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ABSTRACT 

There is a widespread agreement that Mathematics Pedagogical Content Knowledge (MPCK) has become 

one of the key resources for teaching mathematics effectively. This qualitative research investigates the 

existence of primary teachers’ MPCK in mathematics teaching practice on ratio and proportion. Data were 

gathered from videotaped teaching observations of three primary teachers with varying levels of 

Mathematics Content Knowledge (MCK) and MPCK as determined by a paper and pencil test. A video 

observation instrument considering the MPCK factors’ framework for teaching ratio and proportion was 

used to explore the existence of MPCK in the teachers’ teaching practices. The data were analyzed using a 

whole-to-part approach of video-based data on three components of the teachers' ratio and proportion 

teaching practices, namely, task level feature, problem-solving strategy teaching, and knowledge of 

students' conceptual understanding. Results indicate that all the components of teachers’ MPCK can be 

observed in teaching practice appropriately or inappropriately due to teachers’ different levels of MPCK 

(Good, Medium, and Low). All MPCK factors were activated by the good teacher in her teaching, which 

appropriately differs from medium and low teachers. The medium teacher needs more opportunities to learn 

about ratio and proportion task level features. The evidence leads to the opportunity to design a learning 

trajectory for in-service primary teachers that considers the integration of MPCK and MCK in balance. 
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INTRODUCTION  
The attention of mathematics education research for more than fifty years has been paid 

to teachers’ knowledge as a key resource for mathematics teaching behavior. Effective 

mathematics teaching depends on the depth of teachers’ knowledge (Fawns & Nance, 1993; 

Fenstermacher, 1989; Mewborn, 2003; Shulman, 1986).  Numerous studies revealed that teachers 

who had a thorough understanding of mathematics could use a variety of mathematical examples 

in their lessons. For instance, a teacher's understanding of the relationships between the ideas in 

a given topic has the ability to predict how well they will teach (Moliner & Alegre, 2022; 

Tchoshanov, 2011; Walshaw, 2012). In addition, teacher knowledge affects how they work with 

students in mathematics learning (Steele & Rogers, 2012).  Research on the assessment of 

Mathematics Teacher Knowledge for Teaching (MKT) has already been conducted, for example 

by Hill et al. (2008) and was later expanded to examine how it relates to teaching practice (Munter 

& Wilhelm, 2021; Melhuish et al., 2021). The MKT concept takes into account the need for 

teachers to have a great level of knowledge and skill in order to carry out the teaching. 

In terms of the mathematics used in the instrument for measuring teachers’ proficiency in 

teaching mathematics, the content was typically not particular to one curriculum area. For 
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instance, earlier studies (e.g. Porter, 2002) used a variety of mathematics topics in examining 

teachers' knowledge and teaching practice. In those studies, the content understanding of the 

teachers as well as the content for instruction lacked linearity. Therefore, it was difficult to assess 

precisely how well teachers were applying their expertise in their instruction.  Although numerous 

studies have examined teachers' instructional practices from the perspective of learning 

methodologies like problem-solving (e.g. (Anderson et al., 2005; Andrews & Xenofontos, 2015)), 

inquiry-based learning (Engeln et al., 2013; Xie et al., 2014), and realistic or contextual approach 

(Abrahamson & Zolkower, 2020; Özdemir & Soylu, 2017; Zulkardi et al., 2020), there is a lack 

of research that explores teachers’ knowledge, especially MPCK in teaching practices that focus 

on a particular area of mathematics. MPCK involves complex interactions between knowledge of 

generic pedagogy, a strong understanding of the discipline of mathematics, and a sound grasp of 

the principles of mathematics-specific pedagogy (Cheang et al., 2007). Some findings 

investigating the teaching practices covered by the framework of Teachers’ MPCK were indeed 

investigated, such as the MPCK on data handling (Leavy, 2015), rational number (Depaepe et al., 

2018), geometry (Brodie & Sanni, 2014), and ratio and proportion (Ekawati et al., 2018). 

