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Abstract: The achievement of high school graduates' competence is continuously improved by 

the government in Indonesia, one of which is by implementing the Minimum Competence 

Assessment. The main problem in its application is the limitations of similar problem models 

provided in classroom learning so that students are not accustomed to solving them. The 

purpose of this research is to produce mathematical reasoning questions using the Minimum 

Competence Assessment model for junior high school students that are valid, reliable, and have 

a potential impact. This research is development research with two stages of developing 

Tessmer’s model, namely: (1) Preliminary and (2) formative evaluation stage, which consists of 

self-evaluation, prototyping (expert reviews and small group), and field tests. The trial subjects 

of this study were 25 students of class VIII Bengkulu state junior high school 7 in Bengkulu 

City. The results of the study obtained questions that met valid criteria with an Aiken index each 

of which was more than 0.5. The questions meet reliable criteria with a count of more than 0.6 

and are in the high category. The questions have a potential impact with sufficient students' 

selection abilities on average and students giving a good response of more than 50.00%. The 

suggestion from the research is that the teacher encourages choosing a real context to present 

the problem in mathematics learning.   

 

Keywords: development research, instrument test, mathematical reasoning, minimum 

competence assessment. 

 

Abstrak: Capaian kompetensi lulusan sekolah menengah terus ditingkatkan oleh pemerintah di 

Indonesia, salah satunya dengan menerapkan Asesmen Kompentensi Minimum (AKM). 

Permasalahan utama dalam penerapannya adalah keterbatasan model soal serupa yang 

disediakan dalam pembelajaran di kelas sehingga siswa tidak terbiasa menyelesaikannya. 

Tujuan dari penelitian ini adalah untuk menghasilkan soal matematika penalaran model AKM 

untuk siswa SMP yang valid, reliabel, dan memiliki dampak potensial. Penelitian ini merupakan 

penelitian pengembangan dengan dua tahap pengembangan model Tessmer, yaitu: (1) 

Preliminary, dan (2) tahap formative evaluation yang terdiri dari: self-evaluation, prototyping 

(expert reviews dan small group) serta field test. Subjek uji coba penelitian ini adalah siswa 

kelas VIII SMP Negeri 7 Kota Bengkulu sebanyak 25 orang. Hasil penelitian diperoleh dua 

paket soal yang memenuhi kriteria valid dengan indeks Aiken masing-masing lebih dari 0,5. 

Soal memenuhi kriteria reliabel dengan rhitung lebih dari 0,6 dan kategori tinggi. Soal 

memiliki dampak pontesial yang dengan kriteria kemampuan siswa secara rata-rata cukup dan 

siswa memberikan respon baik lebih dari 50,00%. Saran dari penelitian adalah guru 

hendaknya memilih konteks nyata untuk menyajikan masalah dalam soal.   

 

Kata kunci: penelitian pengembangan, instrument tes, penalaran matematis, asesmen 

kompetensi minimum. 
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▪ INTRODUCTION 

The objectives of learning mathematics for junior high schools in Indonesia refer 

to the Regulation of the Minister of Education and Culture Number 58 of 2014, namely 

understanding mathematical concepts and the interrelationships between concepts and 

using reasoning on patterns and characteristics, performing mathematical manipulations 

in making generalizations, compiling evidence, or explaining mathematical ideas and 

statements (Mendikbud, 2014). This supports the demands of today's human resource 

needs, who must master various abilities and skills to survive the development of 

technology and information. In the 21st century, the skills needed by students are 

communication skills, collaboration, complex thinking, creativity, innovation, and 

problem-solving skills (Soulé & Warrick, 2015; Redhana, 2019), HOTS skills (Tan & 

Haili, 2015). 

