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Abstract Article History
Understanding fractions remains a persistent challenge in Received:
mathematics education, particularly during emergency remote 29-’_”“9 2025
teaching conditions. While previous research has employed various Revised:

. . . . h 13 September 2025
methodologies to investigate fraction comprehension, few have Accepted:
utilized didactical design research (DDR) to systematically address 30 Oct obt-er 2025
multiple learning obstacles during pandemic-induced remote Published Online:
learning. This study contributes to the field by developing and 29 January 2026
validating a hybrid didactic design that integrates face-to-face and
online learning modalities to overcome ontogenic, didactical, and Keywords:
epistemological obstacles in fraction education. Using a multi- Didactical design
stakeholder approach, we engaged 29 eighth-grade students (ages research;

14-18), 27 seventh-grade students (ages 13-15), one mathematics Epistemological
teacher, and 71 parents in a comprehensive DDR framework. The obstacles;

hybrid didactic design achieved content validity with a CVR value of Emergency remote
1.0 from seven expert validators. Through thematic analysis of EZE?;:'?;;

learning obstacles and qualitative retrospective analysis of
implementation data, we identified specific manifestations of each
obstacle type and designed targeted pedagogical interventions. Post-
implementation results demonstrated substantial reduction across
all three obstacle categories. The key contribution of this research
lies in demonstrating how hybrid didactic designs can effectively
address multiple learning obstacles simultaneously through
coordinated instructional strategies that leverage both synchronous
and asynchronous learning environments. Our findings provide
empirical evidence for the effectiveness of DDR methodology in
emergency remote teaching contexts and offer a replicable
framework for mathematics educators facing similar challenges. The
study advances theoretical understanding of learning obstacles while
providing practical solutions for fraction education in hybrid learning
environments.

1. Introduction

Hybrid learning;
Ontogenic obstacles.

Previous studies reveal that fractions are a relatively important basic mathematical concept (Cortina

et al, 2014; Getenet & Callingham, 2021). However, several previous studies, especially those related to the
meaning of fractions, indicate that fractions are a problem for students (Harvey, 2012; Zhang et al., 2014).
Some mathematics teachers do not know the meaning of the fraction itself (Isnawan et al., 2022; 2024).
Several factors influence students’ understanding of fractions, such as the teacher’s knowledge of fractions
(Adu-gyamfi et al., 2019), the learning designs that teachers use in learning (Wahyu et al., 2020), the
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complexity of the fractions themselves (Obersteiner & Tumpek, 2016), and students’ knowledge of integers,
including GCD and LCM values (Sun, 2019). Therefore, it can be concluded that fractions are a fairly
important basic mathematical concept, but they are actually a problem for students which is influenced by
teacher knowledge, learning design, and the complexity of the material.

Several researchers have used various research designs to examine the meaning of fractions in
schools. A phenomenological design has been used by Isnawan et al. (2022) to examine students
perceptions on fractions. The study has revealed that most participants were limited to the meaning of
fractions as ratios and quotients. The limited meaning is due to the limited knowledge of the teacher
regarding the meaning of the fraction itself. A qualitative approach using clinical interviews has been used
Kor et al. (2018) to identify the meaning of fractions in elementary schools. The results of this study have
revealed that students with low and medium early math skills (EMS) do not have sensitivity to fractions. In
contrast, students with high EMS have shown flexibility in interpreting and visualizing the shape of
fractions. Bayaga and Bossé (2018) have used case studies to investigate how well elementary and middle
school students understand fractions. The study concludes that students’ understanding of concepts
(meanings) and fractional operations is something that cannot be separated. Martinez and Blanco (2021)
used a quantitative approach to assigning problem-posing assignments to ascertain the meaning of
fractions in elementary schools, in contrast to earlier research. The research reveals that students tend to
interpret fractions as part of a whole or part of a collection. Cramer et al. (2018) also used a number line
to determine students’ concepts of fractions using a quantitative approach and a quasi-experimental
research type. The research reveals that students can use the number line model to convey ideas related
to the meaning of fractions.

‘Panic-gogy’ is a learning condition caused by COVID-19 (Kamanetz, 2020). Learning, including
mathematics, has shifted from face-to-face to online (Zhou et al., 2020). Mathematics comprises thinking
and understanding (Harel, 2008), formed through mental actions prompted by problems (Suryadi, 2019b,
2019a). In learning, mathematics poses challenges (Gomez-Chacdn, 2017). Due to factors outside of the
student, such as learning, learning obstacles cause difficulties (Suryadi, 2019b). Learning obstacles include
epistemological, didactical, and ontogenic obstacles (Brousseau, 2002). Job and Schneider (2014), Prabowo
et al. (2022), and Siagian et al. (2022), ote encountering epistemological obstacles with limited context in
learning mathematics. Didactical obstacles arise when educators face challenges in knowledge
transposition (Suryadi, 2019b). Ontogenic obstacles occur when students lack interest or motivation
(psychological), struggle to understand learned material (conceptual), or face technical or operational
issues during learning (instrumental) (Isnawan et al., 2022).

One strategy used to minimize learning obstacles is implementing learning based on didactical
situations (Brousseau & Warfield, 2020). In other words, preparing a didactic design is an alternative
solution to overcome these learning obstacles. Didactic design is a learning design that is developed based
on factors that cause students to experience learning obstacles. Didactic situations involve action
formulation, validation, and institutionalization processes (Brousseau, 2002). Action-formulation occurs
when a person solves a problem using a specific strategy (Prabowo et al., 2022). Validation is when
individuals or groups draw conclusions about mathematical concepts obtained based on explanations of
problem-solving strategies (Marfuah et al,, 2022). Institutionalization happens when someone applies
previously learned concepts in different contexts (Suryadi, 2019b).

