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Abstract 

Special needs students often face challenges in understanding mathematical concepts, which can impact both their 

learning outcomes and behavioural engagement. Incorporating interactive e-comics with proton-electron media may 

not only enhance their conceptual understanding but also influence their conceptual understanding of behaviour in 

mathematics. This study investigates whether using e-comics with proton-electron media improves the mathematics 

conceptual understanding of special needs students. Additionally, it examines their behaviour in solving mathematical 

conceptual tests. The sample was selected from public and private schools with similar student characteristics. Two 

students from each category—deaf, autistic, and intellectual disabilities—were selected based on their teachers' 

recommendations, ensuring they had similar abilities. A case study design was employed, using test questions and 

behaviour rubrics to assess conceptual understanding and behavioural patterns. Descriptive analysis was applied to 

compare students' behaviour before and after treatment. The findings indicate that students' mathematical 

understanding and behaviour vary significantly, making generalization difficult. While no changes in behavioural 

categories were observed across disabilities, an improvement in conceptual understanding was noted. Furthermore, the 

study identifies an additional behaviour pattern, semi-instrumentalist understanding behaviour, expanding on the 

findings of previous studies. These findings suggest that interactive e-comics with proton-electron media can be a 

valuable tool for enhancing the conceptual understanding of special needs students while offering educators insights 

into students' behavioural responses during learning. 

 Keywords: Autism, Behavior, Deaf, Intellectual Disorder, Semi-Instrumentalist  

 

INTRODUCTION 

One of the main goals of mathematics education is to develop students’ knowledge and conceptualization 

and to establish connections between the two [1], [2], [3] . Knowledge refers to the utilization of dynamic 

rules or algorithms, which enables students to apply specific algorithms to relevant representations, while 

conceptualization encompasses both knowledge and skills, as well as proficiency in particular areas [4], 

[5]. Thes e two aspects play an important role in improving the quality and effectiveness of mathematics 

learning and teaching [6], [7]. In addition to these aspects, students must also be trained to develop a 

strong conceptual understanding of mathematics. According to Iannone and Cockburn, (2008)[1], [2], 

[3], mathematical conceptual understanding involves students engaging in mental interactions that 

facilitate the abstraction and generalization of concepts. Conceptual facts, concepts, principles, and 

algorithms are important for problem-solving [8], [9]. Therefore, teachers must be adequately prepared to 

provide innovative learning experiences and strong motivation, so that children can understand basic 

mathematics concepts effectively and meaningfully from an early age, particularly in elementary school 

[10], [11]. 

The most important concepts to teach in elementary school are addition and subtraction, as these 

concepts serve as fundamental building blocks for higher-level mathematics [12], [13], [14]. However, 

many problems occur when students try to understand this concept. According to [15], many studies show 

that most elementary school children under the age of 10 fail to use shortcut strategies to solve inverse 

problems such as “a + b − b”, often relying on the use of “a + b − c” method. [16] found that 
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elementary school students frequently encounter difficulties in comprehending number values, place 

values, and operations involving numbers. [17] noted that students are accustomed to learning through 

the pattern a + b = □, which leads to difficulties when they encounter the pattern (a + □ = c) and 

the pattern ( □ + b = c). Furthermore, elementary school students also struggle with fundamental 

concepts in addition and subtraction, such as the commutative, distributive, and associative properties 

[18]. Many studies have shown that in addition to difficulties in understanding the concepts of addition 

and subtraction, students also face challenges in solving mathematical problems related to these concepts 

[19], [20], [21], [22]. 

This problem also occurs among special needs students. These students often perform addition, 

subtraction, and number writing spontaneously, without fully understanding the operational forms 

involved in the problems [23]. Students with special needs may struggle to comprehend abstract terms 

and require substantial concrete experiences to grasp the concepts of addition and subtraction [24]. 

Another challenge faced by these students is a lack of confidence in developing their own strategies for 

applying the concepts of addition and subtraction in mathematical problem-solving [23]. Special needs 

students also have problems in choosing flexible strategies for solving addition and subtraction problems 

[25]. 

The difficulties faced by students with special needs in understanding the concepts of addition and 

subtraction can be attributed to the learning process often adhering strictly to prescribed solution 

methods. This approach may lead to errors, as it does not align with the students' own thinking but rather 

reflects the perspectives of the teacher or textbook author [26], [27], [28], [29]. Furthermore, students do 

not practice enough mathematics knowledge on addition and subtraction topics, which can be 

represented in at least three ways: procedural knowledge, which refers to computational skills; factual 

knowledge, which consists of memorized information about relationships between numbers; and 

conceptual knowledge, which involves understanding mathematics principles [6], [30], [31]. Special needs 

students do not yet have solid conceptual knowledge to determine whether they can choose to use the 

right concept to find and use strategies at the right time [24], [32]. The selected strategy cannot be used 

in a flexible and goal-oriented manner that influences and supports the selection and implementation of 

subsequent procedures in solving problems using the concepts of addition and subtraction by students 

[1], [33]. Furthermore, the use of mathematics procedures is not yet effective in carrying out operations 

determined by students when utilizing conceptual knowledge of addition and subtraction [17], [34], [35], 

[36]. 

Many researchers have tried to identify solutions to the challenges students face in understanding 

concepts related to addition and subtraction. Peters, et al (2014) [37] conducted a study aimed at teaching 

children with special needs by developing various flexible and diverse strategies for addition and 

subtraction. The results of his study indicate that the strategies developed for teaching children with 

special needs are more effective than traditional methods. Additionally, Polo-Blanco and González López 

(2021) [38] explored the development of informal strategies for problem-solving using the concepts of 

addition and subtraction among students with autism spectrum disorders. The results of this study 

indicate that students with autism disorders can represent answers in the correct form without any 

significant assistance. Furthermore, numerous mathematical learning media have been developed for 

students with special needs to address their learning difficulties. [39] developed a learning media called 

“Karbicus Media” to assist students with intellectual disabilities in understanding the concepts of addition 

and subtraction. The results of the study indicate that this media can effectively enhance students' abilities 

in adding numbers from 1 to 10. Additionally, research has also focused on the development of animated 

learning media, with findings suggesting that the developed media can be effectively utilized by students 

with special needs. [40] also utilized card media to enhance students' understanding of addition and 

subtraction concepts among deaf students. The results of his study demonstrate a significant improvement 

in the ability of deaf students to comprehend the concepts of addition and subtraction. 

Furthermore, the Interactive Mathematics Comic with Proton-Electron Media is an innovative 

educational tool designed to enhance the conceptual understanding of addition and subtraction among 

students with special needs [41], [42]. By incorporating interactive storytelling, vibrant illustrations, and 

engaging animations, this medium simplifies complex mathematical concepts, making them more 

accessible and enjoyable [43]. The use of proton-electron media provides a unique representation of 

numerical values and operations, aiding students in concretely visualizing abstract ideas. Research suggests 

that visual and interactive learning approaches significantly enhance mathematical comprehension and 
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retention, particularly for students with learning difficulties [44], [45]. Additionally, integrating interactive 

elements into mathematical instruction has been shown to enhance students' motivation and confidence, 

resulting in improved learning outcomes [46]. Thus, the Interactive Mathematics Comic with Proton- 

Electron Media serves as an effective tool for fostering a deeper understanding of mathematics while 

making the learning process more engaging and inclusive. 

