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 This research aimed to optimize the representational abilities of prospective 

mathematics teachers through the implementation of hypothetical lecture 

designs. The research design used was didactical design research combined 

with lesson study activities. Participants in this research were 29 prospective 

mathematics teacher students (18–21 years old) at a private university in 

Mataram, Indonesia. The researcher was the main instrument, with several 

additional instruments, one of which was the hypothetical lecture design. 

After conducting qualitative data analysis, it was concluded that there was an 

increase in the percentage of students’ representation abilities through the 

implementation of hypothetical lecture designs. This was because the course 

design facilitated students to solve problems by exploring, using, and 

presenting ideas in various forms of representation. Apart from that, the 

lecture design integrated QR codes, Quizizz, and inspirational YouTube 

videos to attract students’ interest or motivation during lectures, especially 

when solving problems. 
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1. INTRODUCTION 

Several previous studies reveal that representation ability is one of the important competencies that 

everyone should have [1]–[3]. This is because, by having this ability, it is easier for someone to solve problems 

using various forms of representation [4], [5]. In fact, this ability actually becomes a problem for students when 

learning mathematics [6]. Therefore, mathematics teachers, including prospective mathematics teachers, have 

a responsibility to optimize these representation abilities [7], [8]. Moreover, representation ability is one of the 

standard processes in mathematics learning itself [9]. Representation ability is a person’s ability to use various 

methods or forms of representation to convey ideas or thoughts [3]. There are at least five modes of 

representation, namely visual, verbal, contextual, physical, and symbolic [4]. Visual representation is a 

person’s ability to convey ideas using pictures, diagrams, number lines, and other forms of mathematical 

images. Verbal representation is conveying ideas using verbal language or descriptive words. Contextual 

representation is a person’s ability to relate mathematical ideas or thoughts using the context of everyday life. 

Physical representation is a person’s ability to use real objects when conveying ideas. Symbolic representation 

is conveying ideas using numbers, variables, or symbols [4], [7]. 

Quite a lot of research is studying student representation abilities and ways to optimize representation 

abilities in higher education [10]–[12]. However, not much is studied regarding the factors that cause the low 

https://creativecommons.org/licenses/by-sa/4.0/


Int J Eval & Res Educ  ISSN: 2252-8822  

 

 Optimizing prospective teachers’ representational abilities through … (Muhamad Galang Isnawan) 

4005 

representation ability of prospective mathematics teacher students and the solution for optimizing 

representation ability by using lesson study activities based on didactical design research. Research in 

Surabaya, Indonesia, has aimed to describe the representational abilities of prospective mathematics teacher 

students [13]. This research has used a qualitative-descriptive approach. The research has concluded that when 

solving calculus problems, prospective mathematics teachers have been able to carry out multiple 

representations. Research at a university in Ethiopia has aimed to identify the effect of the GeoGebra-assisted 

multiple representation approach on students’ representational translation abilities in calculus courses [7]. The 

research has used a quasi-experimental research design. The results of this research have concluded that this 

approach has been able to optimize students’ representational translation abilities after the intervention. Still 

with the same research design, research in Palembang, Indonesia, has concluded that the implementation of 

Maple in integral learning has been able to optimize the representation abilities of prospective mathematics 

teacher students [14]. 

In contrast to several studies previously described, this research tries to examine the representational 

abilities of prospective mathematics teachers for non-mathematics courses. The courses chosen are educational 

courses, namely didactical design research. Apart from that, this research uses lesson study activities based on 

didactical design research as a solution to optimize students’ representational abilities. Even though it is in its 

initial steps, this research tries to examine the factors that cause students to experience learning obstacles. 

Lesson study activities [15], [16], based on didactical design research [17], [18], are used because they produce 

effective and efficient lecture designs. It is said to be effective because didactical design research is able to 

produce learning designs that suit the characteristics of students. The learning solutions offered in didactical 

design research are arranged based on factors that cause students to experience learning obstacles. Meanwhile, 

learning designs prepared based on lesson study activities have a variety of points of view or considerations, 

so learning designs tend to be presented in a simpler or more efficient form. Therefore, the aim of this research 

is to develop a lecture design that is able to optimize the representational abilities of prospective mathematics 

teachers. To achieve the research objectives, several research questions (RQ) are prepared, including: 

i) What is the initial condition of prospective mathematics teachers’ representation abilities? (RQ1) 
ii) What does a hypothetical lecture design look like to optimize representation abilities? (RQ2) 
iii) What is the description of the implementation of a hypothetical lecture design? (RQ3) 
iv) What is the description of the representational abilities after implementing a hypothetical lecture design? 

(RQ4) 
v) How are revisions made to hypothetical lecture designs after lecture implementation? (RQ5) 
 

 

2. METHOD 

This research employed didactical design research (DDR). This design was used because this research 

aimed to develop a lecture design that could optimize students’ representational abilities [19]. Apart from that, 

this research used lesson study activities to produce lecture designs that could anticipate the various responses 

that students gave during lectures [16], [20]. The procedure in this research then integrated the DDR research 

steps with the steps in lesson study activities. The first step in DDR was a prospective analysis combined with 

a lesson study plan. The output of this step was a hypothetical lecture design that was implemented in actual 

lectures. The first step was used to answer RQ1 to RQ2. This activity was carried out for around two months, 

namely from September to October 2023. The second step was metapedadidactic analysis combined with do. 

The output of this step was a description of the lecture process during the implementation of the hypothetical 

lecture design and notes on the results of the observations. The second step was used to obtain answers to RQ3. 

This activity was carried out for one month, namely November 2023. Meanwhile, the third step, namely 

retrospective analysis combined with see, the output of this step was a revision or redesign of the hypothetical 

lecture design, referred to as the empirical lecture design [16]–[20]. Meanwhile, the third step was used to 

answer RQ4 to RQ5. This activity was carried out for one month in November 2023. The flow of research 

procedures can be seen in Figure 1. 