Furthermore, didactic design takes various forms, including hybrid didactic design. The hybrid
didactic design is a module combining ICT use for problem-solving with manual presentation of work
results (Capinding, 2022; Sopacua et al., 2020). It involves activities organized based on didactic situations,
integrating various forms of ICT, such as Zoom Meetings and learning videos (Prasetya & Mahmudah, 2021;
Santagata et al., 2021; Yerushalmy & Olsher, 2020). This minimizes students’ learning obstacles. The hybrid
didactic design in this research refers to a design usable in online learning and limited face-to-face modes
like home visits. It adopts activities from the epistemic learning pattern: initial activities with learning
objectives, motivation, and exploring prerequisite material; core activities with didactic situations; and a
final activity with reflection activities (Sukarma et al., 2024). The implementation of this hybrid didactic
design is expected to optimize students’ understanding of the meaning of fractions. Fractions have at least
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five meanings based on their use in life. They serve as part of a whole, act as a measure (e.g., % meter),
function as ratios or comparisons, emerge as a result of division, and operate as operators (Isnawan, 2022).
Furthermore, there have been several other studies (Simon et al., 2018; Veloo & Puteh, 2017, Wahyu,
2021) that have aligned with the research described previously. However, few have used didactical design
research (DDR) to help students interpret fractions. DDR is classified as relevant research when one wants
to anticipate learning problems or obstacles in learning mathematics (Suryadi, 2019b). DDR seeks to identify
sources of problems or types of learning obstacles that students experience and use these types of learning
obstacles as a basis for preparing teaching materials or didactic designs (Marfuah et al., 2022; Suryadi,
2019a). Therefore, this study aims to describe a hybrid didactic design that can minimize students’ learning
obstacles in understanding fractions, especially during panic-gogy. The research questions arranged in
order to achieve the research objectives are as follows:
a) What learning obstacles do students and parents experience in interpreting fractions during panic-
gogy?
b) What is the form of a hybrid didactic design for learning the meaning of fractions during panic-gogy?
c) What obstacles are experienced during and after the implementation of the hybrid didactic design for
panic-gogy fraction learning, particularly in students’ interpretation of fractions?
d) What is the form of revision of the hybrid didactic design for fraction learning after implementation?

2. Method
2.1 Research Design

A qualitative approach was chosen in this study. The design in this research was DDR. DDR was
chosen because it was relevant to the purpose of this study. First, the interpretive paradigm in DDR was
related to the analysis of the impact of course design on students” way of thinking, which in this study was
relevant to the analysis of factors that caused students to experience learning difficulties. Second, the
critical paradigmin DDR tried to offer different ways to teach math, which in this case had to do with using
a mix of different teaching methods to help students understand what fractions mean (Suryadi, 2019b,
2019a).

The procedure in this study followed DDR steps (Figure 1) (Marfuah et al., 2022; Prihandhika et al,,
2022). First, prospective analysis: this analysis was a pre-learning analysis with two core activities, namely
analyzing learning obstacles and compiling a hybrid didactic design. Second, metapedadidactic analysis:
this was an analysis of how people learn with the main goal of using a hybrid teaching design to make sure
that the connections, unity, and adaptability of teaching situations for math equations and inequalities are
strong. Third, retrospective analysis was a reflection activity on the results of the implementation that
aimed to revise the hybrid didactic design in accordance with the responses that students gave during
lecture activities (Suryadi, 2019b, 2019a).

Figure 1
Research procedure
Prospective analysis
(hybrid didactical design)
@é An;‘aﬁii‘;:ﬁ?etrghu MEtagﬁgI:gEgactic
Retrospective analysis
(Barriers to student
learning are reduced)
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2.2 Participants

This research was conducted at junior high schools in West Lombok Regency, Indonesia. The junior
high school was chosen because it was classified as a superior junior high school but had problems
interpreting fractions. First, groups of students who had studied fractions with a total of 29 people. The age
range of students was from fourteen to eighteen years. In addition, from the 29 participants, information
was obtained that there were eight students with low EMS, fourteen students with medium EMS, and seven
students with high EMS. EMS was measured using students’ mathematics scores and the results of students’
daily confirmation of mathematics learning by teachers. Students with math scores of less than 40 were
included in the low category, students with scores ranging from 40 to 60 were in the medium category, and
students with scores of more than 60 were in the high category (Veldman & Sanford, 1984). Most of the
participants were female. Most participants were of Sasak ethnicity, and the rest were Balinese and
Javanese. The participants came from various parental professions, such as entrepreneurs, farmers,
mechanics, builders, laborers, civil servants, and police.

Second, groups of students who had not studied fractions at the junior high school level had a total
of 27 people. The age range of the participants ranged from thirteen to fifteen years. Most of the participants
were female. Most participants were of the Sasak ethnic group, and the rest were Balinese and Javanese.
Most participants’ parents were entrepreneurs and farmers, while the rest were construction workers,
laborers, and civil servants. Third, a math teacher who taught fractions. The participant was around 26
years old and had five years of teaching experience. Fourth, parents of class VIl students, totaling 71 people
Participants had an age range from 35 to fifty years; 57 people were female and fourteen people were male;
most worked as self-employed and freelancers, and the rest had professions as civil servants, military,
and police. All student participants were asked to obtain a parental consent signature before providing
data.

2.3 Data Collection

The main instrument in this research was the researcher, because this research used a qualitative
approach (Creswell & Creswell, 2018). Several additional instruments in this study were tests of the
meaning of fractions, guidelines for interviewing students and teachers, student biodata questionnaires,
teacher biodata questionnaires, panic-gogy questionnaires for parents, hybrid didactic designs, observation
sheets of learning implementation, and documentation studies. The interview used was an in-depth
interview with several open-ended, semi-structured questions. The use of these interview techniques and
questions allowed the informants to provide more comprehensive and varied responses (Brown & Danaher,
2017). Tests and student and teacher interview guides were used to obtain data related to factors that
caused students to experience learning obstacles. To gather information about the difficulties parents
encountered when implementing panic-gogy, parents filled out panic-gogy questionnaires. Hybrid didactic
designs and observation sheets of learning implementation were used to obtain data related to student
responses and learning implementation. Meanwhile, documentation studies were used as learning
reflection material to determine the conditions of student learning obstacles and revise didactic designs.