However, there hasn't been any specific research on this topic with precise indicators that looks 

at how much teachers indicate their MPCK on ratio and proportion. More specifically, 

Glassmeyer, Brakoniecki, and Amador (2021) stated researchers still emphasize the importance 

of students' understanding of ratio and proportion, the difficulty of teaching ratio and proportion, 

and the need for further research to help teachers teach skills related to proportional reasoning to 

students. However, there has been a lot of recent study on this topic that focuses on students' 

abilities rather than cognitive processes, such as those linked to strategies and misconceptions 

(Adak & Aliustaoğlu, 2020; Im & Jitendra, 2020; Riehl & Steinthorsdottir, 2019;Jitendra et al., 

2015). For teachers, research was also carried out related to their content knowledge (Glassmeyer 

et al., 2021; Izsák & Jacobson, 2017; Weiland et al., 2021) arriving at teacher training professional 

development (e.g., (Anat et al., 2019)) related to understanding ratio and proportion topic content. 

However, research on how mathematical pedagogical abilities relate to this has not been studied 

in detail, especially in terms of the effectiveness of teaching practices connected to ratio and 

proportion teaching. This study extends the studies of Ball et al. (2008) and Ekawati et al. (2014) 

about the construct of teachers’ knowledge, especially MPCK and skills unique to teaching, on 

the topic of ratio and proportion with the scheme of vignettes on video analysis. Ekawati et al. 

(2014) described the component MPCK on ratio and proportion in their study, consisting of factor 

component Knowing students’ conceptual understanding, Ratio and Proportion Task Level 

Feature, and Teaching Problem Solving. Regarding these phenomena, the existence of MPCK 

needs to be investigated within in-service primary teachers’ teaching practices with more detailed 

indicators using video vignettes compared to relevant studies. To support the investigation, video-

based research was done to capture behavior and enable a wide range of analysis (Jacobs et al., 

2007). The scheme of vignette activity is used in the video analysis of this research. This scheme 

is recognized as a valuable way to encourage critical examination and personal reflection of their 

teachers in developing their professional knowledge (Forsythe et al., 2022). In addition, the 

vignette method in video-based research is used as a central instrument for data collection because 

of the methodological consistency that can be achieved, as it can help fulfill internal validity and 

support findings (Skilling & Stylianides, 2020). Through the video-based research, the 

mathematics' teachers' teaching behavior and its analysis could be done. Therefore, this research 

aims to investigate the MPCK of three primary teachers who have varying levels of MCK and 

MPCK in their teaching practices. 

 

METHOD 

Participants  

This study used descriptive qualitative research in which it investigated the different 

teaching behaviors of in-service primary teachers with different MPCK categories on the content 

of ratio and proportion. We chose three in-service primary teachers that had been categorized 

based on paper and pencil tests of MPCK results from our previous study (Ekawati et al., 2014). 

The three teachers were chosen because they are all senior teachers with more than ten years of 
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experience, have distinct knowledge profiles (Good, Medium, and Low), and are all of the same 

gender. The MPCK data from the paper and pencil tests was analyzed with cluster analysis as 

well as Exploratory Factor Analysis (EFA), giving the MPCK categories of Good, Medium, and 

Low. The participants of this study were three primary teachers selected from Ekawati’s (2014) 

teacher participants categorized in the groups of Good (GG), Medium (MM), and Low (LL) for 

MCK and MPCK, respectively (Ekawati et al., 2014). Without any intervention, we recorded and 

gathered each teacher's natural teaching of ratio and proportion. Two video cameras are used by 

each teacher participant to record their teaching and the students' learning during the two 

meetings. Meanwhile, three observers with observation tools watched the teaching practice.  

 

A Framework for analyzing MPCK on teaching video observation 

 The three MPCK factors resulting from Exploratory Factor Analysis on paper and pencil 

tests (Ekawati et al., 2014, 2015) were the main components for observation, such as Knowing 

students’ conceptual understanding, Ratio, and Proportion Task Level Feature, and Teaching 

Problem Solving Strategy. Thus, these three factors become aspects of the analysis of teachers’ 

teaching practices during teaching observation as well as the Mathematics Quality of Instruction 

(MQI) domain. Each aspect can be described as three possible codings, i.e., presented and 

appropriate, presented and inappropriate, and not presented. Table 1 shows the framework for 

analyzing the existence of MPCK in mathematics teaching together with the criteria for MPCK 

presentation in teaching ratio and proportion. We looked into a scenario that demonstrated MPCK 

components such as (1) Ratio and proportion task Level Feature, (2) Teaching problem solving 

strategy and (3) Knowing students’ conceptual understanding. 