The achievement of mathematics learning outcomes in Indonesia, especially in 

secondary schools, still needs to be improved. The performance of Indonesian students 

in international mathematics surveys has always been in a low category. Referring to the 

2019 PISA results, only 0.1% of Indonesian students can solve problems at level 2 

(Stacey, 2010). In 2018, Indonesian student scores only reached an average of 379 out 

of a maximum score of 600, with a rank of 73 out of 79 participating countries (OECD, 

2019; Puspendik, 2019). Another survey data, the Trend in International Mathematics 

and Science Study (TIMSS), shows that the average score of Indonesian students in 

mathematics is 397, which is lower than the international average score of 500 (Mullis 

et al., 2012). In Indonesia itself, evaluation on a national basis through computer-based 

national assessment (in Indonesia ANBK) as a substitute for the national exam shows 

that results in the field of mathematics are still low. The computer-based national 

assessment analysis results show that less than 50% of students have reached the 

minimum competency limit for numeration (Kemdikbud, 2022).  

The findings of previous studies show that the ability of high school students in 

mathematics is still low. Several studies have shown that students’ ability to solve 

questions requires thinking skills in the high category on average in the low category 

(Susanto & Retnawati, 2016). Other research that has been conducted on middle school 

students regarding students' ability to complete TIMSS model questions shows that 

student mastery of reasoning-type questions is 58.33% at a low level and only 8.33% at 

a high level (Susanta et al., 2021). The results of other research analyses found that at 

the level of reasoning ability, the student's mastery was the lowest. According to 

Rosnawati's research (2013), the average lowest percentage achieved by students in the 

cognitive domain is the reasoning level of 17%. Further research by Susanta, Sumardi, 

and Susanto (2022) states that the average ability of junior high school students in 

Bengkulu in solving PISA literacy questions is at level 2. 

One of the problems with the low achievement of student mathematics learning 

outcomes in international surveys and previous research that has been described is that 

students need to become more familiar with the questions given. This requires the 

teacher to bridge students so that they are accustomed to solving non-routine questions. 

This opinion is supported by Leung's statement (Shadiq, 2007), Which states that the 

emphasis on learning by teachers in Indonesia is more on mastering basic skills, still 

less emphasis is placed on applying mathematics in the context of everyday life, 

communicating mathematically, and reasoning mathematically. Research conducted by 
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Khan (2011) found that teachers rarely give high-level questions. In the application of 

the 2013 curriculum learning, the questions tested were not able to train students' high-

level thinking skills (Fariah et. al, 2018). 

Along with the problems related to the achievement of learning outcomes in 

schools, the government's discourse on implementing minimum competency assessment 

at every level of education is of particular concern to educators. As educators, they 

should be able to prepare evaluation tools that are similar to the minimum competency 

assessment questions provided by the government. Evaluation is one of the most 

important activities in learning to determine the achievement of learning outcomes that 

have been carried out (Susanta & Susanto, 2021). However, reality shows that most 

teachers need to understand this fully. The results of an interview with one of the 

Bengkulu City Middle School mathematics teachers revealed that the teacher was not 

used to compiling evaluation tools as a means of training both independently and guided 

in class related to questions of the minimum competency assessment type. 

Questions can be developed based on a minimum competency assessment at the 

reasoning level for the high school level in compiling the instrument using the context 

of Bengkulu. The research that has been done proves the role of the regional context in 

supporting student skills. The use of context in learning to generalize abstract concepts 

can be understood based on thoughts that are built based on certain realistic situations 

that are well known to students (Susanti, 2016). Students' thinking skills can be made 

through practice in solving real problems of everyday life (Warisdiono, 2017). 

Mathematical problems that use context can present situations that have been 

experienced in real terms for students (Zulkardi, 2006). The use of regional or cultural 

contexts can be used as a learning resource. Culture can be in the form of various ideas 

so that it can be a source of contextual mathematics teaching and learning activities 

(Sutrimo, Kamid, & Saharudin, 2019). 

