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Abstract  

Although many studies have involved fractions in the elementary school curriculum, research 

on this topic at the junior high school level has been limited, particularly in identifying the 

factors causing student learning difficulties and designing alternative didactic approaches to 

overcome these challenges. Therefore, this study aimed to investigate these aspects. 

Hermeneutic phenomenology was used in this study. The participants in this research were 

students from a junior high school in Lombok, Indonesia, consisting of 29 eighth-grade students 

(aged 14-18), most of whom were female and from the Sasak ethnic group. Instrument, such as 

fraction operation tests, in-depth interview guidelines, and a hybrid didactic design for 

mathematics learning. Data related to learning difficulties were analyzed using a thematic 

analysis approach with NVivo-12 software. The study's findings revealed that students' low 

ability to operate integers, especially multiplication and division, was a primary factor in 

learning difficulty. The hybrid mathematics learning design sequence consists of three stages. 

The first stage encompasses several activities, namely Let’s Guess and Let’s Read. The second 

stage involved activities like Let’s Search, Let’s Discuss, and Let’s Conclude. The third stage 

comprised activities of Let’s Practice and Self-Reflection.  
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Introduction  

Mathematics plays a crucial role in everyday life (Maass et al., 2019; Man-Keung, 2022; Yolcu 

et al., 2019) and across various disciplines (Chorlay et al., 2022; Hoffmann et al., 2023; 

Sandefur et al., 2022). Ideally, students should have a strong understanding of mathematical 

concepts (Chorlay et al., 2022; Koskinen et al., 2022). Nomerous studies on conceptual and 

procedural knowledge dealing with fractions have been undertaken fractions multiplication 

specifically (Hallet et.al., 2010, 2012; Purnomo et.al., 2017). 

However, some previous research indicates that there are issues or obstacles in 

mathematics learning experienced by students (Elia et al., 2016; Lin et al., 2017), particularly 

concerning fractions (Isnawan et al., 2022; Zhang et al., 2014). Research conducted by Copur-

Gencturk (2021) surveyed schools across the United States to assess teachers' understanding of 

fraction arithmetic. The results of this study showed that teachers' understanding of fraction 

arithmetic is still limited, and teachers with more teaching experience tend to have deeper 

understanding. Diputra et al. (2022) conducted a study on elementary school teachers' 

knowledge of fraction concepts using a qualitative approach based on a case study in Bali, 

Indonesia. The results of this study concluded that elementary school teachers have limitations 

in understanding fractions, particularly in regard to the concept of fractions as parts of a whole. 

Purnomo et al. (2022) used a qualitative approach based on tests and in-depth interviews to 

assess students' knowledge and difficulties in fraction multiplication at an elementary school in 

Jakarta, Indonesia. This study found that students' knowledge of fractions is limited, and 

students struggle to comprehend contextual problems. Although many studies have examined 

understanding of fractions at the elementary school level (Mohamed et al., 2021; Zuhri et al., 

2023), few have been conducted at the junior high school level, especially using the 

hermeneutic phenomenology approach in hybrid mathematics learning. 

In contrast to previous research, the aim of this study is to analyze the factors causing 

students' learning obstacles in dissimilar fraction addition learning and to design a didactic 

solution to reduce these obstacles. The design used in this study is hermeneutic phenomenology, 

which enables the analysis of factors causing learning obstacles and the design of a hybrid 

mathematics learning didactic design (Keshavarz, 2020; Suryadi, 2019b, 2019a). Several 

research questions will be addressed in achieving this objective: (1) What is the overview of 

factors causing students' learning obstacles in dissimilar fraction addition learning? (2) What is 

the overview of the didactic design for hybrid mathematics learning for dissimilar fraction 

addition? 

Methods  

This research design was qualitative design with phenomenological approach. The participant 

students in this study consisted of 29 female students from a junior high school who had studied 

fractions, with an age range between 14 and 18 years, originating from the Sasak ethnic group, 

and having parents who worked as entrepreneurs. There were 29 students who took the fraction 

test and three students from different categories (low, medium and high) who took part in 
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interview. Three categories of mathematical ability based on fraction test score, namaely low 

(score test < 60), medium (score test 60 – 79), high (score test 80).  In addition to involving 

student participants, this research also included a mathematics teacher as a participant, aged 26 

with approximately five years of teaching experience. The research was conducted in one of the 

junior high schools in West Lombok Regency, Indonesia. This school was chosen as the 

research location because it was one of the leading junior high schools in the district, but faced 

challenges in teaching fraction material. 

