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Abstract. The mathematical understanding ability is one of the most important things in mathematics. It is because 

the mathematical understanding ability is a prerequisite for someone to have other mathematical skills. Therefore, the 

research was aimed to know the student’s ability in mathematics understanding especially on derivatives definition 

and how it is formed. This research used descriptive and qualitative method to collect the information as detail as about 

student’s mathematical understanding ability. The participants were 8 students of mathematics education of Sanata 

Dharma University. They will be divided into 4 groups. Written test and unstructured interview are used to the 

collecting research data. For the data analysis technique, the researcher had three steps. They were data reduction, data 

presentation and drawing conclusions. Those steps will be used to answer the research problem formulation. After 

collecting the research data, the researcher concluded that the groups were good in mathematical understanding ability 

especially on derivatives definition. It was based on Group 1 and Group 3 have filled all indicators and Group 2 and 

Group 4 have filled two indicators. 
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INTRODUCTION 

 

In the process of mathematics learning, the students are expected to have an understanding about mathematics 

concept, explaining the connection of the concepts and applying the concept in problem solving flexibly, 

accurately, efficiently and appropriately. [1] Also mentioned that the mathematical understanding ability is one 

of the most important aspect in the principle of learning of mathematics.  

The mathematical understanding ability is very important for the students, because it is a prerequisite for 

someone to have the ability to solve the problems of mathematics, when someone learns about mathematics to 

understand the concepts, then that is the time for that person to begins to have another skills of mathematics, one 

of them is the ability to solve the mathematical problems [2]. It is suit with sumarno’s opinion [2] that 

mathematical understanding ability is important because it is needed to solve mathematics problem, problems 

with other disciplines, and problems in our daily life, which is the vision for development learning of mathematics 

to fulfill the necessaries of this time. 

Understanding defined as the absorption of the meaning of a material being studied. Alfeld [2], said that 

understanding of mathematics can be done through as follow: 

a. Describe the mathematical concepts and facts in the form of simpler concepts and facts, 

b. They can easily make a logical connection between facts and concepts, 

c. When encountering a new concept (either inside or outside of the mathematical concept) then they can 

recognize its association with concepts that they have been understood, 

d. They able to identify that the principles of mathematics are relate to the real world. 

The above explanations would like to show that the mathematical understanding ability  is need to be owned 

and developed by each student, considering the importance of mathematical understanding ability to possessed  in 

order to achieve the mathematics learning objectives.  

In the fact, the student's mathematical ability was not good enough. It can be seen from the results of the 

observations, interviews and preliminary tests that researchers did. When the observation was running, the 

researcher observed every detail about learning process. Class C of Calculus Differential class is a class that the 

mailto:Chintya.kurniawan25@gmail.com
mailto:hongkiJulie@yahoo.co.id


5th ICRIEMS Proceedings 
Published by Faculty Of Mathematics And Natural Sciences  
Yogyakarta State University, ISBN 978-602-74529-3-0 
 

ME-364 

researcher used to do an observation. When the lecturer gave some questions in the formal form of mathematics, 

some students were unable to solve the questions. In the other hand, when the lecturer gave the students some of 

math problems in common language, many students are unable to solve that problem. 

From the interview that the researcher did with a lecturer, the lecturer said that the students had trouble on the 

application of derived material. When the researcher interviewed some students about their difficulty on the 

application of derived material, some of the students said that they actually did not understand about the material 

that they had previously learned (concepts of derived and limits). The other students said that they were unable to 

use the definition of derived to differentiate the function. Moreover, some students said that they confused how 

to start it.  

From the results of the observations and interviews, the researcher decided to do the preliminary tests about 

the concepts of derivatives. It will be used to check the student's mathematical understanding ability. The 

preliminary test that the researcher mentioned as follow: 

"A skier slid across on the wavy ice surface. He slid down and then climbed up the curve of the ice surface so 

that at the some points, he flied into the air and came back down to the surface. Analytically, suppose that the ice 

hill is sketched in a two-dimensional plane with a perpendicular angle of view so that there are lines and skis is 

a straight line. 

1. Make a representation of the above problem? 

2. If Q is the position of the skier while sliding and P is the position of the skier when flying in the air. What 

would be happened if Q moved getting closer to P? " 

From the preliminary test, the students drew a graph to represented the iceberg that passed by the skater. Some 

of them also wrote "when the point Q approaches the point P then the distance is become closer". When they 

wrote it, they did not draw any conclusions on their answers. So, the researcher suspected that they were not able 

to relate the material of mathematics case, they were not able to relate it to the concept of a limit that is closely to 

the derivative definition. Therefore, it indicates that the students still do not understand about the concept of 

derivatives or it can be said that the students understanding ability on the concept of derivatives is still low. 