This research involved 29 participants who were prospective mathematics teachers at a private 

university in Mataram, Indonesia. Of the 29 participants, seven were male, and the rest were female. 

Participants’ ages ranged from 18 to 21 years. Regarding hobbies, most participants liked watching, drawing, 

writing, and reading. The prospective teachers referred to in this research were bachelor students in the 

mathematics education study program. The researcher was the main instrument in that research. This was 

because in qualitative research, there was no definite scope for the type or scope of data that had to be collected, 

including uncertainty about where the data source came from [21]. To make it easier to obtain data, researchers 

used several additional instruments, such as student-teacher biodata questionnaires, hypothetical lecture 

designs, student activity observation sheets, representation ability performance sheets, and documentation 

studies. The biodata questionnaire for prospective teacher students was used to obtain data about participants 

who were prospective teacher students. A hypothetical lecture design was used to obtain information regarding 
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student responses during lectures. The course studied was one of the mandatory educational courses for 

prospective mathematics teacher students, namely didactical design research. The student activity observation 

sheet was an instrument used to obtain data related to students’ unique activities during lectures. The 

representation ability performance sheet aimed to obtain information related to students’ representation 

abilities. The representation ability performance sheet used in this research can be accessed at the following 

link: https://shorturl.at/bvKN6. Documentation studies were used to obtain information related to the lecture 

process in the form of video recordings or photos of student expressions. 
 

 

 
 

Figure 1. Research procedure 
 

 

The data obtained were then analyzed using qualitative data analysis. This analysis consisted of 

several steps, namely reducing data, displaying data, and drawing conclusions [22]. Eliminating unnecessary 

data has been a method of data reduction. For example, not all learning video recording data had been analyzed, 

but researchers had only analyzed video recordings that showed unique activities carried out by students. 

Displaying data had been done by displaying data that had been reduced to various forms of representation, 

such as tables, diagrams, or qualitative descriptions. In this step, researchers grouped student answers according 

to the mode of representation presented. After that, the researcher had analyzed the grouping results and 

displayed the analysis results in the form of graphs, tables, or descriptions. For example, in this study, the 
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researcher displayed data on the percentage of representation ability modes in the form of a line diagram, as 

shown in Figure 1. Finally, the data that had been displayed had been interpreted to obtain a conclusion 

regarding the answer related to the research question. Researchers in this step had looked for previous research 

results or theories related to representational abilities to confirm the research results. This confirmation had 

then been known as research findings. 

 

 

3. RESULTS AND DISCUSSION 

3.1.  What is the initial condition of prospective mathematics teachers’ representation abilities?  

Based on the results of the qualitative analysis, information was obtained that students’ representation 

abilities were still in the low category. This was because not all students were able to create representations in 

visual, physical, symbolic, verbal, and contextual forms. One proof of this was that only 20% of students were 

able to make visual and contextual representations during lectures. Of the five existing modes of representation, 

students’ symbolic and verbal representation abilities had a higher percentage than the other three modes. This 

was due to the participants having good verbal language potential as prospective teachers and being accustomed 

to expressing ideas in the form of numbers, symbols, or variables as prospective mathematics teachers. 

Meanwhile, physical and contextual representation still tended to be low because students were in a low-level 

semester, so the ability to contextualize ideas or use concrete objects in learning was not optimal. The complete 

results regarding these percentages can be seen in Figure 2.  

The results are then in line with several previous studies [4], [23], [24], which reveals that students 

tend to have problems making representations during lectures. Other research also reveals that students’ visual 

and symbolic representation abilities are quite low [25]. This is because lecturers do not provide opportunities 

for students to explore ideas or understanding in solving problems, and students tend not to be used to 

conveying ideas visually but are limited to providing descriptions related to the ideas they have [26], [27]. 

 

 

 
 

Figure 2. Percentage of students’ representational abilities before implementing design 

 

 

3.2. What does a hypothetical lecture design look like to optimize representation abilities? 

As previously described, the representational abilities of prospective mathematics teachers were quite 

low. According to the findings of interviews, lecturer-led lectures tended to be conventional in nature. Lecturers 

typically used presentation slides containing material and assignments that students had to complete. This was 

because students were not given the opportunity to explore and convey ideas in various forms of representation. 

What’s more, students were rarely faced with problems or cases to solve during lectures. An excerpt from one 

of the interview results can be seen in Table 1. These results were then in line with previous studies [26], [27], 

which revealed that one of the factors that caused students’ representational abilities to be less than optimal 

was the lack of opportunities given to students to explore ideas when solving problems. When exploring ideas, 

students usually used various forms of representation, such as small notes, sketches, tables, or other forms of 

illustration, to make it easier to solve problems. However, when there had been no problem to be solved, there 

had been a tendency for students not to explore ideas or present these ideas in various forms of representation. 

This had then had an impact on the low representation ability of students in learning.  
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Table 1. Excerpt from an interview with one of the students 
Researcher questions Student answers 

How is your teaching process currently going?  “The learning process, right? Yes, as usual, sir.” 
How is it usual? “Yes, the lecturer comes into class, delivers the material, and 

assigns homework.” 

Is that all? Have you ever been asked to solve a problem or case? “I have, sir, but it felt like a task.” 
Have you ever been asked to create a poster or something similar 

during a lecture? 

“Rarely, sir. In fact, never.” 

 

 

Based on the results of interviews and studies of several theories, it was concluded that lectures 

conducted so far did not provide opportunities for students to solve problems by using ideas and conveying 

these ideas in various forms of representation. Therefore, this research offered a solution in the form of a 

hypothetical lecture design that facilitated students in solving problems or case studies. The design also 

facilitated students in using and conveying their ideas in the form of posters that were presented. A snapshot 

of this problem can be seen in Figure 3. The problem raised in Figure 3 was a case study that prospective 

teachers had to complete by first analyzing a video containing a learning design considered good by the 

participants. After that, prospective teachers were asked to create a good learning design, either by imitating 

or by designing the lesson. The learning design created was then expected to be presented in the form of a 

poster that combined visual, symbolic, and contextual representation. 
 