In this study, the researcher acted as the primary instrument, following a qualitative 

approach as described by Creswell and Creswell (2018). Several additional instruments were 

also used in this research. These included dissimilar fraction addition tests, guidelines for in-

depth interviews, and a hybrid mathematics learning design for dissimilar fractions. Dissimilar 

fraction addition tests and in-depth interview guidelines (Brown et al., 2017; Husband, 2020) 

were applied as tools to collect data related to student learning obstacles. Meanwhile, the hybrid 

didactic design was used to minimize student learning obstacles, enhance motivation, and 

optimize students’ mathematical abilities (Prihandhika et al., 2022; Ramadhani et al., 2022; 

Siagian et al., 2022). 

As part of the reliability confirmation in this research, seven experts in the fields of 

mathematics, mathematics education, and psychology conducted content validity tests on the 

hybrid didactic design in mathematics learning. The content validity ratio (CVR) test was 

conducted to confirm its validity (Lawshe, 1975). The analysis of the results showed that the 

CVR value for the hybrid didactic design in mathematics learning was 1. From this, it can be 

concluded that this design has essential significance in dissimilar fraction addition learning. 

This research adopted a qualitative approach (Creswell, 2012; Creswell et al., 2018), 

using a hermeneutic phenomenology research design (Dangal et al., 2020; Isnawan et al., 2023).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flow chart hermeneutikc phenomenology 
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The use of hermeneutic phenomenology in this research was based on two fundamental 

reasons. First, the design aimed to investigate how learning design influenced students’ thinking 

patterns. In the context of this research, the researcher aimed to explore the impact of dissimilar 

fraction addition learning previously implemented by teachers, considering factors contributing 

to students’ learning difficulties. Second, the design proposed alternative learning design. On 

the other hand, this research aimed to investigate the didactic design in dissimilar fraction 

addition learning as an alternative solution to reduce students’ learning obstacles (Suryadi, 

2019b, 2019a). 

The steps in this research followed the sequence in hermeneutic phenomenology research  

(Dangal et al., 2020; Isnawan et al., 2022; Laverty, 2003; Stolz, 2013). The first stage was the 

pre-learning analysis (prospective), where the researcher analyzed the factors hindering 

dissimilar fraction addition learning for students. The next stage was the researcher designing 

the hybrid didactic design for mathematics learning. Data on student learning obstacles were 

analyzed using a thematic analysis method with the assistance of NVivo-12 software 

(Alhojailan et al., 2012; Dalkin et al., 2020). The thematic analysis approach was chosen for its 

systematic nature, producing themes that effectively represented the data (Alhojailan et al., 

2012; Finkelstein et al., 2019; Nowell et al., 2017). The use of NVivo-12 was chosen for its 

user-friendliness, ability to handle various types of data, and support in the coding process  

(Paulus et al., 2015). The steps in thematic analysis involved several stages, from becoming 

familiar with the data to naming emerging themes (Benavides-lahnstein et al., 2019; Pigden et 

al., 2019). 

In terms of research ethics, three main principles were applied. First, the principle of 

informed consent, where consent was obtained from students prior to data collection, especially 

during interviews. Second, the principle of anonymity, where students’ identities were protected 

using codes in data reporting. Third, the principle of confidentiality, where research findings 

were used only for research purposes and the enhancement of mathematics learning. The 

validity of the findings in this research was reinforced through method and data source 

triangulation, regular discussions with fellow researchers, in-depth analysis, and regular data 

storage in NVivo-12 (Esposito, 2012; Esposito & Moroney, 2020; Heale & Forbes, 2013; 

Husband, 2020). 

Results  

What is the overview of factors causing students’ learning obstacles in dissimilar fraction 

addition learning? 

After analyzing the content of the data from the mathematics comprehension test and in-depth 

interviews, information about several emerging themes was discovered, such as T_a (students’ 

inability to execute procedures), T_b (lack of students’ mastery of prerequisite material), and 

T_c (students’ ability to present accurate procedures). One of the most prominent themes in this 

study was students’ difficulty in executing dissimilar fraction addition procedures. When 

performing dissimilar fraction addition, the majority of students tended to combine numerators 
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with numerators or denominators with denominators (Figure 2). As an addition, Figure 2 also 

showed that the student was less careful. If the intention of the students was to add the 

denominators, the correct number should have been 6, not 18. 