The mathematical understanding of both complex and uncomplicated concepts will be easily understood by 

students if they are given the opportunity to obtain the examples concrete that they have known. Moreover, in 

their learning process they should be given the opportunity to be proactively involved directly in rediscovering 

mathematical concepts, as well as practicing them to solve the problems from the situations and conditions that 

given to them. 

One of the alternatives that can be used to study concept of derivatives is by applying the approach of realistic 

mathematics education (RME). In RME's learning process, this approach involves a real-world context or 

something that can be observed as well as envisioned by learners. Learning by relating mathematics with real life 

will indeed be more meaningful and fun because according to Van den Heuvel-Panhuizen [3] when a child learns 

mathematics apart from their daily experiences then the child will quickly forget and can’t apply math both in 

other sciences as well as in everyday life. 

From the problem above, the researcher want to know the mathematical understanding ability of the 

mathematics education students of Sanata Dharma University Yogyakarta when applied the approach of realistic 

mathematics education. 

RESEARCH METHOD 

The research method that the researcher used in this research is descriptive and qualitative method because in 

this research the researcher describes the mathematical understanding ability of students of mathematics 

education. The participants of this research were 8 students of mathematics education at Sanata Dharma University 

Yogyakarta and the object of this research was the students' mathematical understanding ability. The instrument 

that used in this research were written test and unstructured interview. The results that obtained from this 

instrument must be processed. First done the data reduction, after the data is completed to reduced then do the 

next step is presentation of data, after the data was presented and the last step is the conclusion of the analysis. 

The conclusions based on the results of the analysis to answer the formulation of the problems that have been 

presented. The written test that the researcher used in this study as follows: 

 

 

 

 

“PROBLEM” 

1. Draw a graph with a function𝑓(𝑥) = 𝑥2.  

 

2. Determine 2 points of along the graph, give the name point P and point Q, then drag a 

straight line through both points. 

 

3. In mathematically, if one of the point moves approach to another point, what will happen? 

 



5th ICRIEMS Proceedings 
Published by Faculty Of Mathematics And Natural Sciences  
Yogyakarta State University, ISBN 978-602-74529-3-0 
 

ME-365 

 

When entering the class, the researcher begins the learning activity by praying, the researcher asks one of the 

students to lead the prayer. After praying, the researcher delivered the learning objectives and gives little ideas of 

the learning process that will be implemented. The researcher also explain briefly about RME. After that, the 

researcher divided the students into 4 groups, each group consist of 2 students. The next step, the researcher given 

the groups a problem and asked them to solve that problem. When the problem was given, some groups directly 

discussing with their friend at the same group. In learning process, the researcher goes around to check the work 

of each group, if there are difficulties, the researcher guide them by providing support. When learning process, 

students look active and do not hesitate to ask, so that the learning process runs smoothly. When the time is over, 

the researcher ask them to collect the results of their group work. To closing the learning process, the students and 

the researcher draw conclusions from the process or dynamics that have been done.  

The following data is the result of analysis from 4 groups. The groups are group 1, group 2, group 3 and group 

4: 

Group 1 

 Describe the mathematical concepts and facts in the form of simpler concepts and facts 

When Group 1 was reading the problem that is given, they looked at each other. 

Group 1 made a representation of the problem with images and mathematical symbols. They drew a graph 

of the function 𝑓(𝑥) = 𝑥2 and PQ line as the tangent. 

Then, Group 1 was also made dots and named it. After that, Group 1 wrote the equation of the tangent 

equation.  See Figures (a) and (b). 

 

 

 

 

 

 

 

(a) (b) 

On figure (b), appears that Group 1 wrote mPQ. Then, the transcript of interviews between the researcher 

and Group 1 as follows: 

 Researcher : Why do you use the equation formula of tangent? 

 Group 1 : Yes, it is because the point Q that moved getting closer into point P, so if the distance of 

them getting closer then they look as a tangent line. 

Based on the analysis from the answers and interviews it can be concluded that Group 1 meets the 

mathematical indicators and facts in the form of simpler concepts and facts. 

 

 They can easily make a logical connection between facts and concepts 

Besides of interviews, there are some other facts that indicate that Group 1 easily makes the connection 

between facts and concepts. This is seen on their worksheets, every step that they want to do, they added 

with the explanation why they do that step. You can see figure (c). 