 

 
 

Figure 3. A snapshot of problems in hypothetical course design 
 

 

In addition, a hypothetical lecture design was developed using didactic situation theory [28]. This 

theory revealed that learning consisted of at least several situations, namely action-formulation, validation, and 

institutionalization [17], [29]. Action-formulation situations were situations where students were asked to solve 

problems in various ways of representation in their respective groups [27]. In this activity, the focus of the 

representation that students carried out was visual, symbolic, and contextual representation [4] because students 

in this activity worked on cardboard, which required students’ ability to express ideas in the form of images, 
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numbers, or variables and contextualize ideas in classroom learning. This situation in the hypothetical lecture 

design was termed the “Let’s Find Out” activity. A validation situation was a situation where students presented 

solutions to previously solved problems. This activity was intended for other groups to provide responses and 

obtain validation of the concepts learned in lectures. The representation skills that students were expected to 

demonstrate in this activity were verbal and physical [4], because students in this activity presented problem 

solutions verbally using concrete objects as assistance. This activity in the hypothetical lecture design was 

termed the “Let’s Tell Stories” activity. An institutionalization situation was a situation where students used 

the concepts they had learned to solve other problems. The term “Let’s Practice” was used to represent these 

activities in hypothetical lecture designs [30], [31]. 

Furthermore, to optimize student activities during lectures, hypothetical lecture designs integrated the 

use of ICT. Some examples of integrated ICT were QR codes, inspirational YouTube videos, and Quizizz. QR 

codes were used to make it easier for students to use hypothetical lecture designs [32], [33]. QR codes were 

used as a container to store information, such as inspirational YouTube videos and Quizizz. This activity was 

expected to be able to train students’ visual representation skills because it related to displays. Inspirational 

YouTube videos were used as a means to arouse student motivation or interest during lectures [34]–[36]. It 

was hoped that this activity would also be able to optimize visual, contextual, and verbal representation skills 

because, after watching the video, students were asked to express their opinions verbally regarding the 

inspirational video. Quizizz also had almost the same role, namely to attract students’ interest during lectures. 

Although the main goal of Quizizz in hypothetical course design was to ascertain students’ prerequisite 

knowledge through playing games [37]–[39]. This activity also aimed to optimize students’ contextual 

representation abilities by answering questions on Quizizz. The term “Let’s Play” was used in hypothetical 

lecture designs that utilized Quizizz. Footage of “Let’s Play” activities can be seen in Figure 4. 

In general, hypothetical lecture design consisted of three activities, namely preparatory, lecture, and 

evaluation [40]. Preparation was the initial activity in learning. The time allocation for that activity was fifteen 

minutes. This activity consisted of several activities, namely “Let’s Listen”, which contained the lecture 

objectives in the form of essential questions; “Let’s Watch”, which was used to attract students’ interest or 

motivation by watching inspirational YouTube videos; and “Let’s Play”. Lecture was the core activity in 

lectures, which consisted of the activities “Let’s Find Out”, “Let’s Tell Stories”, “Let’s Summarize”, and  

“Let’s Practice”. The time allocation for that activity was seventy minutes. In the meantime, students engaged 

in evaluation as a reflection activity on their learning experiences. The time allocation for that activity had been 

the same as for preparation activities, namely 15 minutes. The “My Reflection” activity served as a 

representation of the evaluation activity in the hypothetical lecture design. Basically, most of the activities in 

the hypothetical lecture design facilitated prospective mathematics teachers to use representation skills in 

various modes. The main activities that were expected to be able to optimize students’ representational abilities 

were “Let’s Find Out”, “Let’s Tell Stories”, and “Let’s Practice”, because in these activities students were 

asked to solve problems using various modes of representation and describe verbally with the help of concrete 

objects as a medium for learning mathematics. The complete hypothetical lecture design can be accessed on 

the following page: https://shorturl.at/cJPS5. Before being implemented in a real class, a hypothetical lecture 

design was simulated by one of the lecturers, who acted as a model lecturer. The model lecturer then received 

suggestions from other lecturers for the simulation. This activity was a form of lesson study activity. This 

activity aimed to ensure that model lecturers were truly ready to implement hypothetical lecture designs. 

 

3.3. What is the description of the implementation of a hypothetical lecture design?  

At the beginning of the lecture, the model lecturer opened the class with greetings and an opening 

prayer. After that, the model lecturer distributed the hypothetical lecture design to each group of students. Do 

not forget, model lecturers also checked student attendance before the lecture started. The first activity carried 

out by the model lecturer was to ask students to read the essential questions that would be answered at the 

meeting. The purpose of the lecture was contained in the hypothetical lecture design. One of the students with 

the initials MDAM then read out essential questions related to how to prepare a good lecture design. After 

confirming the essential questions, the next activity was “Let’s Watch”. In this activity, students were given 

the opportunity for three minutes to watch an inspirational YouTube video linked to a QR code. Students were 

seen scanning the QR code and starting the viewing activity. After that, students were asked to answer several 

questions related to the videos they had watched. Students in this activity seemed able to answer the questions 

given well. This activity was expected to optimize visual and verbal representation abilities. The next activity 

was “Let’s Play”. Students also did the same thing in this activity. Students scanned the QR code so they could 

connect to Quizizz. After a while, all the students were ready to start playing activities, and the model lecturer 

started playing activities. A summary of student answers can be seen in Figure 5. This activity was expected 

to be able to optimize students’ contextual representation abilities because several questions related to students’ 

understanding of actual classroom learning. 