 
Figure 2: Excerpt of student’s response 

 

In relation to T_b, there were at least two types of initial codes that emerged: students 

encountered difficulties in performing integer multiplication or division operations correctly, 

and students faced challenges in reducing fractions to their simplest form. The results from the 

in-depth interviews confirmed these initial findings. Quotations from the interview dialogue 

between the researcher and the students can be found in Table 1. 

Table 1. Excerpt of interview results 

Researcher’s question Student’s answer 

If simplified, what does 18 per 12 become? S1: Maybe 0 per 12, sir. 

When simplified, what is 3 per 1? S2: That’s the simplest form, sir. 

When 16 per 16 is simplified, what is it? S3: 16 per 16, I can’t continue, 

 

Based on this research, it could be stated that the underlying factors for students’ learning 

difficulties in adding different fractions were the students’ lack of understanding towards the 

prerequisite concept. The prerequisite concept referred to here was the students’ ability in 

performing multiplication and division operations on integers. 

What is the overview of the didactic design for hybrid mathematics learning for dissimilar 

fraction addition? 

As previously outlined, students encountered learning obstacles due to their low mastery of 

fundamental concepts, particularly in multiplication and division operations with integers. 

Therefore, in this research, a hybrid mathematics learning approach was designed with the aim 

of helping students overcome barriers related to these prerequisites. In the context of this study, 

these prerequisites were conceptualized within a conceptual framework necessary to 

comprehend the learning of adding dissimilar fractions. One of the aspects involved the 

introduction and application of the least common multiple (LCM) concept (to reinforce 

understanding of multiplication operations) and the greatest common divisor (GCD) concept 

(to strengthen comprehension of division operations). Figures 3 and Figures 4 provided 

illustrations of how this prerequisite material was reinforced through the proposed learning 

approach. 
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Figure 3: Example of strengthening prerequisite material 1 in didactic design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Example of strengthening prerequisite material in didactic design 
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Further, design of hybrid mathematics learning encompassed a series of comprehensive 

steps in the implementation of the teaching and learning process. Therefore, the structure of this 

design was established from the initial stage (preparation) to the final stage (evaluation) in 

mathematics instruction. The sequence of hybrid mathematics learning design consisted of 

three stages. The first stage encompassed several activities, namely Let’s Guess and Let’s Read. 

The second stage involved activities like Let’s Search, Let’s Discuss, and Let’s Conclude. The 

third stage comprised activities of Let’s Practice and Self-Reflection. In an effort to support 

students’ understanding of the operations of adding different fractions, the instructional design 

also incorporated various illustrative models, such as the number line, area model, and set of 

objects. Overall, the hybrid mathematics learning design generated in this study for dissimilar 

fraction addition material can be accessed through the following link: https://l1nk.dev/7Pj90 . 

Discussion  

When linked to relevant theories on types of learning obstacles (Brousseau, 2002; Prabowo et 

al., 2022; Suryadi, 2019b), it was concluded that students encountered ontogenic obstacles 

characterized by conceptual characteristics. The findings from this study were consistent with 

several previous theories and research (Lestiana et al., 2016; Makhubele, 2021; Makonye & 

Khanyile, 2015) that demonstrated how students’ limited understanding of integer operations 

negatively impacted their ability to manipulate dissimilar fractions. 

Furthermore, there was an interesting topic worth discussing in this context. That topic 

concerned students’ tendency to add numerators with numerators or denominators with 

denominators. This tendency was quite common, especially when dealing with different 

fraction additions. The findings from this study aligned with several prior research works 

(Alkhateeb, 2019; Dhlamini & Kibirige, 2014; Namkung & Fuchs, 2019; Trivena et al., 2017), 

which indicated that one of the common answer variations given by students when adding 

dissimilar fractions was to add numerators with numerators and denominators with 

denominators. 

As previously described, the students encountered issues concerning their lower 

proficiency in prerequisites, especially in the ability to perform multiplication and division 

operations with integers. One of the solutions offered in the hybrid didactic design was to 

reinforce the prerequisites by facilitating the students in finding the LCM and GCD of several 

integers. Through the activity of searching for the LCM, the students’ ability to perform 

multiplication operations improved compared to before. The same applied to the search for the 

GCD. By having the students find the GCD, they became more skilled in performing division 

operations with integers. 