Several studies on the development of test instruments used as a reference in this 

study have been carried out. Research by Kamaliyah, Zulkardi, and Darmawijoyo 

(2013) about developing PISA level 6 questions, Annisah (2011) about PISA levels 2 to 

6, developing TIMSS Reasoning Type questions (Susanti, 2016). PISA questions in the 

context of Indonesia's natural and cultural heritage (Oktiningrum, Zulkardi, & Hartono, 

2016). Research on the development of questions using context has also been widely 

carried out and has become a reference in this development research. The study of 

Yuliani, Alfarisa, and Tiurlina (2022) developed HOTS questions within the Banten 

cultural context. Several studies on the development of test instruments used as 

references in this study have been carried out. Kamaliyah, Zulkardi, and Darmawijoyo 

(2013) research on the development of PISA level 6 questions, Annisah (2011) on PISA 

levels 2 to 6, development of TIMSS Reasoning Type questions (Susanti, 2016); 

Problem type PISA in context of Bangka (Asaprawira, Zulkardi, & Susanti, 2019). 

Research on the development of questions using context has also been widely carried 

out and has become a reference in this development research. The study of Yuliani, 

Alfarisa, and Tiurlina (2022) developed HOTS questions in the context of Banten 

culture. Problems lime PISA ASEAN GAMES’s contexs(Yansen, et.al, 2019; Pratiwi, 

et.al, 2019). 
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In contrast to previous studies, the focus on developing questions in this study was 

mathematics questions based on a minimum competency assessment type of reasoning 

in the context of Bengkulu.  

 

▪ METHOD 

Research methods 

The method used in this research is the research and development method. The 
researcher developed a mathematical reasoning problem with a minimum competency 
assessment type based on the Bengkulu context for junior high school students, which is 
valid, reliable, and has the potential to impact students' abilities, especially 
mathematical literacy skills. 

 
Research design 

Design development is carried out using the stages of the development model 
(Tessmer, 1993), which consists of two stages, namely the preliminary stage and the 
formative evaluation stage. The initial phase consists of the preparation of question 
designs. The formative evaluation stage includes (a) self-evaluation, (b) prototyping 
(expert reviews and small groups), and (c) field tests. In the Preliminary Stage, material 
analysis is carried out based on the 2013 curriculum and an analysis of the Bengkulu 
context that is by the material resulting from the analysis. In the design stage, indicators 
are prepared, making grids, writing questions, and preparing scoring guidelines. In the 
formative evaluation stage, the self-evaluation stage is carried out by assessing and 
assessing the alignment of the questions with the level of reasoning, the selected 
material, and the selected Bengkulu context. An expert review carried out an initial 
prototype assessment focusing on aspects of the material, construction, language, and 
context used. The assessment was carried out by material experts, namely two lecturers 
in mathematics at the University of Bengkulu. The results of the revision were based on 
suggestions from the assessment of the prototype and continued with trials on students. 
The Small Group stage of the questions that have been validated is tested specifically 
for the use of questions which include clarity, ease of use, and presentation of the 
questions. The trial was carried out in small groups of 9 people with different levels of 
ability (low, medium, high). The field test stage was tested on a wider scale to analyze 
students' ability to complete AKM questions and measure the reliability of the 
instrument being developed. 

 
Research subject 

This research was conducted on class VIII students of SMP N 11 Bengkulu City 
in the 2022/2023 academic year. Our limited or small group test subjects chose 9 
students in class VIII C with different levels of ability distribution, namely low, 
medium, and high students. In the broad potential impact test, we chose class VIII A 
students with a total of 25 students with 16 female and 9 male students. 

 
Research instrument 

In collecting data, we do it using observation, tests, and questionnaires. The 
instruments used were validity sheets and mathematical reasoning test questions. The 
validity sheet in the form of a statement measures aspects of content, construct, 
language, and use of context in as many as 12 items with a score of 1-5 on a Linkert 
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scale. The assessment criteria in the validation sheet consist of: very suitable (5), 
appropriate (4), sufficient (3), not applicable (2), and wildly inappropriate (1). The 
student response questionnaire is a statement to measure the student's potential impact 
after completing the test. 