Research has focused on improving the comprehension abilities of students with special needs regarding 

mathematical concepts in addition and subtraction. This research examines how students with special 

needs engage with the concepts of addition and subtraction. Conceptual understanding behavior 

encompasses the evaluation of students from various aspects, including cognitive, affective, and 

psychomotor domains. The assessment of conceptual understanding behavior is conducted using the 

Mathematics Concept Understanding Behavior Rubric, as outlined in the research by Gunawan et al., 

[47]. In the study, Gunawan et al., [47] categorized student behavior into three categories: instrumentalist, 

semi-relationalist, and relationalist. Students will be observed both before and after the intervention. The 

intervention involves a learning process utilizing a valid and practical e-comic with proton and electron 

media, which has been developed in previous research by Harisman et al., [41]. In addition to the teaching 

materials and strategies employed by teachers, the students' home or school environment will also 

influence their academic achievement [48], [49], [50]. This study examines the effectiveness of e-comics 

utilizing proton-electron media in enhancing the conceptual understanding of mathematics among 

students with special needs, and observes changes in their behavior when solving problems. The research 

questions addressed in this study are: (1) Does the use of e-comics with proton-electron media improve 

the mathematical conceptual understanding of students with special needs? and (2) Are there behavioral 

changes in problem-solving following the use of the learning media? 

 

METHODS 

This research is a follow-up study on the e-comic utilizing proton and electron media, which was 

developed in previous research [41]. Furthermore, this study examines the behavior related to the 

conceptual understanding of mathematics among students with special needs. The behavior of these 

students will be described both before and after the intervention. This section outlines the research 

design, participants, instruments, and data analysis. 

Research Design 

The research employed a case study design. Each subject's improvement was analyzed in terms of 

conceptual and behavioural understanding by comparing pre-test and post-test results. The study utilized 

classical analysis to describe the increase in each subject’s ability. The observed variables include the type 

of school (public and private) and three categories of special needs students: intellectual disabilities, 

deafness, and autism. The study examined students' conceptual understanding and behavioural 

engagement before and after the learning intervention, which integrates an interactive e-comic with 

proton-electron media for teaching addition and subtraction. The learning process was conducted by the 

researchers over four days using the e-comic, supported by special education teachers (SLB teachers) to 

ensure effective implementation. 

Research Target/Subject 

Research targets/subjects (for qualitative research) or sample-population (for quantitative research) need 

to be explained clearly in this section. It is also necessary to write down the technique of obtaining subjects 

(qualitative research) and/or the sampling technique (quantitative research). 

Research Participant 

The participants in the study consisted of six students from two special schools, including three students 

with different disabilities (deafness, intellectual disabilities, and autism) from a private school, and three 

students with the same disabilities from a public school. The selection of participants was based on the 

criteria that they came from the same educational level and possessed similar academic abilities. 

Participants were identified by teachers at the school, who referred to student performance in class. The 

sample size was determined using a purposive sampling technique, which is commonly employed in 

qualitative and small-scale experimental studies involving special [51]. Given the exploratory nature of 

this research, a small sample size is considered adequate for obtaining in-depth insights into the 

effectiveness of the intervention [52]. Previous studies indicate that research involving students with 

special needs often utilizes small sample sizes due to challenges in recruiting participants and the necessity 

for detailed individual observations [53]. Therefore, the selection of six participants ensures a manageable 
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yet diverse representation of students with different disabilities while maintaining the feasibility of data 

collection and analysis. 

Instruments, and Data Collection Techniques 

The research instrument used was a mathematics concept understanding test adjusted to the indicators 

of mathematics concept understanding ability and mathematics concept understanding behaviour. The 

mathematics conceptual understanding ability questions can be seen in Table 1. 

Table 1. Mathematics Conceptual Understanding Questions 

Number  Question 
 

1 The sister exchanged his 5000 rupiah for 1000 and 2000 rupiah. How many 1000 

and 2000 rupiahs did she get? 
 

2 Read the story below and decide whether you will use addition or subtraction! Put 

a checkmark in one of the columns, addition or subtraction! 
 Story Addition Subtraction 

a. Arkan has Rp. 5,000. His uncle gave Arkan Rp. 

10,000. How much money does Arkan have now? 

  

b. After receiving money from his uncle, Arkan 

bought fried food for 3000 rupiahs. How much 

money does Arkan have now? 

  

c. After Arkan bought fried food, Arkan found 

2000 rupiah in his bag. How much money does 

Arkan have now? 

  

 

3 Dad bought 3 apples for Mom. 

Mom also bought 2 apples; how many apples does Mom have now? 
 

4 Bintang has Rp. 10,000. Because Bintang is a good sister, she gives Rp. 2,000 to 

Arkan and Rp. 3,000 to Nabila. How much money does Bintang have left? 
 

5 In what activities can you use addition and subtraction? 

 

The test questions have been validated by four mathematics education experts. The validation results are 

presented in Table 2. 

Table 2. Result of Mathematics Conceptual Understanding Questions Validation 
Validator Average Score Category 

Validator 1 4.4 Valid 

Validator 2 4 Valid 

Validator 3 5 Valid 

Validator 4 3.6 Fair 

Mean 4,25 Valid 

 

In addition to assessing the ability to understand the concepts employed, students were interviewed 

regarding their mathematical responses to reveal their understanding behavior related to mathematical 

concepts. The reliability of the test is 0.74, indicating a fairly good level of consistency. 

Data analysis technique 

How to interpret the data obtained, in relation to the problems and research objectives, needs to be 

explained clearly. 

The ability to understand mathematics concepts was assessed using the rubric in Table 3. 

 

 
Table 3. Mathematics Conceptual Understanding Test Rubric. 

Indicator 
 Score  

0 1 2 

Representing 

concepts in a 

different view 

No answer  Has shown a way of thinking 

in stating concepts from 

different perspectives with 

few errors 

Has shown a way of thinking in 

stating concepts from different 

perspectives correctly 
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Translating 

concepts  in  the 

verbal language into 

writing and vice 

versa 

Predicting trend 

patterns 

 

Using the 

procedure skilfully. 

Linking one 

concept with 

another 

No answer  Has shown how to translate 

concepts from spoken to 

written and vice versa with 

minimal errors 

 

No answer Has shown how to predict 

pattern tendencies with 

minimal error 

No answer Has  shown  how  to  use 

procedures with few errors 

No answer Has shown a slight error in 

connecting one concept to 

another 

Has shown how to translate 

concepts from spoken to written 

and vice versa correctly 

 

 

Has shown how to predict 

pattern tendencies correctly 

 

Has shown how to use 

procedures skilfully 

Has shown connecting one 

concept to another 

Source: Gunawan et al. (2019)[47] 

 

After the students' mathematics concept understanding ability has been scored with a rubric for each 

disability and each school, data processing was carried out using the Single Subject Research Technique 

to see whether e-comics affects the achievement of mathematics concept understanding abilities of special 

needs students. Furthermore, the behavior of students with each disability and from each school is 

classified and described based on the results of tests and interviews conducted with each student, utilizing 

the rubric presented in Table 4. 

Table 4. Mathematics Conceptual Und erstand ng Behavior Rubric 

Indicator 
 Category  

Instrumentalist 

 

Semi relationalism Relationalism 
 

Previous knowledge Not utilizing prior There is an attempt to utilize Making use of prior 
 knowledge  prior knowledge   knowledge 

Representing Not being able to There is an error in Being able to represent a 

concepts in a 
different view 

represent concepts 
from a different view 

representing a concept from a 
different point of view 

concept correctly from a 
different point of view 

Translating concepts Not being  able to There is an error in translating Being able to translate a 

in the verbal translate a concept a  concept  into  verbal  or concept into verbal and 

language into into verbal or written written language written language 

writing and vice 

versa 

language   

Predicts trend Not being  able to There is an error in predicting Being able to predict 

patterns predict the trend of a 

particular pattern 

certain pattern trends certain pattern trends 

Using the procedure Not being able to use There is a mistake in using the Being able to use the 

skilfully. the procedure skilfully procedure procedure skilfully 

Linking one concept Not being able to 

with another associate  a concept 

with another concept 

There is an error in 

associating a concept with 

another concept 

Being able to link a 

concept with another 

concept 

Metacognitive Metacognitive Metacognitive thinking Metacognitive thinking 
 thinking does not appears verbally is evident in written and 
 appear, either in  verbal responses 

 written or verbal 

communication. 