When looking for the disclosed MPCK in teaching, there were two transformational paths 

available. First, the MPCK framework's criteria were applied to the teaching video in order to 

analyze the MPCK capture, and second, teaching-related observations were made. The MPCK 

factor of ratio and proportion task level feature is considered as the Mathematics Quality 

Instruction/MQI (coding related to task level feature in section III, such as task launch or can be 

interpreted as providing target task. In the Bell’s principle of the design of teaching, it accounts 

for the differentiation by individualization/flexible task and the changes of task were also 

considered as the sub-components of this first MPCK factor. Furthermore, the MPCK factor of 

teaching problem solving strategy includes teaching strategies of ratio and proportion concept, 

teachers’ problem-solving strategy, and their own pedagogical problems. We considered MQI 

components in section II (classroom work that is connected to mathematical idea or procedure) 

and intervention principle were considered and contextualized related to the teaching of ratio and 

proportion. It was referred to as a "directing proportional problem-solving strategy relating to a 

mathematical procedure or idea." In addition, a sub-factor of teaching problem-solving strategy 

that is connected to students was added: eliciting students' descriptions and explanations for the 

MQI coding component. Another sub-factor pointed to the ‘feedback’ principle to be included 

since feedback is an integral part of the process of discussion in pairs, in groups, and in the class 

as a whole (Bell, 1993). This is closely related to the interaction within the teaching process. Table 

1 shows the framework of MPCK in teaching ratio and proportion, which is and is not presented. 

If the indicator of MPCK in teaching is presented, there is a possibility of it appearing appropriate 

or not appropriate.  

Regarding the first MPCK factor (knowing the student’s conceptual understanding), that 

pertained to students’ misconceptions and thinking on ratio and proportion. Regarding this, the 

design principle of Bell (1993) on revealing misconceptions and using or addressing students’ 

errors and misconceptions was elaborated as the sub-factor for video observation. Since the 

analysis was in the form of video, we applied the type of whole-to-part of Erickson’s (2006) 

approaches to analyzing video-based data. With regards to the current references, the research 

flow is shown in Figure 1 below. 
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Figure 1 takes into account Erickson's (2006) method of analyzing video. In addition, the 

indicator of data analysis was developed from the coding log observation of three MPCK factors. 

It was necessary to carefully analyze the classification criteria for the appearance of the MPCK 

factors to analyze the teaching video described above. 

One of those three codings was given to each of the aspects of analysis based on raters' 

observations using the aspects provided in Table 1. To obtain valid and reliable data, we employed 

data source triangulation techniques by adding, modifying, and merging such codings with the 

observation data, which was not recorded by the video we obtained from some field notes (Patton, 

2002). The minimum match rate of three observer coders on the coding log observation of MPCK 

in teaching ratio and proportion was 85%, which showed a reliable observation. 

  

Exploratory Factor Analysis (Ekawati et.al, 

2014, 2015) 

1. Ratio and Proportion Task 

Level Feature 

2. Teaching Problem Solving 

Strategy 

3. Knowing students’ conceptual 

Indicator of coding log observation 

Mathematics Teaching Video of  Good, 

Medium, Low Teachers 

Reviewing the entire recorded 

interactional event as a whole 

reviewing the entire event again, stopping it, and, if necessary, 

replaying it in at major section boundaries to look for, locate, and label 

its major constituent parts 

transcribing the verbal and nonverbal listening 

reactions was carried out in step 

the analysis by focusing only on relevant analysis points and narrowing them 

down sufficient descriptive information to answer the research question 

The existence of MPCK on ratio and proportion 

Figure 1. Data collection and analysis 
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Table 1. A Framework for analyzing teaching videos concerning MPCK factor components 
Aspects Presented and Appropriate  

(PA) 

Presented and Inappropriate (PI) Not 

Presented 

(NP) 

Ratio and 

Proportion Task 

Level Feature  

The teacher launched a task that is 

mathematically appropriate and 

enables students to work productively.  

The teacher gave a flexible task to 

students in terms of number structure 

and situation presented (i.e., gave a 

different task to a different group of 

students). 

The teacher made the change to the 

task difficulty level regarding the 

number structures and situation 

presented (i.e., the task contains 

hierarchical number structures; 

Situation was changed from ratio as 

comparing quantity to situation with 

geometrical properties). 

The teacher did not make any 

changes to the structures of the task 

(i.e., number structures and 

situation).  

The tasks presented used 

inappropriate number structures and 

situations.  