 

https://shorturl.at/cJPS5
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Figure 4. Footage of Let’s Play activities 

 

 

 
 

Figure 5. A summary of students’ answers to the Let’s Play activity 

 

 

After completing the “Let’s Play” activity, the next activity was “Let’s Find Out”. In this activity, 

students were asked to develop a good mathematics learning design. In this activity, students were seen to have 

a learning design. This is because, in the previous lecture, students were asked to prepare an example of a 

mathematics learning design. As a result, students carried out this activity by discussing the learning design 
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they had created and then assembling it into a poster using cardboard. Excerpts of student answers can be seen 

in Figure 6. In this activity, students’ visual, symbolic, and contextual representation skills were expected to 

be demonstrated through several pictures, mathematical symbols, and examples of daily life presented in poster 

form. Complete answers for all groups can be accessed on the following page: https://shorturl.at/fqsyE.  

In general, students could do this activity well. The results of this research are then in line with several previous 

studies, which reveal that problem-based learning or case studies tend to be able to optimize student 

performance during lectures [15], [27]. 

 

 

 
 

Figure 6. Excerpt from the answers of one of the student groups in the Let’s Find Out activity 

 

 

After completing the “Let’s Find Out” activity, students presented their results from the “Let’s Tell 

Stories” activity. In this activity, students from other groups were asked to provide responses. However, no 

students from other groups gave this response. This was due to the fact that students talked about a variety of 

topics, which made them less interested in what certain groups were saying. Students demonstrated verbal 

representation skills in this activity. Students could also see physical representation skills by using several 

concrete objects as media in the learning designs they created. In this activity, quite a lot of lecture time was 

used because one group tended to take longer than it should. In fact, not all groups presented their answers. 

This was because each group had to present the mathematical learning design they had created. The learning 

design contained quite a lot of activities, so it required more time to present. 

The next activity was to come to a conclusion. In this section, students were not able to validate the 

structure of a good learning design. Therefore, the lecturer validated the model by providing the description 

that at least the learning design must contain three activities: preparatory, lecture, and evaluation [40]. 

Preparatory should consist of information related to learning objectives [41], activities to generate learning 

motivation [42], and exploring students’ prerequisite knowledge [43], [44]. Lectures should contain problem-

solving activities as a means for students to construct the mathematical concepts or formulas being studied 

[45]–[47]. Meanwhile, evaluation should consist of student activities in reflecting on concepts or formulas that 

have been learned, as well as reflecting on feelings after participating in learning [48], [49]. “Let’s practice” 

activities that could not be done during this lecture due to insufficient lecture time. The last activity was  

“My Reflection”. In this activity, students were able to review that at least the learning design must include 

preparatory, lecture, and evaluation activities. Regarding social-emotional issues, students expressed that they 

enjoyed attending lectures at the meeting. 

Several factors made students happy during lectures, such as play activities carried out using Quizizz, 

the display of hypothetical lecture designs that were simple and attractive because they used QR codes, and the 

use of inspirational YouTube videos at the beginning of learning activities. These reasons were then in line 

with several previous studies [32]–[34], [36]–[38] that revealed online test applications and learning videos 

tended to be able to arouse student interest or motivation during lectures. The use of QR codes could also have 

https://shorturl.at/fqsyE
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made more information presentable. Apart from that, as previously described in the answer to the second 

research question, the existence of Quizizz, QR codes, and YouTube videos trained students to present ideas 

in various modes of representation, especially visual, verbal, and contextual.  

In conclusion, the implementation of the hypothetical lecture design went according to the expected 

response that the researcher had anticipated. However, one obstacle was found during the implementation, 

namely the implementation of the lecture design, which tended to take longer so that one of the activities could 

not be implemented, namely “Let’s Practice”. The allocation of lecture time tended to be used quite a lot for 

“Let’s Watch” and “Let’s Find Out” activities because each group of students still wanted to convey ideas 

related to the activities given by the model lecturer. The results of this research are then in line with several 

previous studies [50], [51] that reveal the time allocation required for student-oriented learning tends to be 

more than conventional learning. This is because student-centered learning has quite a lot of mental and 

physical activities that must be carried out during learning. The results of this research are also in line with 

several studies that reveal students tend to give positive responses or responses that are in line with the 

researchers’ expectations when conducting learning using DDR-based learning designs [18], [31], or learning 

designs developed through lesson study activities [15], [16]. This is because the learning design is rich in points 

of view and structured based on factors that cause students to experience learning obstacles [15], [16], [52]. 

 

3.4. What is the description of the representational abilities after implementing a hypothetical lecture 

design?  

Based on the results of the qualitative analysis of the representation ability performance sheet, future 

math teachers were better able to represent information after the hypothetical lecture design was used. This 

was because students, during lectures, had the opportunity to solve problems presented by the model lecturer. 

Furthermore, students were given the chance to explore, utilize, and present ideas in various forms of 

representation while solving these problems. The presence of trigger questions facilitated students, making it 

easier for them to solve problems. The integration of ICT, such as QR codes, YouTube videos, and Quizizz, 

proved to be quite helpful for students in creating representations during lectures. The use of smartphones and 

the Canva application significantly aided students in preparing mathematics learning designs during lectures. 

The provision of cardboard, colored markers, and various other materials also proved to be quite helpful for 

students when making representations. Figure 7 displays a comparison of students’ representation abilities 

before and after the implementation of the hypothetical lecture design. One example of a comparison of student 

answers when given a representation assignment before and after implementation is seen in Table 2. The table 

shows that before implementation, the hypothetical lecture design tended to be delivered in verbal form, 

whereas after implementation, it used various forms of combination representation. 

 

 

 
 

Figure 7. Comparison of students’ representation abilities before and after implementation 

 

 

The results of this research are then in line with several studies [26], [27], which reveal that students’ 

representation abilities tend to develop optimally, especially when students are facilitated to solve problems by 

exploring ideas optimally. The results are also in line with previous studies [32], [39], [53], [54], which reveal 
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that the existence of fairly complete learning support facilities, the existence of adequate learning support 

devices, and optimal use of ICT tend to optimize student representation abilities. The use of trigger questions 

also tends to make it easier for students to solve problems [55]. In summary, this research concludes that the 

hypothetical lecture design optimizes the representational abilities of prospective mathematics teachers. 
 