Experts in mathematics education, pure mathematics, and psychology had tested the hybrid didactic
design in this study for content validity. Four mathematics education experts with seven to nine years of
teaching experience Two mathematicians with five to ten years of teaching experience. One psychologist
with more than ten years of teaching experience. The researcher had visited all the experts with a hybrid
didactic design draft to be read, given input, and given grades. Using the CVR=((n.-N/2))/(N/2) formula
(Lawshe, 1975), the researcher then processed the value that the expert provided. n_e denoted the number
of experts who gave an “essential” value, and N denoted the number of experts. Because all experts had
given an “essential” value, a CVR value of one was obtained. The CVR value of the validity test was one so
that it could be concluded that the hybrid didactic design had fulfilled the evidence of content validity
(Lawshe, 1975).
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2.4 Data Analysis

Data from several instruments was then analyzed using thematic analysis assisted by Nvivo-12
software to identify the learning obstacles students experienced. The thematic analysis steps included
familiarizing oneself with the data (reading data repeatedly), compiling initial code, determining themes,
reviewing themes, naming or defining themes, and compiling reports (Nowell et al,, 2017; Sasidharan &
Kareem, 2023). Nvivo-12 (Dalkin et al., 2020), in this study, helped in the coding process, especially when
entering data into an initial code and the initial code into the theme it formed. Initially, data (student answer
sheets and manuscripts of student and teacher interview results) were entered into Nvivo-12. After that,
the researcher compiled the initial code from the data. In this step, triangulation of data sources (between
students and between students and teachers) was carried out to strengthen the research findings. The next
step was determining themes by grouping initial codes with the same characteristics into one theme. Nvivo-
12 was very helpful when compiling the initial code and determining themes. Researchers dragged and
dropped data into the initial code and used the same method to insert the initial code into the theme. After
all the themes were formed, the researcher reviewed the existing themes by re-reading them and the
initial code that formed them. This activity ensured that no initial code entered the theme that it should not.
Next, the researcher gave a name or defined the theme according to its characteristics. Finally, the
researcher compiled reports in various output forms, such as tables and descriptions. A mix of qualitative
data analysis and retrospective analysis was also used to describe the hybrid instructional design and find
a link between it and how it was used. This study’s qualitative data analysis steps were data reduction, data
presentation, and conclusion (Miles et al., 2014).

3. Results
3.1. What learning obstacles do students and parents experience in interpreting fractions during panic-
gogy?

After conducting a thematic analysis of the data obtained, several themes were formed for each
student’s EMS. The full description of the themes can be seen in Table 1. Table 1 showed various forms of
fraction meaning, such as fractions as rational numbers, means, integers, and parts of a whole. Meanwhile,
one of the students’ response excerpts can be seen in Figure 2. Figure 2 provided information that students
interpreted fractions as rational numbers consisting of a numerator and a denominator. In other words,
students basically understood that fractions were a representation of a rational humber.

Figure 2
Excerpts of students’ answers regarding the meaning of fractions

' :Pac_cmon adayah. 1S tioh derine
LitOnaan réqia pel 33 rd
| dm_pgmdi’b()}: e 3TeT |

. o 4ARNE

Figure 2 illustrates that students conceptualized fractions primarily as rational numbers composed of two
essential components, namely a numerator and a denominator. This indicates that students recognized
fractions as numerical representations rather than merely procedural symbols. Their responses suggest
an initial understanding that a fraction expresses a relationship between two integers, where the
numerator represents a part and the denominator represents the whole. Although the explanations were
relatively simple, they demonstrate that students had grasped the foundational meaning of fractions as
rational numbers. This basic conceptual understanding is important, as it serves as a prerequisite for
developing more advanced fraction concepts, such as equivalence, comparison, and operations on
fractions.
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Theme description before implementation
EMS Students Theme Description References
Low Fractions as rational numbers. 14
Fractions as a tool. 4
Average Fractions as rational numbers. 26
Fractions as a tool. 6
Fractions as integers. 2
High Fractions as rational numbers. 19
Fractions as part of the whole. 2

Several themes were formed for the parent aspect, after the thematic analysis of parents’ answers to
panic-gogy questionnaires for parents. Figure 3 demonstrated that parents faced challenges relating to
mathematical ideas as well as technical difficulties. According to at least 35 parents, their kids did not fully
comprehend the math lessons that were taught during panic-gogy. Some examples were that students
were unable to understand mathematics material well because the teacher’s explanation was inadequate,
and parents could not do mathematics, so they were unable to help students when solving problems.
Figure 3

Descrijption of the themes of obstacles parents experience (Wivo-12 visualization)

Children are less
than optimal in

leaming (9)
R
\
‘\ Intemet
'-.\ disturbances and
\ limited quota for
\ children (10}
\
“-
Child
\ Parents cant do
math (1)
\ f
- \ / Child
Ohen e \ ’
Child »Characteristics of

mathematics and

" Theme of obstacles

Child— 3 problems that are
_»,,,—--""‘L > parents exlpenence difficult to explain
" | online {(4)

Leaming is done .
online {4)

Child |
|
The interactions
that occur are only Math material is less
one-way (1) understood by
The teacher's children (35)
explanation is
lacking (11)

The figure illustrates (Figure 3) the central theme of obstacles experienced by parents in supporting
their children’s mathematics learning, particularly in an online learning context. This main theme is
connected to several subthemes, including children’s limited understanding of mathematical material, one-
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way interactions during learning, and teachers' explanations that are perceived as insufficient. Parents
also face difficulties related to the characteristics of mathematical content and problems, which are
challenging to explain through online media. In addition, technological issues such as limited internet quota
and learning disturbances further hinder the learning process. Other contributing factors include parents’
limited mathematical knowledge and children’s suboptimal learning conditions. Overall, the figure indicates
that these obstacles are complex and interrelated, involving pedagogical, technological, and familial
factors that collectively affect children's mathematics learning experiences.

3.2 What is the form of a hybrid didactic design for learning the meaning of fractions during panic-gogy?
Based on the answers to the second research question, it was found that there were three types of

learning obstacles, namely didactical, epistemological, and ontogenic obstacles. As previously described,

the didactical obstacle was related to the teacher's limited knowledge of the meaning of fractions.

Therefore, the hybrid didactic design offered a solution by integrating the various meanings of fractions

into the learning context. Figure 4 provided an example of a design snippet related to the meaning of

fractions arranged in a hybrid didactic design. Figure 4 showed that students were asked to validate

whether a fraction had meaning as part of a whole or not.

Figure 4

A snippet of a hybrid didactic design related to the meaning of fractions

Validation Situation (5 minutes)

Based on the previous
activity, give a response
that matches the meaning
of the fraction below.
Cross out any of the
inappropriate responses.

Meaning of Fractions Response

In the illustration column, fractions have the

meaning as part of the whole. LR i

Regarding the ontogenic obstacle, which was instrumental in nature, the researcher arranged a
design in the form of using various scaffolding to assist students in solving problems. Figure 5 presented
an example of a snippet of a hybrid didactic design that contained scaffolding. The scaffolding used in Figure
5 was a number line model. The illustration given by the teacher was directed so that students used the
number line model when solving the problem. Students were directed to divide the number line model into
several parts in order to solve the problem correctly.