  

Belief Unsure of his Being able to solve confidently Being confident in 
 conceptual some of the problems related solving the problem 

 understanding to the concept he understands related to the concept 

he understands 

Confidence Not confident A little confident Confident 

Fast and precise Slow in showing their Showing doubt in his or her Fast and precise  in 

 understanding understanding through 
answers to questions 

showing his 
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through answers to 

questions 

Source: Gunawan et al. (2019) [47] 

understanding through 

answers to questions 

 

RESULTS AND DISCUSSION 

This section explains how special needs students behave before and after the learning process using e- 

commerce media assisted by protons and electrons on addition and subtraction topics. This section 

discusses how students understand mathematical concepts with their disability. How students behave 

before and after learning to use economic mathematics is explained in this section. 

Changes in Mathematics Conceptual Understanding Ability 

Data on students' pre-test and post-test improvement can be seen in Table 5. 

Table 5. N-Gain Analysis of Conceptual Understanding Improvement Among Special Needs Students 

Using E-Comic with Proton-Electron Media 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Deaf 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As Table 5 indicates, the N-Gain analysis of students' conceptual understanding and behaviour shows 

varying levels of improvement across different disabilities and school types. Students with intellectual 

disorders and hearing impairments from private schools demonstrated higher N-Gain scores, indicating 

a significant improvement in their understanding after the intervention. In contrast, students from public 

schools showed a range of high and low N-Gain values, suggesting that while some benefited from the 

learning process, others showed minimal progress. Notably, students with autism exhibited the lowest 

improvement, with many maintaining a pretest score of zero and showing no gains in the posttest. This 

suggests that the e-comic with proton-electron media is more effective for students with intellectual 

Disability School Student Indicator 
Pretest 

Score 

Posttest 

Score 

N-Gain 

Score 

 Public PDT 1 0 0 0.00 
   2 2 2 0.00 
   3 2 2 0.00 
   4 0 2 1.00 

Intellectual   5 0 0 0.00 

Disorder Private PRI 1 0 2 1.00 
   2 1 2 0.50 
   3 2 2 0.00 
   4 2 2 0.00 
   5 0 0 0.00 
 Public DSS 1 0 0 0.00 
   2 2 2 0.00 
   3 2 2 0.00 
   4 0 2 1.00 
   5 0 0 0.00 
 Private MZM 1 0 2 1.00 
   2 1 2 0.50 
   3 2 2 0.00 
   4 2 2 0.00 
   5 0 2 1.00 
 Public EZ 1 0 0 0.00 
   2 2 2 0.00 
   3 0 2 1.00 
   4 0 0 0.00 
   5 0 0 0.00 
Autism Private EPM 1 0 0 0.00 

   2 0 0 0.00 
   3 0 0 0.00 
   4 0 0 0.00 
   5 0 0 0.00 
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disorders and hearing impairments but has a limited impact on autistic students. These findings highlight 

the need for tailored instructional strategies to better support students with different types of disabilities. 

Changes in Mathematics Conceptual Understanding Behavior 

This section explains how students with special needs behave when given a pretest or posttest regarding 

their ability to understand mathematical concepts. This behavior is described based on the Concept 

Understanding Behavior Rubric presented in Table 3. Student behavior was also analyzed by comparing 

public and private schools. The results were obtained by examining students' responses before and after 

the learning intervention, as shown in Table 6. 

Table 6. Mathematics Conceptual Understanding Behavior 

Type of Disability School Student  Pre-test Postest 

Intellectual  Public PDT Instrumentalist   Instrumentalist  

Disorder Private PRI 
Semi 

Relasionalist 
Relasionalist 

 
 

Deaf  Public DSS Instrumentalist Instrumentalist  

Private MZM Instrumentalist Relasionalist 
 

Autism  Public EZ - -  

Private EPM - - 

Instrumentalis 

Instrumentalist behaviour is shown by PDT. PDT has an intellectual disorder and was given 

comprehension questions as outlined in Table 2. The following is a representation of PDT's responses to 

each conceptual comprehension question, along with the results of the interview with PDT. Figure 1 

illustrates a representation of PDT's answers to question 1. 

Figure 1. PDT’s answer to Question 1 

  

PDT answered question number one with 1000 rupiah bills. When asked why he answered 1000, PDT 

hesitated to answer and admitted that he did not understand the meaning of the question. PDT also 

stated that the answer was obtained by guessing. When given directions to use real money, PDT was able 

to give the right answer and responded in a different perspective which can be seen in Figure 2. 

Figure 2. PDT’s answer to Question 1 in Interview 

 

 

PDT can provide two perspectives: if there are one or two thousand rupiah bills and three one-thousand 

rupiah bills, PDT can respond with two two-thousand rupiah bills and one one-thousand rupiah bill. PDT 

demonstrates metacognition in oral communication. Although PDT appears hesitant in responding, he 

exhibits a degree of confidence when answering questions. 

The representation of PDT's answer to Question 2 is shown in Figure 3. 

Figure 3. PDT’s Answer to Question 2 

 

Translation 

1000-rupiah bills 

Tranlation 

One 2000-rupiah bill and three 1000-rupiah bills 

Two 2000-rupiah bill and one 1000-rupiah bills 
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Tranlations 

Story 

 

 
Addition 

 

 
Subtraction 

a. Arkan has Rp. 5,000. Uncle gave Arkan Rp. 10,000. How much 

money does Arkan have now? 
b. After being given money by his uncle, Arkan bought fried food 
for 3000 rupiahs. How much money does Arkan have now? 

c. After Arkan bought fried food, Arkan found 2000 rupiah in his 

 bag. How much money does Arkan have now?  

v 

 

 

v 

 

v 

 

As Figure 3 indicates, for question 2, PDT was able to identify the pattern tendency; how0ever, when 

asked again, PDT seemed hesitant to respond. PDT admitted that for answer number 2, he only guessed. 

When given guidance to use money again, PDT was able to answer the question correctly. PDT 

determined that in story A, Arkan's money was fifteen thousand; in story B, it was twelve thousand; and 

in story C, it was only fourteen thousand. When determining the story, PDT remained uncertain about 

the addition or subtraction of some of the answers provided. 

PDT's answer to Question 3 can be seen in Figure 4. 

Figure 4. PDT’s answer to Question 3 

 
PDT answered correctly to Question 3, and when explaining verbally, he was able to articulate his answer, 

albeit with some hesitation. Although PDT remains uncertain about his abilities, he demonstrated a 

degree of confidence in explaining Question 3. He employed the correct procedure, specifically adding 

apples. In contrast, for Question 4, PDT made errors in his response. A representation of PDT's answer 

to Question 4 is illustrated in Figure 5. 

Figure 5. PDT’s answer to Question 4 

 

 

When asked why he wrote the number fifteen thousand in his answer, PDT regarded the problem as an 

addition problem. This indicates that PDT still does not fully understand the problem and continues to 

have difficulty distinguishing between addition and subtraction. However, when tested with real money, 

PDT was able to arrive at the correct answer. He successfully employed the appropriate procedure in 

solving Question 4 with the assistance of money. A representation of PDT's answer can be seen in Figure 

6. 

Figure 6. PDT’s answer to Question 4 in the interview 

 
 

Next, PDT’s answer to Question 5 can be seen in Figure 7. 