The students were disabled to work 

productively with the task given due 

to a lot of intervention from teachers.  

The tasks discussed were not a 

proportional problem.  

The task has a simple number 

structure, but there was no 

discussion or intention to include a 

multiplicative relation.  

 

Teaching Problem 

Solving strategy  

The teacher guided and shared a 

unitary method with students for a 

proportional problem.  

The teacher guided students to 

understand several problem-solving 

strategies instead of directly sharing 

the strategy (i.e., discussing cross 

multiplication strategy, equivalence 

fractions, etc.).  

The teacher gave the students an 

opportunity to explore the solution to 

the proportional problem with their 

strategy.  

The teacher guided students to check 

their solutions and answers.  

The teacher shared guided questions 

when they had misconceptions about 

solving a proportional problem.  

The teacher guided students' 

misconceptions by reminding them of 

the previous lesson related to the 

problem.  

The teacher asked about the steps they 

used.  

The teacher asked “why” questions 

that contribute to building good 

explanations. 

The teacher shared the formula to be 

memorized by the students.  

The teacher did not elicit the 

students' descriptions.  

There was no feedback given to 

students when they shared errors.  

If students shared errors, the teacher 

directly shared her/his evaluation by 

stating it was wrong.  

 

 

Knowing students’ 

conceptual 

understanding 

The teacher posed a task or question 

that was possible for students to have 

misconceptions about (i.e., number 

structure arranged for possible 

addition strategy to a proportional 

problem).  

The teacher asked a question that had 

more than one answer for the students.  

The teacher responded to, used, or 

otherwise addressed student errors.  

The teacher discussed students' errors 

with the whole class.  

There was no specific support for 

students to be aware of 

misconceptions. 

The teacher did not respond to the 

students' questions.  

The teacher addressed the students’ 

errors with pointed errors.  

The teacher gave hints to the 

students’ errors by directly stating 

the formula without underlining the 

reasons.  

The teacher missed the point of the 

students' errors.  
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FINDINGS AND DISCUSSION  

Findings 

Three observers examined the data from observation and video vignettes. Regarding the 

coding log observation, the numbers of observation cells were accumulated for all teaching stages 

and described in each factor. There are 132 cell, codes used for exploring MPCK in teaching. The 

observers made several codes in the 132 cells, and we searched for the inter-rater agreement of 

the three observers. The summary of inter-rater agreement of three observers in coding log 

observations was described in Table 2. 

 

Table 2. Coding Observation of MPCK 
MPCK Factors GG-O1 GG-O2 GG-O3 MM-O1 MM-O2 MM-O3 LL-O1 LL-O2 LL-O3 

Ratio and Proportion 

Task Level Feature 

88.64% 93.18% 100% 95.45% 95.45% 95.45% 90.91% 88.64% 95.45% 

Teaching Problem 

Solving Strategy 

85.42% 93.75% 91.67% 90.90% 91.67% 85.42% 85.42% 85.42% 91.67% 

Knowing Students' 

conceptual 

Understanding 

87.5% 95% 92.5% 95% 85% 85% 90% 85% 85% 

 

The percentage of inter-rater agreement of video observation indicated a reliable 

observation result since the minimum acceptable reliability averaging across coders was 85%. 

However, there are several disagreements in the MPCK Knowing students' conceptual 

Understanding.The second pilot coder stated that it needed a clearer explanation of the problem-

solving strategy such as the unitary method, cross multiplication, and giving formula. Therefore, 

it would be considered in the observations of three teachers. Furthermore, the observer discussed 

the disagreement components and finally reached and agreement. 

 

The potential for the realization of MPCK in good teacher’s (GG) teaching 

In the video vignettes of the first meeting, we found several findings about MPCK factor 

components. Three natural ratio and proportion meetings of GG were analyzed. To illustrate the 

use of ratio, GG provided a context of sharing watermelon and drawing a circle to be divided and 

shared into 6 people so that the first ratio number structure that students grabbed was 1: 6. She 

used ratio to compare quantities, showing three board markers and three rulers and asking a 

question about the ratio of the number of the ruler to all of the rulers and board markers. She 

pointed out the number of the ruler was three and the whole was six and formulated a ratio of 3: 

6. In addition, there were some non-integer multiple number structures resulting from the 

students’ data on the number of boys and girls, such as the ratio of boys to all students in group 