Furthermore, researchers used various contexts and forms of illustration to minimize learning
obstacles with this type of epistemological obstacle. Figure 6 showed an example of the context or
illustration model used to find the meanings of fractions. Figure 6 used a model of a collection of objects
(oranges) as an illustration to help students solve problems. Students were expected to be able to easily
solve problems when they were presented with an illustration of the collection of oranges.
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Figure 5
A snippet of a hybrid didactic design containing scaffolding

Alternative Method 2

For example, an illustration of the surface of the object is shown in the image
below. Divide the number ling into 12 equal parts and assume that each part
represents 1 cm.

Statement lustration Fractions
Size 4 cm.

Remember:

Bold or give a different
color to the section line
representing the size.

Size 6 cm.

Remember:

Bold or give a different
color to the section line
representing the size.

S0, the fraction that expresses
the size of 4 cm and 6 cm respectively is

Figure 5 illustrates a snippet of a hybrid didactic design that incorporates scaffolding to support
students’ understanding of fractions as representations of length. The design uses a humber line divided
into 12 equal parts, with each part representing 1 cm, to visually connect measurement and fractional
reasoning. Through step-by-step instructions and explicit prompts, such as highlighting or coloring the
segment that represents a given size (e.g., 4 cm and 6 cm), students are guided to identify corresponding
fractions of the whole. This structured support helps learners move gradually from concrete visual
representations to abstract fractional concepts, demonstrating how scaffolding within a hybrid didactic
approach facilitates conceptual understanding rather than mere procedural knowledge.

Figure 6
An example of a context or illustration model in a hybrid didactic design

Institutionalization Situation (25 minutes)

Instruction:

Do not forget to prepare notebooks, worksheets, and other writing tools, such as
colored pencils, erasers, rulers, and scissors. Do all the activities carefully, manage
your time well, and recheck your answers when you're done. Write your answers in
your notebook or worksheet!

Do you know an example of how to ward off Covid-19? Yes, one way is to consume fruit
regularly, such as oranges. Consuming oranges regularly can increase the body's
immunity because kayo oranges contain vitamin C.

Atfter returning from the market, Mother always bought oranges. | counted 12 oranges in
the fruit bin. Mother asked me to give -2 of the total number of oranges to grandpa, and
| gave grandpa four oranges. Is the amount | gave right or wrong? Explain.

Figure 6 presents an example of a contextual or illustration model within a hybrid didactic design,
where a real-life situation is used to institutionalize mathematical concepts. The context of buying and
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sharing oranges is employed to connect students’ everyday experiences with the formal understanding of
fractions, specifically the concept of one-half. By asking students to determine whether giving four oranges
out of twelve represents one-half of the total, the design encourages reasoning, justification, and
conceptual validation rather than rote calculation. This contextual model supports the transition from
informal, experience-based reasoning to formal mathematical knowledge, illustrating how hybrid didactic
designs integrate realistic situations as a bridge toward institutionalized mathematical concepts.

In general, the hybrid didactic design consisted of three learning activities, namely preparatory,
lecture, and evaluation, which integrated various didactic situations. Preparatory was an initial learning
activity consisting of Let’s Guess and Let's Read activities. Let’s Read aimed to confirm students
prerequisite knowledge about LCM and GCD, as well as several illustrative models needed in learning. Let's
Read aims to attract students’ interest or motivation to learn by providing stories related to the benefits of
fractions in everyday life. The lecture included the activities Let’s Find Out, Let’s Tell a Story, and Let’s
Summarize. These three activities aimed to construct the meaning of fractions through problem-solving
activities by students. The final activity consisted of the Let’s Practice and My Reflection activities. Let’s
Practice aimed to use the concept of the meaning of fractions in solving problems in different contexts or
situations. Meanwhile, My Reflectionaimed to re-check students’ understanding of the meaning of fractions,
feelings or social emotions, and character commitment.

3.3 What obstacles are experienced during and after the implementation of the hybrid didactic design for
panic-gogy fraction learning, particularly in students interpretation of fractions?

Researchers usually start a Zoommeeting before the set schedule. At the beginning of opening the
platform, researchers found several students already in the main room. While waiting for the other
students, the researcher asked the students to prepare a hybrid didactic design and writing tools that
previous researchers had shared. The researcher opened the learning activities by greeting and opening
prayer. The researcher then asked the students to do Lets Guess activities. The researcher asked students
to recall how to do the LCM and GCD they had learned at the elementary school level. LCM and GCD were
two concepts in mathematics that were prerequisite material when learning fractions, especially when
simplifying and adding fractions with different denominators. After that, there was a short conversation
between the students and the researcher. Table 2 presents excerpts from student interviews with
researchers.

Table 2
Snippet of the researcher’s interview with the Let's Guess activity students
Researcher Questions Student Answers
Can you recall how to find the Least Common HMS: | forget sir.
Multiple (LCM)? Anyone still remember? SL: Forget sir, forget (students laugh).
What is the LCM of 2 and 3? RAF: 12

HMS: 13,
SLI:11sir, 11,

Based on Table 2 and researcher observations during the implementation of the hybrid didactic
design, information was obtained that most students needed to remember how to find the LCM value.
Because there were no correct student answers, the researcher directed students to find the appropriate
LCM values. After students seemed to understand how to find the LCM value, the researcher continued the
learning activity by asking students what the GCD score was out of 4 and 6. In this activity, students also
needed help determining the optimal GCD value. The researcher then explained by stating that the exact
integers in each factor tree were the GCD values of the two numbers.

In connection with the Lefs Guess Illustration Model activity, students could pair the illustration
model with the appropriate integer. However, when students were asked about the reasons, they seemed
unable to give a good explanation. Therefore, the researcher provided reinforcement related to the reasons
that followed the answers given by students. The researcher continued learning through Lefs Read
activities. One student with ZA's initials volunteered to read a motivational story presented in a hybrid
didactic design. After ZA finished reading, students with the initials SH and RAF conveyed the story’s gist.
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SH stated that fractions are often used in commerce and agriculture. Meanwhile, the RAF stated that quite
a lot of mathematical material is used in everyday life.