Figure 7. PDT’s answer to Question 5 

 

 

When asked for the answer to Question 5, PDT admitted to responding by guessing. He appeared to 

remain uncertain about the concepts of subtraction and addition. PDT has not been able to utilize prior 

knowledge and cannot connect one concept to another. Therefore, PDT can be categorized as exhibiting 

instrumentalist behavior. 

Semi-Relasionalist 

PRI showed semi-relationalist behavior. PRI has an intellectual disorder and a semi-relational behaviour 

category. The following is PRI's answers for each conceptual understanding question and the results of 

the interview with PRI. Figure 8 shows a representation of PRI's answers to Question 1. 

Figure 8. PRI’s answer to Question 1 

  

Tranlations 

1 sheet 

2 sheets 
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PRI answered Question 1 with the response of 1 sheet and 2 sheets, which is unclear. When asked why 

he provided the answers of 1 sheet and 2 sheets, PRI explained that he meant 1 sheet of one thousand 

rupiah and 2 sheets of two thousand rupiah. From this response, PRI has demonstrated the ability to 

articulate the concept from a different perspective. He is confident, quick, and responsive in 

demonstrating his understanding when answering questions. Improvements in PRI's responses can be 

seen in Figure 9. 

Figure 9. PRI’s answer to Question 1 in interview 

 
 

Furthermore, the representation of PRI's answer to Question 2 can be seen in Figure 10. 

Figure 10. PRI’s answer to Question 2 
 

 

 

 

 

 

Tranlations 

Story Addition Subtraction 

a. Arkan has Rp. 5,000. Uncle gave Arkan Rp. 10,000. How much money 

does Arkan have now? 

b. After being given money by his uncle, Arkan bought fried food for 3000 

rupiahs. How much money does Arkan have now? 
c. After Arkan bought fried food, Arkan found 2000 rupiah in his bag. How 

 much money does Arkan have now?  

v 

v 

v 

 

From Figure 11, two PRIs were able to identify the pattern tendency; however, there are errors in story 

part B. When asked again, PRI can correctly identify the story that involves both addition and subtraction. 

PRI is quick and responsive in demonstrating understanding when answering questions. Metacognition 

is evident in PRI's speech and writing; in his written response, PRI modifies the answer that was previously 

the result of the operation by marking it with a check. During the interview, PRI corrects his answer, as 

illustrated in Figure 11. 

Figure 11. PRI’s answer to Question 3 
 

 

 

 

 

 

Tranlations 

Story 

 

Addition 

 

Subtraction 

a. Arkan has Rp. 5,000. Uncle gave Arkan Rp. 10,000. How much money 

does Arkan have now? 

b. After being given money by his uncle, Arkan bought fried food for 3000 
rupiahs. How much money does Arkan have now? 

c. After Arkan bought fried food, Arkan found 2000 rupiah in his bag. How 

 much money does Arkan have now?  

v 

v 

v 

 

 

v 

The representation of PRI's answer to Question 3 can be seen in Figure 12. 

Figure 12. PRI’s answer to Question 4 

 
From Figure 12, PRI made a mistake in answering the question; however, upon repeating the question, 

PRI was able to answer correctly. He successfully employed the appropriate procedure in solving Question 

3. The previous error was attributed to PRI's carelessness, as he did not focus on the specifics of Question 

3. While PRI is confident in his abilities, he has demonstrated assurance in explaining Question 3. PRI 

understands that the key to Question 3 involves buying food, and he added an apple in his response. The 

following is PRI's corrected answer for Problem Number 3, which can be seen in Figure 13. 

Tranlations 

One 1000-rupiah bill 

Two 2000-rupiah bill 



International Journal of Environmental Sciences 

ISSN: 2229-7359 

Vol. 11 No. 5, 2025 

https://theaspd.com/index.php 

2452 

 

 

Figure 13. PRI’s answer to Question 3 in interview 

 
 

Meanwhile, for Question 4, PRI was able to answer the question correctly. The following is a 

representation of PRI's answer to Question 4 which can be seen in Figure 14. 

Figure 14. PRI’s answer to Question 4 

 
PRI skillfully employed the procedure in Question 4. He explained that the money given to Arkan is two 

thousand, and the amount given to Nabila is three thousand, leaving Bintang with only five thousand. 

PRI recognized that this problem involves subtraction, as money is given to both Arkan and Nabila. He 

also demonstrated an effort to utilize prior knowledge. PRI's answer representation for Question 4 can 

be seen in Figure 15. 

Figure 15. PRI’s answer to Question 5 

 
 

When asked for the answer to Question 5, PRI responded by indicating addition, subtraction, and 

addition again. PRI stated that his response to Question 5 was based on the activities described in 

Question 2. From this answer, PRI demonstrated the ability to distinguish between addition and 

subtraction activities. However, he remained hesitant to provide examples of daily life activities related to 

Question 5. PRI also attempted to utilize prior knowledge to answer Question 5. Based on the results of 

these responses, PRI can be categorized as exhibiting relationalist behavior. 

Relasionalist 

The behavior exhibited by MZM after participating in the learning process with the e-comic demonstrates 

characteristics of the relationalist behavior category. Almost all of MZM's answers were correct. Figure 16 

illustrates the representation of MZM's responses to Question 1. 

Figure 16. MZM’s answer to Question 1 

 
 

MZM was able to answer this question correctly from one perspective. When asked whether there were 

other possible answers to Question 1, MZM appeared somewhat hesitant and confused. The researcher 

then presented 5000, 1000, and 2000 rupiah bills and asked MZM to explore other possibilities based on 

the answers previously given. MZM successfully identified alternative perspectives by providing examples. 

Figure 17 illustrates a representation of MZM's responses when the money denominations were 

presented. 

Figure 17. MZM’s answer to Question 1 in the interview 

 
 

In Figure 17, it can be observed that MZM is able to present an alternative perspective using 2000 and 

1000 rupiah denominations, specifically by indicating that there are 3 one-thousand notes and 2 two- 

thousand notes. When explaining, MZM demonstrates a clear understanding and exhibits confidence in 

delivering the answer. The following is a representation of MZM's response to Question 2, which can be 

seen in Figure 18. 

Figure 18. MZM’s answer to Question 2 

Tranlations 

One 1000-rupiah bill 

Two 2000-rupiah bill 

Tranlations 

a. Addition 

b. Subtraction 

c. Additiona 
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Tranlations 

Story Addition Subtraction 

a. Arkan has Rp. 5,000. Uncle gave Arkan Rp. 10,000. How much money 
does Arkan have now? 

b. After being given money by his uncle, Arkan bought fried food for 3000 

rupiahs. How much money does Arkan have now? 
c. After Arkan bought fried food, Arkan found 2000 rupiah in his bag. How 

 much money does Arkan have now?  

v 

 

 

v 

 

 

v 

 

For Question 2, MZM was able to identify the pattern tendency. When asked, MZM demonstrated a clear 

understanding of the problem and was able to provide the correct rationale by identifying the keywords: 

if money is given, then addition is required; if something is purchased, it will reduce the available funds. 

MZM answered with full confidence. Furthermore, for Question 4, MZM successfully applied the correct 

procedure in his response. Additionally, MZM answered the questions in Question 3 effectively. Figure 

19 illustrates the representation of MZM's answers. 

Figure 19. MZM’s answer to Question 3 

  

As shown in Figure 20, MZM's answer is correct. MZM also provides justifications and demonstrates the 

procedure accurately, stating that the number of apples increases because of the phrase "given by Mother." 

He answered with confidence. However, when asked if he had encountered a similar problem before, he 

did not understand the question and was unable to provide an example of a prior experience. 

Furthermore, for Question 4, MZM was also able to answer correctly. The representation of MZM's 

answer can be seen in Figure 20. 

Figure 20. MZM’s answer to Question 4 

 

 

In Question 5, MZM correctly identified the procedure, subtracting the original amount of money from 

the amounts given to his two siblings. MZM was also able to explain the problem clearly and confidently. 