AB and the ratio of girls to all students in group AB were 2/11 and 9/11, respectively. There was 

an error made by a group of students in determining the ratio of boys to girls in group AB. GG 

used this error for discussion and asked all students to explore why that group showed a different 

result. There was a verbal negotiation in the discussion between the teachers and students to get 

the correct answer. Afterward, GG shared another proportion problem involving boys and girls 

students and doubling number structure: "Given the total number of students is 30 students, and 

the ratio of boys to girls is 2: 4. How many boys and girls? GG guided students posited the ratio 

for boys was 2 in the numerator over the ratio of all students (here was 6) in the denominator 

multiplied by 30. Afterward, one of the students found the correct number of girls. We explored 

scenes that revealed MPCK factors such as ratio and proportion task level feature, teaching 

problem-solving strategy and knowing students' conceptual understanding. The connection to the 

number structures utilized in that task was underlined when referring to the MPCK factor of "ratio 

and percentage task level feature." In the second meeting, GG gave an illustration of scale 
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on the map and explained that if students know the distance between two cities on the map, they 

might be curious about the real distance between those two cities. Then, she continued by 

providing a measurement context with a ruler. GG demonstrated measuring a board marker with 

a ruler and explained to students that if they wanted to draw it on the small paper, they needed a 

scale such as 1: 200. Furthermore, GG discussed the meaning of that scale by challenging students 

to express what it means by 1:200 or how to read that scale number. Through discussion with 

students, GG formulated a function of scale that could be used to find the real distance or size. 

Furthermore, she explained how to find the real distance if given the scale and distance on the 

map by giving the students an opportunity to learn the essence of the scale used. For example, 

GG stated 'We already discussed the meaning of the scale, and we see that since the real distance 

was longer than on the map, the way to find the real distance is by multiplying the scale and the 

size of the map. And you can find the size on the map by the real distance divided by the scale." 

GG did not consider working with big integer multiple number structures but tended to challenge 

students with an easy integer multiple number structure.  

A table was presented in the worksheet and students were asked to measure things nearby 

them, such as a book, pencil, and pen. The data would be submitted to the table and given some 

scale, such as 1: 4, 1: 5, and 1:10.  

 

Figure 2. Students’ worksheet 

 

In the third meeting, GG focused on the proportional problem. She gave a clear illustration. 

GG showed a cake she brought and mentioned that it would be shared with three people. She 

asked how many parts each person got, and the students answered that it was 1/3. The next 

question is how many cakes were needed for six people? GG addressed this kind of problem and 

elaborated on it in that day's lesson. Students answered that it needed two cakes. GG continued 

by explaining the mathematics model to find that solution and wrote 
1 𝑘𝑢𝑒

3 𝑎𝑛𝑎𝑘
=

?

6 𝑎𝑛𝑎𝑘
  and pointed 

out the verbal mathematics of ‘for every one cake is for 3 people, then for 6 people, how many 

cakes are needed?’ She challenged students to share their strategies. Two students shared different 

strategies, such as one student considered equivalence fractions and another shared a cross 

multiplication strategy. Instead of giving feedback directly to two different strategies, GG tends 

to share other proportional problems with non-integer multiple number structures within the 

context of time spent reading textbooks related to the number of pages. The problem was that 

"Mrs. GG has a book with 30 pages that could be read within 2 days. If Mrs. GG read that book 

for 3 days, how many pages can Mrs. GG read?” Another student shared her solution to this 

problem with the cross-multiplication strategy. Furthermore, GG led a discussion on the use of 

equivalence fraction to solve the problem that pointed to the non-integer multiplier. 

GG: I have another problem. A thirty-page book could be read within 2 days. How many pages 

does Mrs. GG read if she has 3 days? What would you say if I used this strategy (refer to the 

equivalence fraction strategy)?  

Students: It is more difficult.  

GG: Yes, it is more difficult since the multiplier is non-integer or in the form of a fraction. 
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The way the GG teacher gave responses to two different students' strategies showed her 

appropriate feedback and evaluation to help students become aware of the differences. Besides, 

another event in the example stage of Meeting 3, the GG teacher intended to share the precise use 

of the language of the unit to solve the proportional problem. The use of "for every" phrase stated 

by the teacher could be interpreted that she was guiding the students to a unitary strategy. In the 

context of enlarging rectangular figures, GG continued to give another proportional problem. 