Furthermore, the test instrument is in the form of mathematical reasoning 
questions that measure students' ability to solve minimum competency assessment 
questions, which are the product of development in this study. The test instrument is in 
the form of multiple-choice questions and descriptions with a total of 8 items. The 
instrument was developed based on the material aspects of minimum competency 
assessment with material: geometry, numbers, algebra, data, and opportunities 
(Kemendikbud, 2021). Indicators for the development of reasoning questions refer to 
NCTM (2000), including recognizing understanding as a fundamental aspect of 
mathematics; making and deriving mathematical conjectures, developing and evaluating 
mathematical arguments, and selecting and using different types of reasoning. 

 
Data analysis technique 

In this study, data analysis was carried out in a qualitative descriptive manner 
which explained the quality of the questions we had developed. Data analysis consisted 
of data validity analysis, question reliability analysis, and analysis of students’ ability 
level in solving questions based on minimum competency assessment. Validity analysis 
based on experts uses the Aiken validity index (1980) quoted from Retnawati, 2014 
with valid criteria if the Aiken value is more than 0.5. 

Reliability analysis was performed on multiple choice questions and descriptions 
separately. In objective questions, we use Kuder and Richardson's analysis, while the 
alpha coefficient for essay questions (Reynold et al, 2011) with the criteria of questions 
is said to be reliable if the calculated results are more than 0.6 (Basuki and Hariyanto, 
2014). The additional analysis that we use is the standard error measurement (SEM) 
analysis (Reynold, et al, 2011). Furthermore, data on student test results are described 
qualitatively to provide information about how students complete and identify student 
errors given. The criteria for each level of student thinking are based on a conversion 
value of 0-100 with criteria: 76-100 (very good), 51-75 (good), 26-50 (enough), and a 
range of 1-25 (poor). The last analysis of the data was carried out by analyzing student 
responses. Analysis of student response data aims to measure the potential impact of the 
instrument as measured by student responses after completing the questions. The 
questionnaire consists of four statements with yes or no options. Data analysis 
calculated the proportions at each port from wide-scale trials 
 

▪ RESULT AND DISSCUSSION 

Description of Product Development Results 

This study resulted in a mathematical reasoning test question based on the 

Minimum Competency Assessment (In Indonesia AKM) initiated by the Indonesian 

Ministry of Education and Culture in the Bengkulu context. The test questions 

developed were 8 items with four multiple-choice questions and four description 

questions. The questions were developed based on the distribution of AKM material 

(Kemendikbud, 2021): geometry, algebra, numbers, data, and uncertainty, with two 

questions each. The product questions were developed to refer to the selected Bengkulu 

context, namely: the context of tourism, the context of historical buildings, culture, and 
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context of typical food. This study presents results based on the stages of Tessmer's 

(1993) development model. 

 

Preliminary Stage Result 

At the preparation stage, the researcher examined several aspects supporting the 

development of test questions, namely the Bengkulu material and context. The material 

was analyzed based on the essential competencies in the 2013 curriculum by grouping 

the material: numbers, algebra, geometry, and data and opportunities. Each material is 

reviewed for basic competencies that allow it to be designed according to the 

characteristics of the reasoning questions that refer to the reasoning questions on the 

TIMSS. At the initial stage, the completeness of the development of questions is also 

designed, such as lattice questions and reference questions for assessment.  

 

Formative Evaluation Stage 

Self-evaluation 

At this stage, the author assesses the suitability of the context with the selected 

material. This stage also analyzed the Bengkulu context by the material being 

developed. The results of the context analysis obtained four basic contexts that were by 

the development material, namely geometry material with the context of historic 

buildings and typical food, number material with the context of tourism and typical 

food, algebraic material with the context of culture and tourism objects, and data and 

opportunities material with object contexts, tour. The result of this stage is the 

arrangement of question indicators, problem grids, and initial draft questions. The 

following is a summary of the initial draft of the development product. 

 

Table 1. Overview of the initial draft 
Type Question Material Bengkulu Context 

Multiple choice 1 Numbers Bengkulu Toursm 

2 Algebra Bengkulu Culture 

3 Geometry Special Food 

4 Data and Chance Bengkulu Tour 

Essay 1 Numbers Special Food 

2 Aljgebra Tourist Object 

3 Geometry Historical Building 

4 Data and Chance Bengkulu Culture 

 

At this stage, checking the draft questions that have been prepared related to 

conformity with the level of reasoning.  