The next activity the students did was Lefs Find Out. In the breakout room (BOR), students worked
in groups to complete this activity. Before entering the BOR, the researcher explained to the students how
to do the Lets Find Out activity. The researcher described that students were allowed to answer their
problems according to their abilities (alternative method 1). The researcher also explained that students
could use other alternative methods with the help of several illustrative models so that problems could be
solved. When the discussion activities began, students in group 2 needed help determining which students
acted as note-takers. The researcher then appointed the RAF as the minutes to resume the discussion
activities. For group 1, the researcher directed students to actively discuss with other group members.
Whereas for group 3, the researcher gave a trigger question by directing the student group to divide the
illustration model into several equal parts. The researcher then returned to group 2 and directed students
to divide the model illustrations according to the group’s agreement. In addition, the researcher also
directed students not to push themselves if they could not solve the problem independently but to use other
alternative methods. Finally, group 2 used alternative method 1. One of the students was seen leading the
discussion activity.

Unlike the previous group, group 1 was able to find the final answer. Researchers directed students
to determine students who would present the results obtained—only after the final minutes of Lets Find
Out activity group 3 still had not finished their work. The researcher then directed the student group to use
the second alternative to solve the problem on time. The researcher returned all the students to the main
room a few minutes later. The next activity was Lefs Tell a Story. HMS and RAF were the participants in
this activity who represented group 1. HMS and RAF were able to convey their answers and were as
expected. Group 2 and Group 3 also gave appropriate answers. Figure 7 then provided snippets of student
answers for each group. Figure 7 provided information that there were three groups of students who made
illustrations using a circular area model. Two groups divided the circular area model into three parts. One
group only made an illustration but had not yet stated the fractional form (uncolored circle). Another group

divided the circular area model into three parts, with two parts as% (green) and one part as% (pink).
Meanwhile, the other group divided the circular area model into four parts, with the green part as% and
the pink part as i.

Figure 7
Snippets of student answers in the Let’s Find Out activity
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Students in the Lef s Summarize activity seemed to be able to make conclusions that fractions have
meaning as part of the whole and fractions as ratios or comparisons. In addition, the researcher provided
reinforcement that fractions are part of a whole and also introduced another meaning of fractions, namely
fractions as a whole from a whole. Figure 8 provided information regarding the meaning of fractions as a

whole of a whole. One area model (rectangle) illustrated the fraction g = 1. Another area model (circle)

illustrated the fraction % =1

Figure 8
Snippets of the meaning of fractions as a whole of a whole

The next activity was Lefs Practice Students seemed to be able to provide answers related to
problem 1 correctly. Snippets of students’ answers to problem 1 are displayed in Figure 9. Students created
an illustration in Figure 9 that addressed the orange problemin Figure 6. Students found it easier to choose
the right illustration model when there was an orange model available. Students decided to shade the four
oranges that were given to the grandfather using a collection of objects (small circles).

Figure 9
Nllustration of answers to problems 1

o)
¢/ =
) —
In contrast to problem 1, none of the students could solve problem 2. Therefore, the researchers took
the initiative together with the students to solve the problem. Figure 10 provided an illustration of the
answer to problem 2. Figure 10 showed that students and researchers created an illustration of a collection
of marble-shaped objects. The illustration provided the idea that the fractional form in the problem of
sharing marbles could not have a denominator greater than the numerator. This was because the
denominator represented the number of marbles given, while the numerator stated the number of marbles
distributed. A child could not possibly distribute more marbles than the number he had. The last activity

was My Reflection. Students in this activity had completed everything in that section. All students revealed
that they enjoyed learning that day because they used various models of illustration and drawing when
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studying. Students reported understanding fractions primarily as part-whole relationships and as ratios,
following the lesson. In addition, students revealed material they had yet to understand.

Figure 10

Mlustration of answers to problems 2

Based on the results of the researcher’s reflection, several weaknesses were found in the first
meeting. These weaknesses included the need for the researcher to remember to convey learning
objectives, a tendency to rush in giving trigger questions to students, suboptimal use of pen-tablets by the
researcher, and audio recordings of one of the BORs having problems. Therefore, the researcher planned
to convey the learning objectives at the next meeting, be slower when asking trigger questions, and
optimize the use of pen-tablets during learning.

Futhermore, descriptions of themes related to learning obstacles that students experienced after
implementing hybrid didactic designs during panic-gogy in mathematics learning are presented in Table 5.
Table 5 also exposed some misconceptions about the meaning of fractions, such as fractions being tools
and fractions being objects. In other words, there were indications that students had encountered learning
difficulties.

Table 5

Description of the theme after the implementation of the hybrid didactic design
EMS Students Theme Description References
Low Fractions as ratios. 9

Fractions as a tool.
Fractions as a measure.
Fractions as operators.
Average Fractions as ratios.
Fractions as part of the whole.
Fractions as quotient.
The meaning of the fraction could not be identified.
Fractions as a measure.
Fractions as operators.
High Fractions as ratios.
Fractions as part of the whole.
Fractions as a measure.
Fractions as operators.
Fractions as quotient.
Fractions as objects.
Researchers had conducted interviews with students to unearth the factors contributing to students’
learning obstacles, identify the types of learning obstacles students faced, and gain insights from students.
One student with low EMS disclosed insufficient study time, making it challenging to answer questions
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during exams. Students reported that teachers assigned tasks from other subjects during the exam
schedule. Several students with moderate EMS echoed similar sentiments, emphasizing the need for more
study time to comprehend fractions as a whole. Students also provided reasons for high EMS, citing the
burden of multiple assignments that hindered optimal performance in answering exam questions. These
were students actively participating in class discussions. Figure 11 shows samples of students’ responses
to questions about fraction interpretation following implementation. Students were able to understand
fractions as operators, quotients, comparisons, ratios, and parts of a whole, according to Figure 11. Indeed,
students were able to explain that when a fraction is expressed as a ratio or comparison of two integers,
the denominator must not equal 0.

Figure T

Excerpts of students’ answers when interpreting fractions after implementation

3.4 What is the form of revision of the hybrid didactic design for fraction learning after implementation?

Based on the previous description, it was found that most of the responses given by students during
the implementation of the hybrid didactic design aligned with the didactic-pedagogical expectations
outlined in the design. However, some editorial or trigger questions required correction. In this activity, it
was revealed that the researcher had initially miscalculated the LCM values of 2 and 4. Both researchers
and students acknowledged that the correct LCM value for 2 and 4 is 4, not 8 as originally indicated.
Consequently, the researcher revised the hybrid didactic design, directing students to recognize that the
correct LCM value for 2 and 4 is 4.