Students found the context of enlargement to be more challenging because they needed to apply 

multiplicative reasoning to figures of a similar size. Figure 3 illustrates how one student 

successfully responded to the first problem while another student made the same error when 

solving the second one. 

 
Figure 3. Students perform the problem solution on a whiteboard 

 

From the exploration of MPCK in the GG teacher’s teaching, it could be summarized that 

all MPCK factors were presented appropriately in her teaching as modeled in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Model of realization of MPCK in GG teaching 

 

 

The potential for realization of MPCK in medium teacher’s (MM) teaching 

 In the first meeting, MM opened the lesson by reminding students about the previous 

lesson learned. She tried to check students’ understanding of the addition of fraction operations 

by giving a problem on the blackboard ½ + 2/4. In showing the solution, there was a semi 

monologue between MM and her students. Students need to make the common denominator by 

finding the least common multiple of the denominator. Afterward, MM explained the aim of the 

lesson on that day: (1) Students could read the ratio and proportion correctly. For example, the 

fraction of 12 could be read as ‘one over two’ or ‘one to two’; (2) Students could write the ratio 

and proportion correctly. She mentioned that there were many applications of ratio and proportion 

Ratio and 

Proportion Task 

Level Feature 

Teaching of 

Problem Solving 

Strategy 

Knowing students’ 

conceptual 

understanding 

PA 

PI 

NP 
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in daily life. MM shared different contexts of ratio as a comparison quantity, such as the ratio of 

books and pens. Students could answer properly that the ratio of book to pen that MM showed 

was 5 to 4. She highlighted that students need to pay attention to what is mentioned first—It 

should be in the upper part or written first, and it should not be inverted.  

There were four problems given to students. The three problems were about representing 

the ratio of boys and girls, the ratio of the triangle to rectangle given, and the ratio of students 

following school activities (i.e., volleyball and scouts) with a non-integer multiplier number 

structure such as 9: 6, 9:15, and 6:15. Another problem was the proportional problem with money: 

“The ratio of money between Ana and Yuli = 2:3. The amount of Yuli’s money is IDR75,000,-. 

How much is Ana’s money?”. Some students raised a question about the solution's strategy for 

proportional problems, and MM came to them to guide them individually. From the teaching  

video scene, it could be observed that the teacher took most of the intervention in teaching, so 

that it’s a lack of students productively working on the problem. The students’ intention to work 

on the problems was to apply formulas to solve them.  

In the second meeting, MM pointed out that the ratio is the simplest form of a fraction. She 

described the symbolization of ratio within the fractional form written with a division sign. She 

performed brief monologues that stated the simplest form of the fraction and constantly reminded 

students of the value of simplifying fractions. 

Afterward, MM gave a scale problem, “The distance from Sidowungu to Kedurus is 10 km. 

It was drawn on 2 cm paper. What scale that is used? “. To answer that problem, MM shared the 

formula for finding the scale (See figure 4). She also intended to tell the manipulative of the scale. 

It was done by small number division such as assuming the scale was 3 and the distance on the 

map was 6. Therefore, the real distance should be 2. From the assumed number, MM guided 

students to find the 6 was from 2 times 3. This is implied in the second formula, finding the 

distance of map = scale x the real distance. 

In the students’ work time stage, MM started by posing two-scale problems on the board 

and asked students to share their findings. One problem was about finding the scale, and another 

one was about finding the real size of pictures given the scale and the size on the map. 

 

Figure 5. Student solution to a scale problem 

 

From the scene, MM tried to interrupt the student when he wrote his result. Directly, MM 

asked to change the scale into the fractional form and always reminded students to change the 

measurement unit from centimeter to meter. Figure 6 demonstrates these findings.  

 In the third meeting, MM shared a proportion problem: “the ratio of red marbles to yellow 

marbles is 2 : 3. If the number of red marbles is 20 pieces, how many do the yellow marbles 

have?” Students were asked to read aloud the problem. MM reminds students about the rule of 

solving proportional problems, such as “the number of ratio of what is being asked should be 

posited in the upper part (numerator). As problem number 1, it asked for the red one, so the ratio 

of the red should be in the upper part of the green one.” 
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Figure 6. Model of realization of MPCK in MM teaching 

 

The potential for the realization of MPCK in low teacher’s (LL) teaching 

As to other teachers in this study, three MPCK factors were also explored in LL’s 

classroom. In the first meeting, LL started the lesson by motivating students to learn mathematics 

that is applied in daily life. LL shared a question: "What is a ratio?" A student stated that a ratio 

is the simple form of a fraction. To illustrate, she wrote a fraction 4/7 and explained that a fraction 

could be regarded as a ratio of 4: 7. Another fraction she shared was 5/750, which could be 

interpreted in the ratio form of 5: 750.  