When the researcher inquired why he subtracted the money, MZM responded that it was because the 

funds were given to Arkan and Nabila. Furthermore, MZM successfully related the problem to other 

concepts, specifically everyday life situations, and provided examples of addition and subtraction, as 

illustrated in Figure 21. 

Figure 21. MZM’s answer to Question 4 

 

 

In the interview, MZM provided examples of addition, stating that it occurs when he is given money or 

finds money in a bag, cupboard, or on the street. He also noted that subtraction is applicable when he 

purchases food with his money or gives the money he has to his younger or older siblings. MZM 

demonstrates strong self-confidence. His metacognitive thinking is evident in both oral and written 

communication; in his written responses, MZM crossed out incorrect answers before arriving at the 

correct one. He mentioned that initially, he considered Question 2 while attempting to answer Question 

5, but upon rereading the question, he realized that it required him to provide examples of addition and 

subtraction problems. Based on MZM's responses, he can be categorized as exhibiting relationalist 

behavior. 

Behavior that cannot be categorized based on expert rubrics 

Tranlations 

Five 5 

Tranlations 

Addition: Rp 7000 + Rp 3000 = Rp 10.000 

Subtraction: Rp 5000 – Rp 2000 = Rp 3000 
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From the tests and interviews conducted, it was found that EZ could not be categorized within the 

mathematics concept understanding behavior rubric. This applies to all existing indicators, with the 

exception of the "prior knowledge" indicator, where EZ demonstrated some understanding of addition 

and subtraction involving integers. In terms of prior knowledge, EZ is able to recognize and identify 

numbers, although errors are present. For instance, when reading the number 1000, he misreads it as 

"ten thousand" in Question 1, as illustrated in Figure 22. 

Figure 22. EZ’s answer to Question 1 

 
When the interviewer asked EZ to read the number again, he still misread it as "ten thousand." This 

indicates a lack of metacognitive awareness in EZ. Furthermore, EZ is unable to extract information from 

the reading text, as evidenced by the responses he provided. During the interview, EZ tended to focus 

solely on identifying the numbers, resulting in answers such as "5000" and "2000," which merely repeated 

the numerical information presented in the question without considering the accompanying context or 

sentences. Ultimately, when asked to explain what the question was asking, EZ was unable to provide a 

response and simply reread the question. The interviewer continued to inquire about EZ's answer to 

Question 2. Interestingly, for Question 2, EZ was able to answer correctly. EZ's response to Question 2 

can be seen in Figure 23. 

Figure 23. EZ’s answer to Question 2 
 

 

 

 

 

 

Tranlations 

Story 
 

Addition 
 

Subtraction 

a. Arkan has Rp. 5,000. Uncle gave Arkan Rp. 10,000. How much money 

does Arkan have now? 

b. After being given money by his uncle, Arkan bought fried food for 3000 
rupiahs. How much money does Arkan have now? 

c. After Arkan bought fried food, Arkan found 2000 rupiah in his bag. How 

 much money does Arkan have now?  

v 

 

 

v 

 

v 

 

However, when asked, EZ was unable to explain how he arrived at his answer for this question. The 

interviewer suspected that EZ remembered this question from a previous meeting, during which it had 

been tested with the assistance of the teacher. In this instance, the interviewer chose not to pursue further 

questions, as EZ could not articulate how he reached his answer. Furthermore, for Questions 3, 4, and 5, 

EZ was also unable to process the available information. He struggled to comprehend the questions, and 

at times, his responses were completely unrelated. EZ's answers to Questions 3, 4, and 5 can be seen in 

Figure 24. 

Figure 24. EZ’s answers for Questions 3, 4, and 5 

 
 

In question number 3, EZ answered with the number 1000 which does not correlate with the question 

given. For this question, the interviewer tried to provide a picture of 2 more apples. These additional 2 

apples can be seen in Figure 25. 

Figure 25. Apples that were added by the interviewer 

When the interviewer asked EZ again, "How much is this?" EZ responded with "5." In Question 4, EZ 

followed the same pattern as in Question 1, where he merely recorded the numerical information 

provided in the question without attending to or understanding the context or the question itself. For 

Question 5, EZ also demonstrated a lack of comprehension and chose to write the "+" sign, which 

represents the addition operation. In this assessment, EZ exhibited behaviors that do not align with the 

appropriate mathematics concept understanding behavior rubric. His responses indicated that he had not 

effectively processed the information, rendering him unable to respond to literacy questions. This was 

further supported by the observation that he could only answer questions related to contexts that were 
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directly visible, without any accompanying textual information, as illustrated in Figure 31. EZ's behavior 

is summarized in Table 4, and a detailed description of his behavior can be found in Table 7. In this 

research, EZ is classified as exhibiting semi-instrumentalist behavior. 

Table 7. Behavior that cannot be categorized based on expert rubrics 

Indicator 
 Category  

Semi Instrumentalist 

Previous knowledge Not focusing/paying attention to learning utilizing 

prior knowledge. 
 

Represents concepts in a different view Not focusing/paying attention  to learning to 

represent concepts from a different view. 
 

Translating concepts in the verbal language Not focusing/ paying attention to learning to 

into writing and vice versa translate a concept into verbal or written language 
 

Predicts trend patterns Not focusing/ paying attention to learning to 

predict the trend of a particular pattern. 

Use the procedure skilfully. Not focusing/ paying attention to use the procedure 

skilfully. 
 

Linking one concept with another Not focusing/ paying attention to associate a 

concept with another concept. 
 

Metacognitive Not focusing/ paying attention to Metacognitive 

thinking either in written or verbal communication. 
 

Belief Not focusing/ paying attention to conceptual 

understanding. 
 

Confidence Just looking left and right and not paying attention. 
 

Fast and precise Not Paying attention 

 

Based on the research results, it is evident that some factors impact student behavior, while others do not 

influence their understanding of concepts. For students with intellectual disabilities in both public and 

private schools, the behavioral categories they exhibit remain consistent; however, there may be slight 

shifts in their understanding of the material being studied. Children with intellectual disabilities learn at 

their own pace [54], [55]. Nevertheless, they must interact with peers and their environment, allowing 

them to learn together in a shared space, albeit with varying depths and breadths of understanding. 

Based on the learning process, several aspects must be clarified in economic mathematics assisted by 

protons and electrons, including: (1) clarifying the use of brackets, particularly in subtraction operations 

involving subsequent numbers; and (2) elucidating the meaning of the number zero, specifically in the 

context of combining red and blue pieces. This clarification is essential to ensure that students do not 

hesitate to incorporate the number zero during subtraction operations when there are insufficient colored 

pieces or when they do not realize that pieces have been removed. The effectiveness of the learning process 

is contingent upon how teachers develop learning tools. If educators create effective learning tools, 

students are more likely to engage positively in the learning process. Competent educators emerge from 

well-prepared teachers in the learning environment [56]. Student behavior can also be influenced by the 

integration of various engaging teaching materials and resources [56], [57], [58], [59], [60], [61], [62], [63], 

[64], [65]. The findings of this study highlight the potential benefits of integrating interactive e-comics 

with proton-electron media into mathematics instruction for students with special needs. Given that these 

students often struggle with abstract mathematical concepts [66], interactive and visually engaging tools 

can serve as effective learning aids, enhancing both their conceptual understanding and problem-solving 

behaviors. The study’s identification of variations in students’ mathematical comprehension and 

behavioral engagement highlights the necessity for a more personalized learning approach, consistent with 

prior research that emphasizes individualized instruction to address diverse learning needs [67]. 