Concerning the Lels Read activity, no significant revisions were made regarding the Motivational
Stories. However, it was expected that after reading, students should be able to convey the essence of the
reading. Space or instructions to express the essence of the story were not initially included in the hybrid
didactic design. Therefore, the revision of the hybrid didactic design aimed to provide a separate space or
column after the Motivational Story as a platform for students to convey ideas related to Motivational
Stories. Meanwhile, for the Lefs Find Out activity, there was a modification in the illustration model used.
This revision was prompted by the initial illustration model, which tended to resemble two circular areas
(inner circle and outer circle). In contrast, the intended illustration model was meant to depict the shape of
fried rice.

4. Discussion

Based on Table 1, information is obtained that fractions as rational numbers are quite dominant in
this study. When compared with theories related to the meaning of fractions (Dewi et al., 2016; Martinez &
Blanco, 2021), for students with high EMS, information is obtained that there is no wrong meaning of
fractions. Meanwhile, for students with moderate and high EMS, information was obtained that there were
some erroneous meanings of fractions, namely fractions as tools and fractions as integers.

The initial code that is quite dominant in forming the meaning of a fraction as a rational humber is a
fraction as two numbers consisting of a numerator and a denominator. The results of this study are in line
with (Mamonto et al., 2018) which revealed that students tend to interpret fractions as a notation consisting
of a numerator and denominator. Fractions as part of the whole then tend to be quite difficult for students
to explain in this study. This is possibly due to the level of cognitive development of junior high school
students which tends to be classified as formal operations (Isnawan et al., 2022). The resuilts of this study
are in line with several previous studies which revealed that students tend to have difficulty interpreting
fractions as part of a whole (Fauzi & Suryadi, 2020b; Villalba et al., 2019). Unlike the previous ones, the
results of this study contradict several previous studies which revealed that students tend to be able to
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interpret fractions as part of a whole (Getenet & Callingham, 2017; Wilkins & Norton, 2018). The results of
this study are in line with the theory which reveals that the meaning of fractions as part of a whole is a
necessary condition for students to learn fractions (Charalambous & Pitta-Pantazi, 2007).

Furthermore, Table 2 shows that students indicated that they were experiencing learning difficulties
because the meaning of the fractions expressed by students tended to be limited and some participants
misinterpreted the meaning of the fractions. After conducting interviews with several participants,
information was obtained that students with low EMS tended not to understand the meaning of the
questions. If it is related to the theory related to the types of learning obstacles (Isnawan et al.,, 2022,
Suryadi, 2019b), it is indicated that students experience learning obstacles with the type of ontogenic
obstacle which is instrumental in nature. The results of this study are in line with (Fauzi & Suryadi, 2020a)
which revealed that students indicated that they experienced learning difficulties with an ontogenic
obstacle type that was instrumental because students did not understand the meaning of the questions.

In addition, based on information obtained from the mathematics teacher during interviews, students
also indicated learning difficulties with the type of didactical obstacle from the point of view of didactic
situation theory (Brousseau, 2002; Suryadi, 2019b). This is because math teachers cannot interpret fractions
correctly. Mathematics teachers tend to interpret fractions as tools. Fractions are defined as tools that can
make it easier for someone to share something. The results of this study are in line with (Tobias, 2013)
which revealed that students tend to experience problems in learning fractions because the teacher’s
knowledge of mathematics is still lacking.

Moreover, students are also indicated to experience learning obstacles with the type of
epistemological obstacle when viewed from theories related to types of learning obstacles (Brousseau,
2002; Suryadi, 2019b). Based on the results of interviews with several students and mathematics teachers,
information was obtained that mathematics teachers rarely use illustrative models in learning fractions. In
addition, the context used by mathematics teachers is limited or not varied so that students have difficulty
implementing the concept of fractions in different contexts. Snippets of the researchers’ interviews with
mathematics teachers can be seen in Table 6. The results of this study are in line with several previous
studies which revealed that mathematics teachers tend to rarely use illustrative models and variations in
problem contexts in learning fractions at school (Mohamed et al., 2021; Thurlings et al., 2019).

Table 6
Snippet of math teacher interview answers

Researcher Questions Math Teacher Answers

Have you ever started learning by giving | have, but on average they are confused. They do

students problems at the beginning? not understand how to do it, how to do this, so
let s explain it again first, this is how you do it, like
this like this

Have not you tried using another model?  Number lines, yes, but they get confused. Yes, it s

For example, a number line. a bit difficult to use a number line.

Based on Figure 1, information is obtained that the most dominant theme is students lack of
understanding of mathematical material. This study’s results align with research (Ozijdog“;ru, 2021), which
revealed that students tend to experience problems with their low understanding of the content of learning
materials during panic-gogy. Other research also revealed that students indicated decreased levels of
understanding and interest in learning during panic-gogy (Frolova et al., 2021). Some factors that impact
these phenomena are as follows: First, students and teachers lack skills in applying to learn using digital
learning platforms; smartphone, quota, and internet signal limitations; and schools do not have an e-
learning system that can be used during panic-gogy (Akar & Erden, 2021; Mailizar et al., 2020). This factor
is then related to the third theme in Figure 1. The existence of the internet in the panic-gogy context has a
reasonably dominant role because, when internet access is available, it is very likely that mathematics
learning activities can be carried out (Zhou et al., 2020). Although there is no guarantee that it will run
optimally.
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Furthermore, the first theme is also related to the fourth theme. One of the factors that causes
students to not understand math material during panic-gogy is that they tend to feel bored while studying
at home, lack concentration during online learning, rely solely on Google for learning, and have parents.
Students do not understand mathematics, so they do not have discussion partners when experiencing
problems in learning. The results of this study are in line with several previous studies, which revealed that
students tend to be unfocused, get bored quickly, and are less interested in learning during panic-gogy
(Oziidogru, 2021; Wijnker et al., 2021). This theme is also related to the seventh theme, which reveals that
parents of students do not understand math material, so they have difficulty giving explanations when
children ask about math material. Several previous studies have revealed that students perceive their
parents as non-mathematics teachers and, therefore, cannot help during panic-gogy (Akar & Erden, 2021;
Kalogeropoulos et al., 2021).