In the example stage of LL’s teaching, she considered giving some examples of the 

proportional problem. She had a problem with buying in a grocery store as when Toni was asked 

by his mother to buy rice. The price for 5 kg of rice is Rp. 30.000,- and the mother asked to buy 

8 kg of rice. How much money does he need to bring to the store? She explained the solution and 

asked students about the calculation. LL also explained the equivalence fraction strategy to solve 

the proportional problem. She wrote 5/ 8 = b/40. To get b, LL shared the need to find the 

multiplicative factor for the numerator and denominator. For instance, the denominator is 

multiplied by 5 to range from 8 to 40, while the numerator is multiplied by 5 to equal 25. 

In the students’ work time stage, LL gave three proportional problems. She divided students 

into four groups to discuss the solution. The first problem she shared for students to work on was 

“Ira’s age is 40 years old. The ratio of Ira and Ira’s father is 2 :3. What is Ira’s father’s age?”.  

“Student 1: sixty” 

“LL: We could take half of Ira's age and add it to Ira's age because Ayah is older than Ira.” 

Furthermore, there is a video vignette in which LL gives a problem to the student: " Ega's 

money = 3/7 Yoga’s money. Yoga’s money is Rp. 14000,-. How much is Ega’s money?”. 

One student raised her hand and was willing to share her solution. She made an error by adding 

the ratio, and putting it as the numerator, as shown in the figure below. 
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Ega's money: Yoga's money = 3:7 =10 

Ega’s money = 
3

10
 𝑥 𝑅𝑝. 14.000 = 𝑅𝑝. 42.000, − 

 

 

Figure 7. LL and her students show the wrong solution 

 

LL did not realize that the problem should not be solved by adding the ratio as she 

mentioned before. In the next meeting, LL explained about scale. She always mentioned that 

students needed to memorize the formula and it would be easy for them to solve scale problems. 

 

 
Figure 8. Formula related to scale 

 

LL shared more examples of the scale, such as on the map, the size would be in centimeters, 

for example, 1 cm, and the real size could be 100 meters or maybe in kilometers. During the 

students’ work time, LL shared a scale problem for students to work out. “The length of the 

railway from Surabaya to Kediri on the map is 18 cm. The scale on the map is 1: 450000. What 

is the real length of the railway? When students worked on that problem, LL reminded them of 

the formula she shared. She pointed out that it would be easier for students if they could remember 

all the formulas to apply. The illustration above showed the MPCK factor of ratio and proportion 

task level feature which was presented inappropriately since the target task was not enabling the 

student to work productively. The phenomena of exploring the MPCK in teaching is represented 

in Figure 9. 
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Figure 9. Model of realization of MPCK in LL teaching 

 

DISCUSSION 
The activation of MPCK in teaching ratio and proportion 

This part discusses the different teachers with different levels of knowledge and 

performance in teaching practice. In practice, MCK, MPCK, and their relationships were 

dynamically explored and captured. Through teaching, the three participating teachers' MCK and 

MPCK may be captured. The interrelation of MCK and MPCK was observed in some teaching 

stages in good teacher (GG). Teachers with better MCK and MPCK knowledge show their 

knowledge’s existence and appropriateness. This finding is in line with Kahan, Cooper, and 

Bethea (2003) and Yang et al. (2020), who share that strong Mathematics Knowledge becomes a 

factor in recognizing and seizing teachable moments.  A good teacher might be able to read the 

teaching material comprehensively, and she/he might not just deliver the teaching material 

directly to students. This study's results valued and confirmed the translation of the dynamical 

relation of knowledge. It reflects that good teachers create a more active environment for students’ 

learning by elaborating MCK and MPCK within their teaching, which then affects students’ and 

teachers' interaction in the teaching environment. This finding can contribute to the study of 