Furthermore, the recognition of a semi-instrumentalist understanding of behavior contributes to existing 

theoretical frameworks, providing educators with deeper insights into how students with special needs 

process mathematical information. These findings suggest that teachers and curriculum developers should 

incorporate digital learning tools to enhance accessibility and engagement in mathematics education [68]. 

Additionally, teacher training programs should integrate strategies for utilizing multimedia resources, as 

research has demonstrated that technology-enhanced learning environments can significantly improve 

academic performance and motivation among students with special needs[69]. While challenges remain 
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in generalizing these results, the study reinforces the importance of interactive digital tools in fostering 

mathematical understanding and adapting teaching strategies to accommodate diverse learning abilities. 

 

CONCLUSIONS 

Students with three disabilities, which are deafness, intellectual disorder, and autism, demonstrated an 

increase in their ability to understand mathematical concepts, with the exception of one student with 

autism who was unable to complete the test or engage in the learning process due to an unstable mental 

state. The behavior of the three students from the three schools exhibited positive changes; although there 

was no alteration in the behavioral category associated with each disability, there was a notable increase 

in their understanding of the concepts presented. In the case of autistic students, behavior cannot be 

adequately defined using the behavioral rubric established by previous researchers. Therefore, in this 

study, we propose a new category of behavior termed "semi-instrumentalist." 

One limitation of this study is the difficulty in generalizing the findings due to the small sample size and 

the diversity of special needs conditions among participants. Since only two students from each category 

were included, the results may not fully represent the broader population of students with special needs. 

Additionally, while the study identifies improvements in conceptual understanding, the lack of significant 

changes in behavioral categories suggests that other factors, such as prior learning experiences or external 

support, may influence students' engagement. The study also relies on a descriptive analysis approach, 

which, while valuable for understanding individual behavioral patterns, limits the ability to establish 

causal relationships between the use of interactive e-comics and students' learning outcomes. 

Furthermore, the study does not account for the long-term retention of mathematical concepts, raising 

questions about the sustainability of the observed improvements. Future research should consider larger, 

more diverse samples and employ longitudinal studies to assess the lasting impact of interactive e-comics 

on the learning and problem-solving behaviors of students with special needs[70], [71], [72], [73], [74]. 

Financing 

The authors would like to thank the LPPM of Universitas Negeri Padang for providing research funding 

through contract number 1674/UN35.15/LT/2024. 

Conflict Of Interest 

The author declares that there is no conflict of interest. 

 
REFERENCES 

[1] P. Iannone and A. D. Cockburn, “‘If you can count to ten you can count to infinity really’: Fostering conceptual 

mathematical thinking in the first year of primary school,” Research in Mathematics Education, vol. 10, no. 1, pp. 37–51, Mar. 

2008, doi: 10.1080/14794800801915897. 

[2] N. Naidoo, “What is research? A conceptual understanding,” African Journal of Emergency Medicine, vol. 1, no. 1, 

pp. 47–48, Mar. 2011, doi: 10.1016/j.afjem.2011.05.011. 

[3] J. C. Andamon and D. A. Tan, “Conceptual Understanding, Attitude And Performance In Mathematics Of Grade 7 

Students,” INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH, vol. 7, no. 8, 2018, [Online]. 

Available: www.ijstr.org 

[4] Muhammad Khalil, Zahoor-ul-Haq, “Concept Process with Mathematical Thinking Tools under the Domain of Piaget’s 

Theory of Cognitive Development,” JCTE, vol. 3, 2023, doi: 10.58444/jcte.v3i.225. 

[5] P. Weruwanaruk, I. Kanjung, W. Sarakorn, and N. Moeikao, “The Designing Framework for Flipped Learning 

Environment on Metaverse to Enhance Mathematical Conceptual Understanding for Seven Grade Students,” IIAI Letters on 

Institutional Research, vol. 3, 2023, doi: 10.52731/lir.v003.141. 

[6] dkk Adnan, “Relationship Between Mathematics Beliefs, Conceptual Knowledge and Mathemtical Experience among 

Pre - Service Teacher,” Procedia Social and Behavioral Science, 2012. 

[7] T. G. Bartell, C. Webel, B. Bowen, and N. Dyson, “Prospective teacher learning: Recognizing evidence of conceptual 

understanding,” Journal of Mathematics Teacher Education, vol. 16, no. 1, pp. 57–79, Feb. 2013, doi: 10.1007/s10857-012- 

9205-4. 

[8] J. et, al Engelbrech, “Undergraduate students’ preference for procedural to conceptual solutions to mathematical 

problems,” Int J Math Educ Sci Technol, vol. 40, no. 7, pp. 927–940, 2009. 

[9] I. Nyoman, B. Pramartha, G. P. Suharta, G. P. Sudiarta, I. Wayan, and P. Astawa, “Mathematical Communication and 

Conceptual Understanding Student’s Ability in Math by the Approach of GeoGebra Substitution Eliciting Activities (MEAs),” 

Italienisch, vol. 13, no. 1, 2023. 

[10] R. I. I. Putri et al., “Designing a healthy menu project for indonesian junior high school students,” Journal on 

Mathematics Education, vol. 12, no. 1, pp. 133–146, 2021, doi: 10.22342/jme.12.1.13239.133-146. 

[11] T. Scheiner, N. Buchholtz, and G. Kaiser, “Mathematical knowledge for teaching and mathematics didactic knowledge: 

a comparative study,” Journal of Mathematics Teacher Education, 2023, doi: 10.1007/s10857-023-09598-z. 

[12] F. Maghfiroh and D. Dasari, “Students’ mathematical critical thinking through the conceptual change approach,” 

Jurnal Riset Pendidikan Matematika, vol. 10, no. 2, 2023, doi: 10.21831/jrpm.v10i2.62812. 

http://www.ijstr.org/


International Journal of Environmental Sciences 

ISSN: 2229-7359 

Vol. 11 No. 5, 2025 

https://theaspd.com/index.php 

2457 

 

 

[13] B. Tanujaya and J. Mumu, “Students’ misconception of HOTS problems in teaching and learning of mathematics,” in 

Journal of Physics: Conference Series, IOP Publishing Ltd, Oct. 2020. doi: 10.1088/1742-6596/1657/1/012081. 

[14] M. S. Stohlmann, “Categorization of game-based learning in middle school mathematics - A review,” Middle School 

Journal, vol. 54, no. 5, 2023, doi: 10.1080/00940771.2023.2254175. 

[15] R. Östergren, U. Träff, J. Elofsson, H. Hesser, and J. Samuelsson, “Memorization versus conceptual practice with 

number combinations: their effects on second graders with different types of mathematical learning difficulties,” Scandinavian 

Journal of Educational Research, 2023, doi: 10.1080/00313831.2023.2211983. 

[16] M. Sujarwo and S. Bayu Kurniawan, “Analysis on Mathematics Learning Misconceptions of the Second-Grade 

Students of Elementary School in Addition and Subtraction Integer Topics,” 2020. 

[17] G. S. Sidik, D. Suryadi, and T. Turmudi, “Learning Obstacle on Addition and Subtraction of Primary School Students: 

Analysis of Algebraic Thinking,” Educ Res Int, vol. 2021, 2021, doi: 10.1155/2021/5935179. 

[18] Robinson. dkk, “Children’s understanding of addition and subtraction concepts,” J Exp Child Psychol, vol. 103, pp. 

532–545, 2008. 

[19] M. De Benedetto, “Lakatosian and Euclidean populations: a pluralist approach to conceptual change in mathematics,” 

Eur J Philos Sci, vol. 13, no. 3, 2023, doi: 10.1007/s13194-023-00543-8. 

[20] A. Kajander and M. Lovric, “Mathematics textbooks and their potential role in supporting misconceptions,” Int J Math 

Educ Sci Technol, vol. 40, no. 2, pp. 173–181, Jan. 2009, doi: 10.1080/00207390701691558. 