According to parents, the next problem quite dominant among students is that the teacher’s
explanation during panic-gogy in learning mathematics is lacking. Parents assume that students need a
more detailed explanation from the teacher regarding the content of the material being studied and how to
solve the problems presented by the teacher. These results are then in line with several previous studies,
which revealed that students did not get optimal help from the teacher during panic-gogy in learning
mathematics (Barlovits et al., 2021; Kalogeropoulos et al., 2021). In addition, parents also consider that the
existence of panic disorder itself is a problem for students. In other words, the panic-gogy factor itself is
to blame for the issues students encounter during panic-gogy. This study’s results align with several
theories and previous research, which revealed that mathematics teachers consider learning that is
entirely carried out online to be a problem for students. The implementation of online learning can only be
optimally utilized by mathematics teachers. The relationship that occurs between mathematics teachers
and students tends to be one-way (Chirinda et al,, 2021; Engelbrecht et al., 2020).

The fifth theme also links with other themes, especially the limited interaction between teachers and
students during panic-gogy, which is quite dominant. In other words, the teacher’s feedback to students
during the panic-gogy of learning mathematics has not yet operated at its best. The results of this study
are in line with several previous studies, which revealed that there were limitations to the communication
process between students and teachers during panic-gogy and that the feedback given by teachers to
students tended to be less than optimal (Demir & Demir, 2021; Oziidogru, 2021). The characteristics of
mathematics and math problems become the final theme identified in this study. Several theories also
support the results of this study by revealing that the characteristics of mathematics, which are identical
to formulas and arithmetic operations, are classic problems experienced by society in general (Clements
& Sarama, 2018). Therefore, some experts suggest using various problems of everyday life as a starting
point in learning and paying attention to the phases of the world of mathematics when studying at school
(Tall, 2008).

Based on Table 4, information was obtained that most students needed to remember how to find the
LCM value. Because there were no correct student answers, the researcher directed students to find the
appropriate LCM values. After students seemed to understand how to find the LCM value, the researcher
continued the learning activity by asking students what the GCD score was out of 4 and é. In this activity,
students also needed help determining the optimal GCD value. The researcher then explained by stating
that the exact integers in each factor tree were the GCD values of the two numbers. This study’s results
align with the theory and research results, which reveal that students tend to have difficulty following
learning activities at the beginning of meetings (Lodge et al., 2018; Tian & Siegler, 2017).

In connection with the Lef s Guess llustration Model activity, students can pair the illustration model
with the appropriate integer. However, when students were asked about the reasons, they seemed unable
to give a good explanation. As a result, the researcher offers justification in relation to the students
responses. This result is in line with the theory, which reveals that students tend to have difficulty giving
reasons related to the answers given (Lin, 2018). The researcher continued learning through Lefs Read
activities. One student with ZA's initials volunteered to read a motivational story presented in a hybrid
didactic design. After ZA finished reading, students with the initials SH and RAF conveyed the story’s gist.
SH stated that fractions are often used in commerce and agriculture. Meanwhile, the RAF stated that quite

97

This is an open-access article under the CC BY-SA license. @ @
Copyright © 2026 by Author T


https://jurnal.ut.ac.id/index.php/ijdmde

S — International Journal of Didactic Mathematics in Distance Education
== Volume 3, No 1, pp. 83-105, E-ISSN: 3047-9207
T_DNDE https://jurnal.ut.ac.id/index.php/ijdmde

a lot of mathematical material is used in everyday life. The student’s answer is in line with the theory, which
reveals that fractions are pretty helpful for life (Obersteiner & Tumpek, 2016; Tian & Siegler, 2017).

The next activity the students did was Lefs Find Out. In the breakout room (BOR), students worked
in groups to complete this activity. Before entering the BOR, the researcher explained to the students how
to do the Let s Find Out activity. The researcher described that students were allowed to answer their own
problems according to their abilities (alternative method 1). The researcher also explained that students
could use other alternative methods with the help of several illustrative models so that problems could be
solved. This activity is intended so students’ potential abilities can develop optimally (Topciu & Myftiu, 2015).

When the discussion activities began, students in group 2 needed help determining which students
acted as note-takers. This study’s results align with previous research, which revealed that students tend
to have difficulty when discussing groups (Sofroniou & Poutos, 2016). The researcher then appointed the
RAF as the minutes to resume the discussion activities. For group 1, the researcher directed students to
actively discuss with other group members. Whereas for group 3, the researcher gave a trigger question
by directing the student group to divide the illustration model into several equal parts. The researcher then
returned to group 2 and directed students to divide the model illustrations according to the group’s
agreement. In addition, the researcher also directed students not to push themselves if they could not solve
the problem independently but to use other alternative methods. Finally, group 2 uses the alternative
method 1. One of the students was seen leading the discussion activity.

Unlike the previous group, group 1 was able to find the final answer. Researchers’ direct students to
determine students who will present the results obtained—only after the final minutes of the Lef s Find Out
activity group 3 had finished their work. The researcher then directed the student group to use the second
alternative to solve the problem on time. The researcher returned all the students to the main room a few
minutes later. This study’s results align with previous research, which revealed that when learning, it is
usually found that there are students or groups of students who tend to be slow when working on problems
(Sofroniou & Poutos, 2016; Wester, 2020). The results of this study are also in line with the theory, which
reveals that fractions can also mean the whole of the whole in the context of integers written in the form
of fractions (Bennett et al., 2016).

In contrast to problem 1, none of the students could solve problem 2. Therefore, the researchers took
the initiative together with the students to solve the problem. The results of this study are then in line with
previous research, which revealed that not all problems in learning mathematics can be solved properly
by students (Ozrecberoglu & Caganaga, 2018). The results of this study are also in line with theory and
research, which reveal that the use of illustration or image models tends to be liked by students in learning
(Ervin, 2017, Mamonto et al., 2018). Students also emphasized that the meaning of fractions found at this
meeting was fractions as part of the whole and fractions as ratios or comparisons. In addition, students
revealed material they had yet to understand.

When compared with theories related to the meaning of fractions (Bennett et al., 2016), from Table
5, information is obtained that students with low EMS have been able to express the three meanings of
appropriate fractions, namely fractions as ratios, sizes, and operators. For students with moderate EMS,
information was obtained that students were able to express the five meanings of fractions that should be.
Likewise, for students with high EMS, Students should have expressed all the meanings of fractions. The
results of this study are in line with (Getenet & Callingham, 2017), which revealed that students could
interpret fractions as a whole.