Since the instructional design cannot be solely focused on the prerequisites, this research 

developed a didactic design for hybrid mathematics learning in the form of a comprehensive 

lesson. The didactic design of hybrid mathematics learning in this study was divided into three 

stages: Activity 1 (preparation), Activity 2 (instruction), and Activity 3 (evaluation). These three 

stages were integrated into the didactic design based on previous theories and research that had 

https://l1nk.dev/7Pj90
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revealed how school mathematics learning could be divided into three phases: preparation, 

instruction, and evaluation (Aylward, 2012; The Learning Centres, 2013). 

The didactic design of hybrid mathematics learning was further developed based on the 

didactic situation, which included action-formulation, validation, and institutionalization 

(Brousseau, 2002; Prabowo et al., 2022; Suryadi, 2019b). The action-formulation situation was 

manifested in the Let’s Search activity. The validation situation was reflected in the Let’s 

Discuss and Let’s Conclude activities. Meanwhile, the institutionalization situation was realized 

through the Let’s Practice activity. The didactic situation approach was chosen because it 

aligned with the philosophical stages of knowledge acquisition (Isnawan, Alsulami, et al., 2023; 

Suryadi, 2019b, 2019a). 

The Let’s Guess activity in the didactic design of hybrid mathematics learning aimed to 

ensure that students understood the necessary prerequisites. These prerequisites were 

emphasized as they were the cause of students’ learning obstacles and served as the foundation 

for understanding the upcoming material (Deeken et al., 2020; Makhubele, 2021). Essentially, 

this activity was expected to train students' abilities in performing multiplication and division 

operations with integers. It was hoped that the presence of this activity could minimize the 

learning obstacles experienced by students. Let’s Read presented a story related to the 

importance of fractions from their discovery to the present day. This activity aimed to enhance 

students’ interest and motivation to learn, in line with theories emphasizing the relevance of 

mathematics in everyday life (Abramovich et al., 2019; Arthur et al., 2022), which could 

increase students’ interest and motivation. 

The next step was Let’s Search, which presented problems that students had to solve to 

help them understand the operations of adding different fractions. This approach aligned with 

the “world of math” theory that utilized everyday problems to develop mathematical 

understanding (Hartmann et al., 2021; Tall, 2004, 2008; Tall & Vinner, 1981). Let’s Discuss 

aimed to encourage students or groups of students to share their answers and receive feedback 

from others. This discussion was expected to help students understand and formulate formulas 

for adding different fractions. This approach was based on social constructivism theory and 

previous research indicating that group discussions could help students understand 

mathematical concepts (Ahmad, 2021; Jaworski & Huang, 2014; Sjöblom et al., 2022). 

Let’s Conclude involved students in formulating a general formula for adding different 

fractions. This approach was based on learning theories emphasizing that students could build 

concepts or procedures through problem-solving (Jaworski & Huang, 2014; X. Yang et al., 

2020). Let’s Practice aimed to ensure that students could apply the concepts or procedures they 

had learned in different contexts (Marfuah et al., 2022; Suryadi, 2019b). This activity 

consolidated students’ understanding of the addition of fractions. This approach aligned with 

previous theories and research showing that practice could strengthen students’ understanding 

of mathematical concepts. Self-Reflection was a form of self-assessment by students, both of 

the learned concepts and the overall learning process. This approach was based on previous 

theories and research emphasizing the importance of self-assessment in enhancing the quality 

of learning (Ghorbanpour et al., 2021; L. P. Yang & Xin, 2022). 
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Conclusion  

In the sequence of explanations above, it could be concluded that one of the main causes of 

students’ learning obstacles in adding different fractions was ontogenic factors. These factors 

included a low understanding of integer operations. Therefore, a hybrid mathematics learning 

design was designed to guide students in mastering these prerequisites. This engineering 

involved a series of activities, including determining the LCM and GCD as the basis for 

students’ understanding of integer operations. The determination of the LCM was used to 

facilitate students’ prerequisite skills related to multiplication operations with integers, while 

the determination of the GCD was used to help students become accustomed to performing 

division operations with integers. 

As the didactic design of hybrid mathematics learning formed a pattern of instructional 

activities, the design was developed using the theory of didactic situation as the basis for 

determining activities in the learning process. This situation consists of the action-formulation, 

validation, and institutionalization phases. This theory was employed because it was capable of 

facilitating students in epistemically discovering knowledge. The research then recommended 

that the findings be considered as an alternative method for teaching the addition of unlike 

fractions. Furthermore, if possible, future research could explore the impact of implementing 

the hybrid didactic design in mathematics learning on the existence of learning obstacles 

previously experienced by students. 
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