 

Expert Review 

This draft was assessed by two validators who are lecturers in the mathematics 

education master's program-the assessment results of two validators on material, 

construction, language, and context use. Assessment data from the validator with a 

rating scale of 1-5 were analyzed to calculate the Aiken index, which is summarized in 

the following table. 
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Table 2. Validity result 
Question Type Item  Mean Aiken' V Criteria 

Multiple choice 1 0.64 Valid 

2 0.72 Valid 

3 0.68 Valid 

4 0.60 Valid 

Essay 1 0.65 Valid 

2 0.56 Valid 

3 0.68 Valid 

4 0.59 Valid 

 

Based on the analysis of the Aiken index for each question that has been 

developed, on average, the questions fulfill the validity aspect. This is because the valid 

criteria are fulfilled where each Aiken' V has a value of more than 0.5. This means that 

the questions developed are theoretically appropriate and refer to construction, content, 

and language aspects. The importance of validity aspect of a learning product or 

learning measurement tool so that the information obtained from the instrument is 

appropriate. This is the opinion of Rezeki et al. (2022), who states that valid learning 

tools are the best way to obtain information about student abilities by learning 

objectives. The development of educational products must pay attention to the 

validation process because it is very important to get the best quality educational 

products (Risnawati et al., 2019). 

The validator obtains suggestions and inputs at the expert validity stage. The 

following summarizes the validator's recommendations for the designed questions. 

Based on the suggestions the validator gave, revisions were made to the product 

questions being developed. 

 
Table 3. Summary of validator suggestions 

Expert Rivew Revise 

V
al

id
at

o
r 

1
 ▪  In using context, it is better to accompany pictures or 

supporting photos so that students easily understand it 

▪ Improve the editorial sentence statement in point a so that 

students can complete it 

V
al

id
at

o
r 

2
 

▪ Add illustrations to pictures 

▪ Correct the sentence redaction on the question 

▪ The language of opportunity should be changed 
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The following is an example of the results of revising the description questions with 

data content and opportunities and Tabot Bengkulu contests. 

 

Table 4. Summary of validator suggestions 
Before Revision After Revision 

Problem: Tabot [Data and Chance] 

At the 2021 Tabot event in the city of Bengkulu, 

there is a Ferris wheel that has 8 cages, each 

cage containing two passengers. Each cage has 

certain colors as follows: 

Yellow = 1 cage 

Red = 3 cages 

Green = 2 cages 

            Blue = 2 cages. 

Questions 

a. What color cage does the passenger get off 

first? 

b.  Order the probability of a cage whose 

occupants descend from largest to smallest! 

 

 

 

 

 

Problem: Tabot [Data and Chance] 

At the Tabot event in 2021 in the city of Bengkulu, 

there is a Ferris wheel game that has 8 cages, and 

each cage can be occupied by two passengers, as 

shown in the following illustration. 

 

 
Figure Tabot and Ferris wheel (Source: 

journalelite.co.id) 

 

Each cage has certain colors as follows: 

Yellow = 1 cage 

Red = 3 cages 

Green = 2 cages 

Blue = 2 cages. 

Question: 

After the Ferris wheel rotates, determine: 

a. What color cage has the first occupant alighted 

based on the greatest probability? 

a. b. The order of the possible cages whose 

occupants descend from largest to smallest! 

 

Small Group Stage 

The small group stage involves 9 students with characteristics of the high, 

medium, and low ability levels, each consisting of three students. In carrying out trials 

in small groups, this was carried out by working on questions by the subject. After 

working on the questions, students were asked to assess by giving responses to the 

legibility of the questions assessment of students through a readability questionnaire. 

The results of this stage are in the form of student responses, namely: students provide 

answers to questions that are easy to understand, the context used in the questions is 

known by students, the presentation of symbols is easy to read, and the writing used is 

easy to read. 