Table 5 also provides information that fractions as ratios become the dominant meaning of fractions
after implementing a hybrid didactic design. The results of this study are in line with (Mamonto et al., 2018),
which revealed that students tend to interpret fractions as a comparison between the numerator and
denominator. In contrast to previous research, several studies have revealed that students tend to interpret
fractions as part of a whole, size, and operators (Charalambous & Pitta-Pantazi, 2007). These different
results are due to the characteristics of the participants in the study, which tend to be different. Students
at the junior high school level tend to interpret fractions as ratios, while students at the elementary level
tend to interpret fractions as part of a whole. This result is because students’ thinking skills at the junior
high school level tend to be axiomatic-formal (Isnawan et al., 2022; Tall, 2008).
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Therefore, the conclusion for this section is that there are indications that students do not experience
learning difficulties when interpreting fractions. Students experience limitations in interpreting fractions,
not because of external factors, such as hybrid didactic designs, but because of the students’ internal
factors (Isnawan et al,, 2022). Additionally, a student with high EMS experiences exciting things. These
students tend to need to be more consistent when working on them. The answers that students convey
during the exam are fractions as a whole. However, when interviewed, students revealed that the intended
meaning was fractions as part of the whole. When compared with theories related to types of learning
obstacles (Suryadi, 2019b), it can be concluded that students experience learning obstacles with
psychological ontogenic obstacles. This study’s results align with several previous studies, which revealed
that students tend to experience learning obstacles with psychological ontogenic obstacles when
interpreting fractions (Fauzi & Suryadi, 2020b, 2020a).

The results of this study are in line with previous research, which revealed that didactic designs
were able to get positive responses from students (Isnawan et al., 2022; Ruli et al., 2019). This study’s results
align with research that reveals that students must be given space to convey ideas related to what they
have read in learning mathematics (Lin, 2018). The results of this study are then in line with the theory,
which reveals that there is no single learning design that, when implemented, can get a response according
to what the teacher predicts (Suryadi, 2019b, 2019a). In other words, there will definitely be changes or
revisions to the design after the implementation of learning activities.

The findings in this study provide an overview that there are several significant differences in
obstacles between distance learning in mathematics and panic-gogy conditions. The first obstacle is that
the level of student boredom in learning is higher during panic-gogy. This is because, during panic-gogy,
all learning is forced to be done online, not due to the wishes of students or teachers. In contrast, distance
learning conditions are usually the choice of students or teachers, so students' psychological conditions
are much more ready for online learning.

The second obstacle is that the learning mode changes rapidly during panic-gogy, requiring teachers
to prepare teaching materials that can be used for all types of modes. Meanwhile, in distance learning,
there is only one mode—online learning—so the teaching materials provided are also of one type: online
teaching materials. For example, researchers in this study use a hybrid didactic design in learning fractions.
The hybrid didactic design can be used in various learning modes, such as online, limited face-to-face, and
home visit. The third obstacle is that students during panic-gogy need printed teaching materials (hybrid
didactic design). This is because students during online learning in panic-gogy use smartphones, not
laptops, making it difficult for them to share screens. Therefore, students choose to write their work on
printed teaching materials and then photograph and share it via Whats4pp groups or show it directly to the
smartphone camera.

The fourth obstacle is that the distribution of printed teaching materials is not easy during panic-
gogy. In addition to restrictions on interaction, students' home addresses also tend to be difficult to find.
Good coordination is needed between researchers and schools, such as guidance and counseling teachers
and vice principals for curriculum, to locate students' addresses and schedule study sessions according to
the current learning mode. The last obstacle is the limited access to devices or internet connections among
students during panic-gogy. This differs from distance learning conditions, where participants usually
already have the necessary devices before choosing the learning mode. The solution provided in this study
is that students who do not have devices are asked to follow the home-visit learning mode, while students
with limited internet access are given data quota assistance by the researcher.

Limitations

This research has limitations in several ways, such as not all students being able to participate in learning
activities in online modes. Therefore, future research will look for alternative learning mode solutions
suitable for students who cannot participate in online learning activities. Additionally, this research will
require a large amount of money for the process of printing hybrid didactic designs, so the researchers
suggest that in future research, a revised hybrid didactic design will be compiled in the form of a website
or Android. This is intended to streamline printing costs, and all students or teachers will be able to access
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the module, both at school and outside of school. Apart from that, excessive time allocation is another
limitation in this research, impacting the allocation of time for other learning. Therefore, future research
includes group reflection activities or lesson study activities when compiling, implementing, and reflecting
on didactic designs to obtain more efficient learning designs.

5. Conclusion

Based on the previous description, several findings can be concluded. Before implementation,
fractions as rational numbers had been the dominant meaning of fractions expressed by students for all
EMS. In other words, most students indicated that they had experienced learning obstacles because they
could not interpret fractions fully. To minimize these obstacles, the researcher developed a hybrid didactic
design that could be implemented during panic-gogy. The hybrid didactic design included at least a few
activities, such as helping students understand the different meanings of fractions to get around didactical
problems and using a range of illustrative models to get around epistemological problems that could get
in the way of learning. The researcher used various triggering questions combined with illustrative models
to overcome ontogenic instrumental obstacles. After implementing the hybrid didactic design, information
was obtained that most participants could correctly express the meaning of the five fractions. However, it
was found that there were participants who needed correction in expressing the meaning of fractions.
These results indicated that students experienced learning obstacles. However, after the interviews were
conducted, information was obtained that the participants needed more time to study, so students were not
optimal in answering during exams. In other words, there were indications that participants did not
experience learning obstacles.

Based on the previous description, a hybrid didactic design appears to be an alternative that
mathematics teachers can use, particularly when teaching students the meaning of fractions. Moreover,
when teachers want to minimize the learning obstacles that students experience, hybrid didactic designs
also tend to be quite relevant for use by teachers in distance learning mode because they optimize student
activities during learning. However, it should be noted that when a mathematics teacher decides to use
distance learning, the distribution of the printed version of the didactic design must be obtained by students
before online learning activities take place. This is intended to anticipate various obstacles during online
learning, such as an unstable internet connection.
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