[21] S. Sergis, P. Vlachopoulos, D. G. Sampson, and L. Pelliccione, “Handbook on Digital Learning for K-12 Schools,” 

Handbook on Digital Learning for K-12 Schools, pp. 191–215, 2017, doi: 10.1007/978-3-319-33808-8. 

[22] Laswadi, R. Handican, and E. Y. P. Nasution, “Instructional Edutainment Media ‘Number Game’ Based on Mobile 

Technology to Improve Mathematical Conceptual Understanding,” Jurnal Edutech Undiksha, vol. 11, no. 1, 2023. 

[23] M. Peltenburg, “Special education students’ use of indirect addition in solving subtraction problems up to 100 - A 

proof of the didactical potential of an ignored proced,” Educ Stud Mat, vol. 79, pp. 351–369, 2012. 

[24] dkk Ediyanto, “Mathematics learning for students with special needs,” Pegem journal of Education and Instruction, 

vol. 13, no. 4, pp. 93–99, Aug. 2023, doi: 10.47750/pegegog.13.04.11. 

[25] M. Peltenburg, “Special education students’ use of indirect addition in solving subtraction problems up to 100—A 

proof of the didactical potential of an ignored procedure,” Educ Stud Math, pp. 352–369, 2012. 

[26] S. Korchevoi, “A prospect of developing epistemology of moral intuitions by analogy with mathematical knowledge,” 

International Journal of Arts and Humanities, vol. 4, no. 1, 2023, doi: 10.25082/ijah.2023.01.001. 

[27] M. Peltenburg, M. van den Heuvel-Panhuizen, and A. Robitzsch, “Special education students’ use of indirect addition 

in solving subtraction problems up to 100-A proof of the didactical potential of an ignored procedure,” Educational Studies 

in Mathematics, vol. 79, no. 3, 2012, doi: 10.1007/s10649-011-9351-0. 

[28] M. R. A. Taqwa, A. Suyudi, F. Sulman, and R. Faizah, “Kinematics Students’ Conceptual Understanding in 

Mathematical and Visual Representations: Is It Different?,” in AIP Conference Proceedings, 2023. doi: 10.1063/5.0112656. 

[29] R. Vigo, C. A. Doan, J. Wimsatt, and C. B. Ross, “A Context-Sensitive Alternative to Hick’s Law of Choice Reaction 

Times: A Mathematical and Computational Unification of Conceptual Complexity and Choice Behavior,” Mathematics, vol. 

11, no. 11, 2023, doi: 10.3390/math11112422. 

[30] C. P. Dai, F. Ke, Y. Pan, and Y. Liu, “Exploring students’ learning support use in digital game-based math learning: A 

mixed-methods approach using machine learning and multi-cases study,” Comput Educ, vol. 194, 2023, doi: 

10.1016/j.compedu.2022.104698. 

[31] A. Mukuka, S. Balimuttajjo, and V. Mutarutinya, “Teacher efforts towards the development of students’ mathematical 

reasoning skills,” Heliyon, vol. 9, no. 4, 2023, doi: 10.1016/j.heliyon.2023.e14789. 

[32] E. Akcali, S. G. Belay, E. Colón, and J. Williams, “Poetry writing to enhance conceptual understanding of mathematical 

models and approaches for inventory management,” in ASEE Annual Conference and Exposition, Conference Proceedings, 

2023. doi: 10.18260/1-2--43986. 

[33] Danuri, S. B. Waluya, Sugiman, and Y. L. Sukestiyarno, “Numerical Literacy and Math Self-Concept of Children with 

Special Needs in Inclusive Elementary Schools,” International Journal of Instruction, vol. 16, no. 3, 2023, doi: 

10.29333/iji.2023.16358a. 

[34] T. Gonçalves and M. Lemos, “Personal and Social Factors Influencing Students’ Attitudes Towards Peers with Special 

Needs,” Procedia Soc Behav Sci, vol. 112, pp. 949–955, Feb. 2014, doi: 10.1016/j.sbspro.2014.01.1253. 

[35] E. Dǎˇnescu and D. Iordǎˇchescu, “The scholar integration of students with special needs - A regional approach,” in 

Procedia - Social and Behavioral Sciences, 2012, pp. 588–592. doi: 10.1016/j.sbspro.2012.01.189. 

[36] Á. Fernández-López, M. J. Rodríguez-Fórtiz, M. L. Rodríguez-Almendros, and M. J. Martínez-Segura, “Mobile learning 

technology based on iOS devices to support students with special education needs,” Comput Educ, vol. 61, no. 1, pp. 77–90, 

Feb. 2013, doi: 10.1016/j.compedu.2012.09.014. 

[37] G. Peters, B. De Smedt, J. Torbeyns, L. Verschaffel, and P. Ghesquière, “Subtraction by addition in children with 

mathematical learning disabilities,” Learn Instr, vol. 30, 2014, doi: 10.1016/j.learninstruc.2013.11.001. 

[38] I. Polo-Blanco and E. M. González López, “Teaching addition strategies to students with learning difficulties,” Autism 

Dev Lang Impair, vol. 6, Jan. 2021, doi: 10.1177/23969415211045324. 

[39] K. Tiengyoo, S. Sotaro, and S. Thaithae, “A study of mathematical understanding levels in set theory based on the 

APOS framework by using python programming language for secondary school students,” Eurasia Journal of Mathematics, 

Science and Technology Education, vol. 20, no. 2, p. em2400, Feb. 2024, doi: 10.29333/ejmste/14158. 

[40] M. Gardesten, “How Co-Teaching May Contribute to Inclusion in Mathematics Education: A Systematic Literature 

Review,” 2023. doi: 10.3390/educsci13070677. 

[41] Y. Harisman, F. Dwina, M. L. Nasution, M. H. Amiruddin, and H. Syaputra, “THE DEVELOPMENT OF PROTON- 

ELECTRON MATH E-COMIC TO IMPROVE SPECIAL NEEDS STUDENTS’ MATHEMATICAL CONCEPTS 

UNDERSTANDING,” Infinity Journal, vol. 12, no. 2, 2023, doi: 10.22460/infinity.v12i2.p359-376. 



International Journal of Environmental Sciences 

ISSN: 2229-7359 

Vol. 11 No. 5, 2025 

https://theaspd.com/index.php 

2458 

 

 

[42] Y. Harisman, F. Dwina, S. Suherman, H. Syaputra, and M. Hasril Amiruddin, “Mathematical Literacy Behavior of 

Junior High School Students in Indonesia,” Elsavier, 2024, [Online]. Available: https://ssrn.com/abstract=4672086 

[43] G. Marsico, M. Mollo, G. Albano, and A. Pierri, “Digital storytelling and mathematical thinking: An educational 

psychology embrace,” International Journal of Innovation in Science and Mathematics Education, vol. 27, no. 6, 2019, doi: 

10.30722/ijisme.27.06.004. 

[44] H. L. Swanson and O. Jerman, “Math Disabilities: A Selective Meta-Analysis of the Literature,” Rev Educ Res, vol. 76, 

no. 2, pp. 249–274, Jun. 2006, doi: 10.3102/00346543076002249. 

[45] S. W. M. Toll, S. H. G. Van der Ven, E. H. Kroesbergen, and J. E. H. Van Luit, “Executive Functions as Predictors of 

Math Learning Disabilities,” J Learn Disabil, vol. 44, no. 6, pp. 521–532, Nov. 2011, doi: 10.1177/0022219410387302. 

[46] T. Aro, A. B. Özbek, and M. Torppa, “Predicting adult-age mental health with childhood reading and math disability: 

do resilience and coping styles matter?,” Ann Dyslexia, vol. 74, no. 1, pp. 97–122, Apr. 2024, doi: 10.1007/s11881-023-00290- 

8. 