 

Field Test Stage Results 

Test product questions that were developed extensively in large-scale classes with 

25 students. We use the data from the large-scale trial to test the questions' reliability 

and the standard error measurement (SEM) to support the quality of the developed 
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instrument. The results of calculating the reliability of MCA-based reasoning math 

questions on objective questions with a reliability value (R11) of 0.802 (high category). 

The data showed that the standard deviation in multiple-choice questions was 0.504, so 

the SEM was 0.224. In the description questions, the Cronbach alpha value is 0.628 

(high category) with a standard deviation of 0.94, with an SEM of 0.573.  

 

Potential Effect 

Data recap of students' ability in solving AKM questions descriptively is 

summarized as follows. 

 

Table 5. Category of student ability 
Category Students Percentage 

Excelent 1 4.00% 

Good 3 12.00% 

Moderate 12 48.00% 

Low 9 36.00% 

 

Based on Table 5 it can be seen that students' ability to solve mathematical 

reasoning questions of the AKM type is in the sufficient category with a percentage of 

48.00%. While only one student scored on the excellent criteria with a percentage of 

4.00%. In the low category as many as 9 students or 36.00%. The following is an 

example of a student's answer to one of the developed minimum competency 

assessment-type reasoning math questions. 

Analysis of student answers, in general, showed that students' mastery of 

questions was still in the low to sufficient category. This shows that there is still a need 

to emphasize similar questions in learning. We present one example of a student's 

answer in solving the problem in the developed question [type of question: description, 

material: data and uncertainty, context: Bengkulu culture]. 

 

 
Figure 1. Examples of student answers 

 

Based on Figure 1, the students' answers have been answered correctly, but in 

point part b the stages of completion have not been explained. Based on the description 

of the results of student answers and analysis of student answer sheets, it shows that 

students in general have moderate abilities. These results indicate that some students 

have been able to answer the questions correctly. The potential impact of this question 

is also measured through student response questionnaires. The results of student 
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responses after working on PISA-type reasoning math problems with the Bengkulu 

context are shown in the following table. 

 

Table 6. Student response to questions 
Interest in questions Respons of students (%) 

I am very interested in the problem in the problem 64.00 

seriously solved the problem with the problem we are 

currently in 60.00 

I'm not interested in solving problems 12.00 

Context makes it easier for me to solve problems 52.00 

 

Based on Table 6, it is known that the average student gave a good response to the 

questions developed. Thus, it can be concluded that the developed test instrument has a 

potential impact on students' reasoning abilities. The use of real contexts or local 

contexts that are close to students helps students in modeling problems in mathematics. 

The results of this study are supported by several previous studies. Zulkardi and Ilma 

(2006) suggest that mathematical problems that use various contexts will be able to 

present real situations that have been experienced for children. Javanese traditional 

games are potential to be an alternative media in improving children’s problem-solving 

skills (Iswinarti & Suminar, 2019). Problems used in learning must be close to students 

(Susanta, Sumardi, & Zulkardi, 2022). PISA model math problems content change and 

relationships have a potential effect on junior high school students (Ahyan, Zulkardi, & 

Darmawijoyo, 2014). 

 

▪ CONCLUSION 

This study resulted in a mathematical immersion of PISA-type reasoning that was 

valid, reliable, and had a potential impact on students. The results of the validity 

analysis with the Aiken index show that each question meets the valid criteria with an 

Aiken V of more than 0.5. The results of the reliability test on the purpose of the 

question obtained an R11 value of 0.802 (high category). From the data, the standard 

deviation of multiple-choice questions is 0.504 so the SEM is 0.224. In the description 

problem, the Cronbach alpha value is 0.628 (high category) with a standard deviation of 

0.94 and the SEM is 0.573. Questions have a potential impact on students' reasoning 

abilities. 

Based on the results of the development of the questions that have been carried 

out, suggestions that can be given by the author are that teachers need to use context in 

preparing instrument tests. In using the context, the teacher mostly chooses a context 

that is appropriate to the material and is clearly described so that students can easily 

understand the problem in the problem. 
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