Jordan et al. (2010) that found a positive relationship between teachers' pedagogical content 

knowledge and the quality of teacher-student interaction around the Mathematics task. To be more 

specific, the intertwinement relation finding in this study regards four components, such as 

providing task features regarding students' cognitive development, giving motivation to learning 

with a demanding systematic skills strategy, encouraging students to be aware of misconceptions 

by identifying different alternative solutions, and matching feedback to students' thinking with 

regards to mathematics connection. These elements stand in for student sensitivity and 

mathematical challenges in Jawroski's teaching triad (2002). Based on qualitative video analysis 

on  the medium teacher, the teacher presented potential MPCK factors in her teaching, though the 

tendency of this teacher's teaching was to present a formula to be applied algorithmically to the 

student. The medium teacher directed students to find the solution to ratio and proportion 

problems with the rules as presented in the textbook, and less interaction between teachers and 

students happened. A similar situation appears in the study of Ross et al. (2003) which they used 

the term 'low reform teachers' who shared the activities of the textbook frequently but transformed 

them in subtle ways so that traditional practices were maintained. This finding corresponds the 

claims that many teachers merely use the textbook as an activity book (Lepik et al., 2015; Van 

Den Ham & Heinze, 2018), which frequently dominates their teaching practices (Pansell & 

Bjorklund Boistrup, 2018; Khalil, 2021). As a result, the students are unable to properly utilize 

the book as a versatile learning tool. These demonstrate that for many teachers, a textbook plays 

a crucial part in teaching mathematics. 
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In addition, in the case of the low teacher, she could perform the potential MPCK factor 

of teaching problem-solving strategy factor as a good teacher. To be more specific, she presented 

an appropriate primitive strategy for solving the proportional problem that is suitable for the 

primary level. This performance could not be found in teachers with a higher level of knowledge 

(i.e., medium teacher). It showed that even low-performance teachers based on paper and pencil 

tests could identify a good problem-solving strategy for the primary level in the classroom. From 

this phenomenon, it could be interpreted that teaching practice was not only dependent on the 

knowledge that a teacher had. It might also be affected by teachers' professional backgrounds 

(Graham et al, 2020; Podolsky et al, 2019) and sources that they used (Van Zanten & van den 

Heuvel-Panhuizen, 2018). Furthermore, compared to Medium and Good teachers, Low teachers 

had more inappropriate potential MPCK in practice.These findings supported Gamayao & Jr. 

(2021) which highlight the significant relationship between pedagogical content knowledge and 

teaching competence.  Besides the teachers' knowledge that could be observed in the teaching 

practice as foregrounded in this study, it is also possible to explore knowledge that inhibited or 

could not be observed in teaching practice, such as those that are regarded as knowledge for 

practice and knowledge of the practice of Cohran & Lytle (1999). 

The findings of this study also imply that professional development curricula should 

promote teachers' use of MPCK and MCK. In this regard, certain initiatives have been made to 

raise teachers' MPCK and MCK levels as well as to aid in the development of their teaching 

practices. According to several studies, teachers' participation in learning trajectory-based 

professional development has a considerable impact on their mathematical expertise for teaching 

(Sarama et al., 2016; Wilson et al., 2014). According to this study, when creating a professional 

development (PD) program, a designer should prioritize teaching problem-solving strategies, 

recognizing students' conceptual understanding, and task level features.  Teachers in such a PD 

should also develop their skills in constructing learning trajectories that may be included in their 

teaching practices, in addition to having a solid understanding of MCK and MPCK. . In this case, 

Wilson et al. (2014) exemplify that in constructing a learning trajectory for specific content, a 

teacher may use their knowledge of instructional design to support learners' cognitive 

development along the trajectory they designed to aid students' voices in developing into 

mathematical viewpoints. 

 

CONCLUSION 

 The study demonstrates the existence of MPCK within the teachers’ natural mathematics 

instruction. Regarding the potential of MPCK factors, there are three different direct 

transformations of MPCK into mathematics teaching practice (Good, Medium, and Low 

teachers). All MPCK factors were activated by the good teacher in her teaching, which 

appropriately differs from the medium and low teacher. The medium teacher needs more 

opportunities to learn about ratio and proportion task level features as well as teaching problem-

solving strategies. Furthermore, the low teacher should connect and enhance her MCK and MPCK 

on the content of ratio and proportion. It showed that Mathematics Pedagogical Content 

Knowledge (MPCK) is very essential for mathematics teaching and students’ learning process. 

This has implications for future mathematics teacher education, which gives the teachers the 

opportunity to learn both mathematics content and mathematics pedagogy in balanced and 

integrated courses. 
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