 

Table 2. Comparison of student representation before and after implementation  
Before After 

1. WHAT 

Question: 

What is Didactic Design Research? 
Didactical design research is a research that reveals learning 

obstacles in the learning process and aims to anticipate and 

eliminate learning obstacles in learning. Because it is undeniable 
that students have epistemological difficulties (learning obstacles) 

in understanding the concept of the relationship between the central 

angle. The length of the arc and the area of the sector of the circle. 
2. WHO 

Question: 

Who discovered the DDR research? 
The DDR research was first discovered by a professor at the 

Indonesia University of Education, namely Prof. Dr. H. Didi 

Suryadi, M.Ed.  
 

 

3.5. How are revisions made to hypothetical lecture designs after lecture implementation?  

After implementing the hypothetical lecture design, the model lecturer and several observer lecturers 

reflected on the lecture process that had been implemented. The reflection activity began with the model 

lecturer talking about feelings during the lecture. The lecturer model felt that most of the lectures had gone 

according to expectations. One of the observer lecturers provided suggestions for improvements to the 

implementation of lectures. The observer lecturer considered that there was no follow-up to the “Let’s Play” 

activities. In fact, this activity was an activity that aimed to confirm students’ prerequisite knowledge. Apart 

from that, as shown in Figure 5, it shows that not all students had sufficient prerequisite knowledge. Therefore, 

the observer lecturer recommended that the play activity have feedback from the model lecturer. This feedback 

could take the form of a short discussion regarding the answer that should be given to the “Let’s Play” activity. 

This was intended so that students’ prerequisite knowledge was truly ready before entering the core activities 

in lectures. This revision was then expected to be able to optimize students’ symbolic and verbal representation 

abilities because students were given the opportunity to discuss verbally the answers given in the “Let’s Play” 

activity.  

Apart from that, other observer lecturers also thought that the “Let’s Practice” activity could not be 

carried out due to time constraints. The observer lecturer considered that too much time was spent on the  

“Let’s Tell Stories” activity. The observer lecturer recommended that students be given a time limit when 

making presentations. For example, each group only had five minutes to present the mathematics learning 

design they had created. It was hoped that this time limitation would have an impact on the implementation of 

“Let’s Practice” activities in accordance with the appropriate time allocation. By carrying out this activity, it 

was hoped that students’ verbal, contextual, and symbolic representation abilities would develop optimally 

because students were asked to carry out learning simulations that required these three representations. In 

summary, these revisions can be seen in Table 3. 

The results of this research are in line with several previous studies [43], [44], which reveal that 

prerequisite knowledge is essential before students undertake learning. Additionally, feedback [56], [57] is an 

activity that educators must frequently carry out during learning. This is intended to ensure that interactions 

between educators and students run smoothly, impacting the optimal development of student competence. The 

results of this research are also consistent with several previous studies [58], [59], which show that providing 

time limits for students to express opinions has an impact on the implementation of learning activities or 

discussion decisions as they should be. The revised hypothetical lecture design is then referred to as the 

empirical lecture design. This lecture design is also included in the epistemic learning pattern because it 

facilitates students in constructing their own knowledge through problem-solving activities. 
 

 

Table 3. Revised hypothetical lecture design 
Shortcomings during implementation Hypothetical lecture design revision 

No feedback is provided on Let’s Play activities. Provide feedback on student results in Let’s Play activities. 

Time limitations mean that the Let’s Practice activity 

cannot be carried out. 

Limit the time allocated for students to convey opinions or ideas. 
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4. CONCLUSION 

As described in the introduction, this research aims to develop a lecture design that optimizes the 

representational abilities of prospective mathematics teachers. Based on the results of research and discussion, 

it is concluded that the hypothetical lecture design optimizes students’ representational abilities. Evidently, 

there is an increase in the percentage of students who can represent in various forms. This lecture design is 

then termed an empirical lecture design, classified as an epistemic lecture pattern. The design consists of several 

activities, such as “Let’s Listen”, “Let’s Watch”, “Let’s Play”, “Let’s Find Out”, “Let’s Tell Stories”,  

“Let’s Summarize”, “Let’s Practice”, and “My Reflection”. The design also integrates several ICTs, such as 

QR codes, YouTube videos, and Quizizz. 

One of the limitations of this research is that the “Let’s Practice” activity cannot be carried out during 

lectures. However, lectures can still run well. In fact, the “Let’s Practice” activity is classified as an 

institutionalization situation in didactic situation theory. Therefore, further research is necessary regarding 

whether the situation of institutionalization in learning is a mandatory thing that students must go through or 

not. The answer to this question could then become a finding that might be able to revise the didactical situation 

theory believed so far in the learning context, especially mathematics learning through didactical design 

research. 

 

 

ACKNOWLEDGEMENTS 

The researcher thanks all the lesson study lecturer teams who are willing to become research partners 

in planning, doing, and seeing. The researcher also thanks all the student participants who were responsive 

during the lecture. Finally, the researcher thanks Universitas Nahdlatul Wathan Mataram, the University of 

Jeddah, and Universitas Terbuka for providing financial assistance during the research and publication costs. 

 
 

REFERENCES 
[1] C. Khairunnisak, R. Johar, Y. Yuhasriati, C. M. Zubainur, S. Suhartati, and P. Sasalia, “Learning trajectory of algebraic expression: 

Supporting students’ mathematical representation ability,” Mathematics Teaching Research Journal, vol. 13, no. 4, pp. 27–41, 2021. 
[2] D. P. Sari, D. Darhim, and R. Rosjanuardi, “Errors of students learning with react strategy in solving the problems of mathematical 

representation ability,” Journal on Mathematics Education, vol. 9, no. 1, pp. 121–128, 2018. 

[3] G. A. Goldin, “Mathematical representations,” in Encyclopedia of Mathematics Education, Cham: Springer International 

Publishing, 2020, pp. 566–572. doi: 10.1007/978-3-030-15789-0_103. 

[4] D. A. Huinker, “Representational competence: A renewed focus for classroom practice in mathematics,” Wisconsin Teacher of 
Mathematics, pp. 4–8, 2015. 

