 2 and no. 3 are classified as very good. Therefore, it can be inferred that all three 

developed items are effective in differentiating the abilities of students in the upper and lower groups 

The expert validity testing and development testing that has been conducted, it can be concluded 

that all questions in draft II are deemed acceptable because they meet all validity and reliability criteria 

and have an appropriate level of difficulty and discriminating power. Therefore, the questions in draft II 

can be declared as draft III (final draft) without revision for field testing in the next stage. However, from 

the results of the implementation and completion of the questions by the students in the development test, 

an alternative solution (alternative answer) was found for question number 3. This answer was ultimately 

added as the correct answer in the scoring rubric, as shown and explained in Figure 1 and Figure 2. 

  

 

 

 

 

 

 

 

 

Figure 1. Answer Key in the Assessment Section 
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Figure 2. Alternative Solutions by Student 

Disseminate: the dissemination stage includes the field testing and distribution phases. The 

product that has been revised during the development stage is then applied in field testing to assess 

students' mathematical reasoning abilities. As for the dissemination, the questions were distributed to 

schools in Bengkulu City. However, due to time and cost constraints, the researchers limited the 

distribution of the developed questions to only three schools: one accredited A school, one accredited B 

school, and one accredited C school. The preview of the developed questions (Final Draft) are shown by 

Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

From the alternative answers, it can be seen that students did not use formulas to 

solve the problems, but rather solved them by naturally observing the patterns 

contained in the problem information. 
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Figure 3. The Questions Development Result 

Field tests were conducted on 31 students of class VIII.3. After the tests were conducted, the data 

obtained was analyzed and scored. The subjects were then grouped into categories of very low, low, 

medium, high, and very high reasoning abilities. The results of the analysis of the implementation of 

questions developed using the Bengkulu-based AKM model on students' mathematical reasoning abilities 

in the field tests are presented in Table 10. 
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Table 10. Mathematical Reasoning Ability Test Result 

Score Range Frequency Category 

0-20 3 Very Low 

21-40 9 Low 

41-60 10 Medium 

61-80 7 High 

81-100 2 Very High 

From the data in the table above, 32.3% of students demonstrate moderate reasoning ability, 29% 

exhibit low reasoning ability, 22.6% possess high reasoning ability, 9.7% show very low reasoning 

ability, and 6.4% display very high reasoning ability. These results indicate that, overall, students’ 

reasoning abilities in responding to the developed items are at a moderate level, suggesting that the items 

are effective in fostering students’ reasoning skills. 

 

Conclusion 

The use of local context, particularly the Bengkulu context, in this study provides a unique appeal 

for students. The Bengkulu context is something new and unusual in mathematics learning, thus providing 

a different experience. Additionally, the Bengkulu context is close to the students because it is part of 

their surrounding environment, which is inseparable from their daily lives. 

Local cultural context is one type of regional context. The Bengkulu region itself is highly 

suitable for integration into mathematics question development because it possesses many distinctive 

features containing mathematical elements, such as tabot, which is related to geometry. Furthermore, the 

Bengkulu region is also the local environment of the researcher and the students as research subjects, so 

using the Bengkulu context can also provide additional insights about the Bengkulu region to the students. 

The AKM reasoning questions with a Bengkulu context developed in this study are capable of 

developing or potentially improving students' mathematical reasoning abilities. This can be seen from the 

field test results, where 32.3% of students obtained a score in the moderate category for mathematical 

reasoning ability. The findings of this study are in line with other studies that reveal that the use of 

interesting contexts can motivate and attract students' interest (Charmila et al., 2016; Widjaja, 2013). By 

linking mathematics learning to the culture of the students' place of residence, students' understanding of 

the material will be easier. 

Thus, the results of this study can help students learn from their surroundings. In addition, this 

study is expected to encourage teachers to continue developing mathematical reasoning questions (non-

routine questions) that utilize the local context around students. One of the shortcomings of the questions 

developed is that they do not represent all domains/subdomains and question types from the AKM model. 
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