[47] I. Gunawan, D. Darhim, and K. Kusnandi, “Exploration of the behavior of understanding mathematical concepts of 

junior high school students,” in Journal of Physics: Conference Series, Institute of Physics Publishing, Mar. 2019. doi: 

10.1088/1742-6596/1157/4/042098. 

[48] K. King, L. Shumow, and S. Lietz, “Science education in an urban elementary school: Case studies of teacher beliefs 

and classroom practices,” Sci Educ, vol. 85, no. 2, pp. 89–110, Mar. 2001, doi: 10.1002/1098-237X(200103)85:2<89::AID- 

SCE10>3.0.CO;2-H. 

[49] I. Kusmaryono and W. Kusumaningsih, “Evaluating the Results of PISA Assessment: Are There Gaps Between the 

Teaching of Mathematical Literacy at Schools and in PISA Assessment?,” European Journal of Educational Research, vol. 

volume-12-2023, no. volume-12-issue-3-july-2023, pp. 1479–1493, Jul. 2023, doi: 10.12973/eu-jer.12.3.1479. 

[50] Y. Rosen, K. Stoeffler, and V. Simmering, “Imagine: Design for Creative Thinking, Learning, and Assessment in 

Schools,” J Intell, vol. 8, no. 2, p. 16, Apr. 2020, doi: 10.3390/jintelligence8020016. 

[51] Patton, Module 59: Question Options and Skilled Question Formulation. In Qualitative Research and Evaluation 

Methods, 2015. 

[52] Creswell, Qualitative inquiry and research design : choosing among five approaches, 3rd edition. In Экономика 
Региона, 2017. 

[53] J. A. Maxwell, Design A Qualitative Study. In The SAGE Handbook of Applied Social Research Methods (Issue 

December), 2009. 

[54] L. Lovin, M. Kyger, and D. Allsopp, “Differentiation for Special Needs Learners,” Teach Child Math, vol. 11, no. 3, 

2020, doi: 10.5951/tcm.11.3.0158. 

[55] C. Bagley, P. A. Woods, and G. Woods, “Implementation of School Choice Policy: Interpretation and response by 

parents of students with special educational needs,” Br Educ Res J, vol. 27, no. 3, pp. 287–311, Jun. 2001, doi: 

10.1080/01411920120048313. 

[56] Y. Harisman, Y. S. Kusumah, and K. Kusnandi, “Beliefs of junior high school teachers on learning process on 

mathematical problem solving,” in Journal of Physics: Conference Series, 2019. doi: 10.1088/1742-6596/1157/3/032112. 

[57] M. Asenova, A. Del Zozzo, and G. Santi, “Unfolding Teachers’ Interpretative Knowledge into Semiotic Interpretative 

Knowledge to Understand and Improve Mathematical Learning in an Inclusive Perspective,” Educ Sci (Basel), vol. 13, no. 1, 

2023, doi: 10.3390/educsci13010065. 

[58] A. Berry and J. H. van Driel, “Teaching About Teaching Science: Aims, Strategies, and Backgrounds of Science Teacher 

Educators,” J Teach Educ, vol. 64, no. 2, 2013, doi: 10.1177/0022487112466266. 

[59] Y. Harisman and K. Khairani, “Perilaku Pemecahan Masalah Mahasiswa pada Perkuliahan Kalkulus Secara Daring,” 

JNPM (Jurnal Nasional Pendidikan Matematika), vol. 5, no. 2, p. 277, 2021, doi: 10.33603/jnpm.v5i2.5423. 

[60] Y. Harisman, Y. S. Kusumah, and K. Kusnandi, “Teachers’ reflections on students’ mathematical problem solving in 

junior high school,” in Journal of Physics: Conference Series, 2018. doi: 10.1088/1742-6596/1088/1/012011. 

[61] Y. Harisman, M. S. Noto, M. H. Amiruddin, H. Syaputra, S. Suherman, and S. Setiyani, “Mathematics Teacher’S 

Professionalism in Technology and the Relationship To Their Teaching,” AKSIOMA: Jurnal Program Studi Pendidikan 

Matematika, vol. 11, no. 4, p. 3188, 2022, doi: 10.24127/ajpm.v11i4.5902. 

[62] Y. Harisman, Y. S. Kusumah, and K. Kusnandi, “The attitude of senior high school teachers on mathematical problem 

solving,” in Journal of Physics: Conference Series, 2019. doi: 10.1088/1742-6596/1318/1/012087. 

[63] O. Odena and G. F. Welch, “The influence of teachers’ backgrounds on their perceptions of musical creativity: A 

qualitative study with secondary school music teachers,” Research Studies in Music Education, vol. 28, no. 1, 2007, doi: 

10.1177/1321103X070280010206. 

[64] Y. Harisman, F. Dwina, M. L. Nasution, H. Hafizatunnisa, P. Sumarni, and H. Syaputra, “Profesionalisme (Belief dan 

Attitude) Guru Matematika Sekolah Menengah Atas Terhadap Technology Dalam Pembuatan E-comic Matematika,” Euclid, 

vol. 10, no. 4, pp. 566–574, 2023. 

[65] Hafizatunnisa, Y. Harisman, Armiati, and M. H. Amiruddin, “Analysis of Problem-Solving Behavior of Senior High 

School Students,” Jurnal Pendidikan Matematika, vol. 18, no. 2, pp. 181–198, 2024, doi: 10.22342/jpm.v18i2.pp181-198. 

[66] A. Cornett, J. Paulick, and S. van Hover, “Utilizing home visiting to support differentiated instruction in an elementary 

classroom,” Sch Comm J, vol. 30, no. 1, 2020. 

[67] P. Westwood, “Teaching Methods: Differentiated instruction,” Teacher, 2016. 

[68] E. C. Bouck, R. Satsangi, and J. Park, “The Concrete–Representational–Abstract Approach for Students With 

Learning Disabilities: An Evidence-Based Practice Synthesis,” Remedial and Special Education, vol. 39, no. 4, 2018, doi: 

10.1177/0741932517721712. 

[69] R. Pellerin and N. Perrier, “A review of methods, techniques and tools for project planning and control,” 2019. doi: 

10.1080/00207543.2018.1524168. 

[70] Dewanti, “35. The Influence of the Problem-Based Learning Model on Students’ Ability to Understand Mathematical 

Concepts,” Rangkiang Mathematics Journal, 2024. 



International Journal of Environmental Sciences 

ISSN: 2229-7359 

Vol. 11 No. 5, 2025 

https://theaspd.com/index.php 

2459 

 

 

[71] M. Innah, “30. Multiplication Wheel Learning Media Design in Mathematics Learning Material for Multiplication of 

Numbers in Elementary Schools,” Rangkiang Mathe Journal, 2024. 

[72] A. Hafiz et al., “Analysis of Students’ Ability to Understand Mathematical Concepts in The Material Relations and 

Functions,” Rangkiang Mathematics Journal, vol. 2, no. 2, p. 2023, 2023. 

[73] M. S. Noto, M. Hasril Amiruddin, S. Maemunah, M. T. Bakar, and P. Sumarni, “Students’ Mathematical Logical 

Thinking in Terms of Learning Style,” Rangkiang Mathematics Journal, vol. 2, no. 1, p. 2023, 2023. 

[74] M. Rezki, R. Rifandi, F. Tasman, V. Yokri, F. Soekarno, and J. Raden Fatah Kelurahan Pagar Dewa Kecamatan Selebar 

Kota Bengkulu, “Description of Grade VII Students’ Concept Understanding on Set Topic,” Rangkiang Mathematics Journal, 

vol. 1, no. 2, p. 2022, 2022. 