[5] G. Duffy, S. Sorby, and B. Bowe, “An investigation of the role of spatial ability in representing and solving word problems among 

engineering students,” Journal of Engineering Education, vol. 109, no. 3, pp. 424–442, Jul. 2020, doi: 10.1002/jee.20349. 
[6] D. I. Hadiastuti, E. Soedjoko, and M. Mulyono, “Analysis of mathematical representation ability based on students’ thinking style 

in solving open-ended problems,” Unnes Journal of Mathematics Education, vol. 8, no. 3, pp. 195–201, 2019. 

[7] N. Arefaine, K. Michael, and S. Assefa, “GeoGebra assisted multiple representations for enhancing students’ representation 
translation abilities in calculus,” Asian Journal of Education and Training, vol. 8, no. 4, pp. 121–130, Nov. 2022, doi: 

10.20448/edu.v8i4.4309. 

[8] L. Lusiana and Y. L. Ningsih, “Students’ mathematical representation ability through implementation of maple,” Infinity Journal, 
vol. 7, no. 2, pp. 155–164, Sep. 2018, doi: 10.22460/infinity.v7i2.p155-164. 

[9] National Council of Teacher of Mathematics, Principles and standards for school mathematics. Reston: The National Council of 

Teacher of Mathematics, Inc., 2000.  
[10] N. Nurrahmawati, C. Sa’dijah, S. Sudirman, and M. Muksar, “Assessing students’ errors in mathematical translation: From symbolic 

to verbal and graphic representations,” International Journal of Evaluation and Research in Education (IJERE), vol. 10, no. 1,  

pp. 115–125, Mar. 2021, doi: 10.11591/ijere.v10i1.20819. 

[11] P. Pantidos, G. Kaliampos, and K. Ravanis, “Narration and multimodality: The role of the human body and material objects in 

science teaching,” International Journal of Evaluation and Research in Education (IJERE), vol. 11, no. 2, pp. 617–627, Jun. 2022, 

doi: 10.11591/ijere.v11i2.22074. 
[12] N. Jamil, M. I. Mohd Hamzah, and A. H. A. Hamid, “Sustaining learning organization in the next normal of educational 

management: Evidence from Malaysia,” International Journal of Evaluation and Research in Education (IJERE), vol. 12, no. 4, 

pp. 1829–1836, Dec. 2023, doi: 10.11591/ijere.v12i4.25920. 
[13] D. Y. Ningtyas, Y. Fuad, and A. Lukito, “The ability of representation of mathematics education students in solving calculus 

problems,” (in Indonesian), Kreano, Jurnal Matematika Kreatif-Inovatif, vol. 10, no. 1, pp. 27–36, Jun. 2019, doi: 

10.15294/kreano.v10i1.17334. 
[14] A. Supriadi and Y. L. Ningsih, “Students’ mathematical representation abilities in probability distribution material,” (in Indonesian), 

Indiktika : Jurnal Inovasi Pendidikan Matematika, vol. 4, no. 2, pp. 14–25, 2022. 

[15] S. Haryoto and S. Narimo, “Contextual math learning based on lesson study can increase study communication,” International 
Journal of Education, vol. 5, no. 4, pp. 48–60, Oct. 2013, doi: 10.5296/ije.v5i4.4440. 

[16] F. Fitriati, R. Rosli, and Z. H Iksan, “Enhancing prospective mathematics teachers’ lesson planning skills through lesson study 

within school university partnership program,” Journal on Mathematics Education, vol. 14, no. 1, pp. 69–84, Feb. 2023, doi: 
10.22342/jme.v14i1.pp69-84. 

[17] D. Suryadi, Didactical design research (DDR) and its implementation. Bandung: Gapura Press (in Indonesian), 2019. 

[18] M. Marfuah, D. Suryadi, T. Turmudi, and M. G. Isnawan, “Providing online learning situations for in-service mathematics teachers’ 

external transposition knowledge during COVID-19 pandemic: Case of Indonesia,” Electronic Journal of e-Learning, vol. 20,  



Int J Eval & Res Educ  ISSN: 2252-8822  

 

 Optimizing prospective teachers’ representational abilities through … (Muhamad Galang Isnawan) 

4015 

no. 1, pp. 69–84, Feb. 2022, doi: 10.34190/ejel.20.1.2388. 
[19] D. Suryadi, Philosophical foundations of didactical design research (DDR). Bandung: Pusat Pengembangan DDR Indonesia  

(in Indonesian), 2019. 

[20] J. Joubert, R. Callaghan, and J. Engelbrecht, “Lesson study in a blended approach to support isolated teachers in teaching with 
technology,” ZDM, vol. 52, no. 5, pp. 907–925, Oct. 2020, doi: 10.1007/s11858-020-01161-x. 

[21] J. W. Creswell and J. D. Creswell, Research design: Qualitative, quantitative, and mixed methods approaches. 5th ed. Thousand 

Oaks, California: Sage Publication, Inc., 2018. 
[22] M. B. Miles, A. M. Huberman, and J. Saldana, Qualitative data analysis: A methods sourcebook. 3rd ed., Thousand Oaks, 

California: SAGE Publications, Inc., 2014. 

[23] A. Azmidar and H. Husan, “Enhancing students’ mathematical representation ability through mathematics learning,” Hipotenusa 
Journal of Research Mathematics Education, vol. 5, no. 2, pp. 90–104, 2022. 

[24] T. G. Ratumanan, C. S. Ayal, and P. Z. Tupamahu, “Mathematical representation ability of mathematics education study program 

students,” Jurnal Pendidikan Matematika (JUPITEK), vol. 5, no. 1, pp. 50–59, Jun. 2022, doi: 10.30598/jupitekvol5iss1pp50-59. 
[25] S. Saifiyah and H. Retnawati, “Why is mathematical representation difficult for students?” Journal of Physics: Conference Series, 

vol. 1397, no. 1, Dec. 2019, doi: 10.1088/1742-6596/1397/1/012093. 

[26] Y. L. Man, M. Asikin, and S. Sugiman, “Systematic literature review: Students’ mathematical representation ability in mathematics 
learning,” Daya Matematis: Jurnal Inovasi Pendidikan Matematika, vol. 10, no. 1, pp. 36–44, 2022. 

[27] S. A. Raza, W. Qazi, and B. Umer, “Examining the impact of case-based learning on student engagement, learning motivation and 

learning performance among university students,” Journal of Applied Research in Higher Education, vol. 12, no. 3, pp. 517–533, 
Oct. 2019, doi: 10.1108/JARHE-05-2019-0105. 

[28] G. Brousseau, Theory of didactical situations in mathematics. New York: Kluwer Academic Publishers, 2002. 

[29] A. Prabowo, D. Suryadi, D. Dasari, D. Juandi, and I. Junaedi, “Learning obstacles in the making of lesson plans by prospective 
Mathematics teacher students,” Education Research International, vol. 2022, pp. 1–15, Sep. 2022, doi: 10.1155/2022/2896860. 

[30] S. Arslan, D. Baran, and S. Okumus, “Brousseau’s theory of didactical situations in mathematics and an application of a didactical 

situations,” Necatibey Faculty of Education Electronic Journal of Science and Mathematics Education, vol. 5, no. 1, pp. 204–224, 
2011. 

[31] I. K. Sukarma, M. G. Isnawan, and N. M. Alsulami, “Research on nonroutine problems: A hybrid didactical design for overcoming 

student learning obstacles,” Human Behavior and Emerging Technologies, vol. 2024, pp. 1–12, Jan. 2024, doi: 
10.1155/2024/5552365. 

[32] W. Ahmed and E. Zaneldin, “Blending QR code with video learning in the pedagogical process for the college foundation level,” 

Interactive Technology and Smart Education, vol. 17, no. 1, pp. 67–85, Nov. 2019, doi: 10.1108/ITSE-08-2019-0043. 
[33] N. Vuksanović, D. Demirović Bajrami, M. D. Petrović, and E. M. Grigorieva, “QR codes as a tool for receiving feedback about 

guests’ satisfaction at destinations,” Journal of Place Management and Development, vol. 14, no. 1, pp. 19–31, Jan. 2021, doi: 

10.1108/JPMD-03-2020-0025. 
[34] R. Santagata et al., “Mathematics teacher learning to notice: a systematic review of studies of video-based programs,” ZDM – 

Mathematics Education, vol. 53, no. 1, pp. 119–134, Apr. 2021, doi: 10.1007/s11858-020-01216-z. 

[35] A. Febliza, Z. Afdal, and J. Copriady, “Improving students’ critical thinking skills: Is interactive video and interactive Web module 
beneficial?” International Journal of Interactive Mobile Technologies (iJIM), vol. 17, no. 03, pp. 70–86, Feb. 2023, doi: 

10.3991/ijim.v17i03.34699. 

[36] A. Coles, “Mathematics teachers learning with video: the role, for the didactician, of a heightened listening,” ZDM, vol. 46, no. 2, 
pp. 267–278, Apr. 2014, doi: 10.1007/s11858-013-0541-3. 

[37] W. N. Yanuarto and P. D. Hastinasyah, “Gamification: Quizizz in mathematical game learning for secondary students,” Indonesian 

Journal of Mathematics Education, vol. 5, no. 2, pp. 64–73, Feb. 2023, doi: 10.31002/ijome.v5i2.6588. 
[38] K. Khasanah and A. Lestari, “The effect of quizizz and learning independence on mathematics learning outcomes,” Tadris: Jurnal 

Keguruan dan Ilmu Tarbiyah, vol. 6, no. 1, pp. 63–74, Jun. 2021, doi: 10.24042/tadris.v6i1.7288. 

[39] T. Hainey, G. Baxter, and A. Ford, “An evaluation of the introduction of games-based construction learning in upper primary 
education using a developed game codification scheme for scratch,” Journal of Applied Research in Higher Education, vol. 12,  

no. 3, pp. 377–402, Jun. 2019, doi: 10.1108/JARHE-02-2018-0031. 
[40] R. Aylward, “The three phases of learning,” in International Proceedings of Economics Development and Research, 2012,  

pp. 32–36. 

[41] C. Sirisuthi and C. Chantarasombat, “Development on the learning module of school-based supervision course for master degree 
students, majoring educational administration in Thailand,” International Journal of Higher Education, vol. 10, no. 4, pp. 21–31, 

Feb. 2021, doi: 10.5430/ijhe.v10n4p21. 

[42] F. Price and K. Kadi‐Hanifi, “E‐motivation! The role of popular technology in student motivation and retention,” Research in Post-

Compulsory Education, vol. 16, no. 2, pp. 173–187, Jun. 2011, doi: 10.1080/13596748.2011.575278. 

[43] C. Deeken, I. Neumann, and A. Heinze, “Mathematical prerequisites for STEM programs: What do University instructors expect 

from new STEM undergraduates?” International Journal of Research in Undergraduate Mathematics Education, vol. 6, no. 1,  
pp. 23–41, Apr. 2020, doi: 10.1007/s40753-019-00098-1. 

[44] E. Salsabila, “Influence of prerequisite concepts understanding and mathematical communication skills toward student’s 

mathematical proving ability,” Pythagoras: Jurnal Pendidikan Matematika, vol. 14, no. 1, pp. 46–55, Jun. 2019, doi: 
10.21831/pg.v14i1.25067. 

[45] L.-M. Hartmann, J. Krawitz, and S. Schukajlow, “Create your own problem! When given descriptions of real-world situations, do 

students pose and solve modelling problems?” ZDM – Mathematics Education, vol. 53, no. 4, pp. 919–935, Aug. 2021, doi: 
10.1007/s11858-021-01224-7. 

[46] B. Dahl, “What is the problem in problem-based learning in higher education mathematics,” European Journal of Engineering 

Education, vol. 43, no. 1, pp. 112–125, Jan. 2018, doi: 10.1080/03043797.2017.1320354. 
[47] J. L. Cooper and M. W. Alibali, “Visual representations in mathematics problem-solving: Effects of diagrams and illustrations,” in 

Proceeding of the 34th Annual Meeting of the North American Chapter of the International Group for the Psychology of 

Mathematics Education, 2012, pp. 281–288. 
[48] L. Yang and T. Xin, “Changing educational assessments in the post‐COVID‐19 Era: From assessment of learning (AoL) to 

assessment as learning (AaL),” Educational Measurement: Issues and Practice, vol. 41, no. 1, pp. 54–60, Mar. 2022, doi: 

10.1111/emip.12492. 
[49] E. Ghorbanpour, G.-R. Abbasian, and A. Mohseni, “Assessment alternatives in developing L2 listening ability: Assessment for, of, 

as learning or integration? Assessment x̄ approach,” International Journal of Language Testing, vol. 11, no. 1, pp. 36–57, 2021. 

 



                ISSN: 2252-8822 

Int J Eval & Res Educ, Vol. 13, No. 6, December 2024: 4004-4016 

4016 

[50] A. Khalafov, “Factors obstructing the application of student-centered education at schools in Azerbaijan,” International Journal of 

Education and Learning, vol. 3, no. 3, pp. 183–190, Dec. 2021, doi: 10.31763/ijele.v3i3.101. 
[51] C. Robinson, Student-centred approaches in mathematics. National He STEM Programme, 2012. 

[52] R. Huang and Y. Shimizu, “Improving teaching, developing teachers and teacher educators, and linking theory and practice through 

lesson study in mathematics: an international perspective,” ZDM, vol. 48, no. 4, pp. 393–409, Jul. 2016, doi: 10.1007/s11858-016-
0795-7. 

[53] S. Peled and S. Schocken, “Mobile learning and early age mathematics,” in 10th International Conference Mobile Learning 2014, 

2014, pp. 19–25. 
[54] Y. Yosiana, D. Djuandi, and A. Hasanah, “Mobile learning and its effectiveness in mathematics,” Journal of Physics: Conference 

Series, vol. 1806, no. 1, Mar. 2021, doi: 10.1088/1742-6596/1806/1/012081. 

[55] R. Rosnawati, Tuharto, and S. Hamdi, “Trigger questions in mathematics learning simulation in micro teaching course: An overview 
of asking question types,” in AIP Conference Proceedings, 2022. doi: 10.1063/5.0108877. 

[56] R. Aslam and N. Khan, “Secondary school teachers’ knowledge and practices about constructive feedback: Evidence from Karachi, 

Pakistan,” Jurnal Cakrawala Pendidikan, vol. 40, no. 2, pp. 532–543, Jun. 2021, doi: 10.21831/cp.v40i2.35190. 
[57] A. A. Lipnevich and E. Panadero, “A review of feedback models and theories: Descriptions, definitions, and conclusions,” Frontiers 

in Education, vol. 6, Dec. 2021, doi: 10.3389/feduc.2021.720195. 

[58] T. Ellis and L. P. Dringus, “A study of time limit structures on participation flow in an asynchronous discussion forum,” in 2009 
39th IEEE Frontiers in Education Conference, Oct. 2009, pp. 1–5. doi: 10.1109/FIE.2009.5350625. 

[59] A. Conte, M. Scarsini, and O. Sürücü, “The impact of time limitation: Insights from a queueing experiment,” Judgment and Decision 

Making, vol. 11, no. 3, pp. 260–274, May 2016, doi: 10.1017/S1930297500003090. 

 

 

BIOGRAPHIES OF AUTHORS  

 

 

Muhamad Galang Isnawan     is a lecturer at the Faculty of Teacher Training and 

Education at Universitas Nahdlatul Wathan Mataram, Indonesia. He was appointed as a 

lecturer in 2014 and continued his postgraduate studies in mathematics education at 

Universitas Pendidikan Indonesia. He was the best graduate at the master’s and doctoral 

levels. He is passionate about improving the quality of teaching and student learning and their 

development in schools and in higher education settings. His research interests lie in learning 

or lecture design that integrates ICT in order to optimize student competence in the 21st 

century, didactical design research, fractions, and lesson study. He can be contacted via email 

at galangisna19@gmail.com. 

  

 

Naif Mastoor Alsulami     is an associate professor and lecturer at the Curriculum 

and Instruction Department, Faculty of Education, University of Jeddah, Saudi Arabia. He 

was appointed a lecturer at Jeddah Teachers College in 2005. He obtained his Bachelor of 

Education (Mathematics) in 2004 (Saudi Arabia), his Master of Science (Mathematics 

Education) in 2009, and his Doctor of Philosophy in 2014 from Curtin University in 

Australia. His research interests include transformative research, transformative education, 

professional development, and teacher education. He can be contacted at: nsulami@uj.edu.sa. 

  

 

Sudirman     is an Associate Professor at the Master of Mathematics Education, 

Universitas Terbuka. He earned a doctorate in mathematics education at Universitas 

Pendidikan Indonesia in 2022. His research interests lie in learning geometry, technology in 

learning geometry, and ethnomathematics. Dr. Sudirman can be contacted via email at 

sudirman.official@ecampus.ut.ac.id. 

 

https://orcid.org/0000-0002-3799-3435
https://scholar.google.com/citations?user=WPaBv1cAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57483772400
https://www.webofscience.com/wos/author/record/ACW-8220-2022
https://orcid.org/0000-0002-7404-8141
https://scholar.google.com/citations?hl=id&user=Z09GwoEAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=58857143900
https://www.webofscience.com/wos/author/record/33175749
https://orcid.org/0000-0002-1696-5160
https://scholar.google.com/citations?hl=id&user=wZVa9XMAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57216949991
https://www.webofscience.com/wos/author/record/3701878