 

 
(c) 

Transcript of the interview: 
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 Researcher : Why do you use the equation formula of tangent? 

 Group 1 : Yes, it is because the point Q that moved getting closer into point P, so if the distance of 

them getting closer then they look as a tangent line. 

Based on the analysis of the answers and interviews, the researcher concluded that the information that 

they added in each steps that they performed indicate that Group 1 is able to make a logical connection 

between facts and concepts. 

 

 When encountering a new concept (either inside or outside of the mathematical concept) then they 

can recognize its association with concepts that they have been understood 

Group 1 represented the problem by drew a graph accompanied by a mathematical symbol to provide 

information. Group 1 applied the equation of tangent, then simplify the equations with ordinary algebra. 

After that, Group 1 used the limit. For the reason, they also include it on the answer sheet as can be seen 

in Figure (d). 

 

 
(d) 

Based on the above description, the researcher concluded that Group 1 fulfilled the third indicator that is 

when encountered a new concept, they can recognize its relation with concept that they already understood. 

 

Group 2 

 Describe the mathematical concepts and facts in the form of simpler concepts and facts 

When Group 2 was reading the problem that is given, they looked at each other. Group 2 made a 

representation of the problem with images and mathematical symbols. They drew a graph of the function 

𝑓(𝑥) = 𝑥2 and PQ line as the tangent.  

Then, Group 2 was also made dots and named it. After that, Group 2 wrote the equation of the tangent 

equation.  You can see Figures (e) and (f). 

 

 

 

 

 

 

 

 

(e) (f) 

Then, beside on transcript of the interview: 

 Researcher : Why do you use the equation formula of tangent? 

 Group 2 : It is because if h getting smaller, then the line will be offensive to the graph. 

Based on the analysis from the answers and interviews it can be concluded that Group 2 meets the 

mathematical indicators and facts in the form of simpler concepts and facts. 
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 They can easily make a logical connection between facts and concepts 

Result of the interview: 

 Researcher : Why do you use the equation formula of tangent? 

 Group 2 : It is because if h getting smaller, then the line will be offensive to the graph. 

 
(g) 

However, in the figure (g), it shows that Group 2 wrote "definition of derived 
𝑓(𝑥+∆𝑥)−𝑓(𝑥)

∆𝑥
” they wrote 

without added lim
∆𝑥→0

so the researcher concluded that Group 2, unable to make connections.Then, because 

of the limited time, the Group 2 only works until they find that ℎ = ∆𝑥 so it does not answered the problem. 

 

 When encountering a new concept (either inside or outside of the mathematical concept) then they 

can recognize its association with concepts that they have been understood 

Group 2 were able to give the reason why they used the tangent equation. But they still think long to answer 

whether h and ∆𝑥 are same? Moreover, they have not yet arrived at the process of answering the problem. 

This researcher suspect Group 2 has not familiar to knew connection between the new concept and the old 

concept. Some of them was able to connecting. From the description, the researcher concluded that Group 

2 has not meet the indicator when meeting a new concept, he can recognize the relationship with the 

concept that they already understood. 

 

Group 3 

 Describe the mathematical concepts and facts in the form of simpler concepts and facts 

Group 3 made a representation of the problem with images and mathematical symbols. They drew a graph 

of the function 𝑓(𝑥) = 𝑥2and PQ line as the tangent. Then, Group 3 was also made dots and named it. 

After that, Group 3 wrote the equation of the tangent equation. You can see figures (h) and (i). 

 

 

 
(h) (i) 

 

Based on the transcript of the interview: 

 Researcher : Why do you use the equation formula of tangent? 

 Group 3 : Because it is form like a line. 

 Researcher : What is the definition of tangent? 

 Group 3 : Definition of the tangent is a line that offend the curve exactly at one point. 

 Researcher : So what is relate with your answer? 

 Group 3 : The relate of our answer is, on our answer P move getting closer to Q then h is getting 

smaller, if h continue to be minimized then h become closer to 0 over time later it so right 

at one point that is in Q. 

Based on the analysis from the answers and interviews it can be concluded that Group 3 meets the 

mathematical indicators and facts in the form of simpler concepts and facts. 

 

 They can easily make a logical connection between facts and concepts 

In Figure (j) it can be seen that Group 3 wrote the definition of derived lim
ℎ→0

𝑓(𝑥+ℎ)−𝑓(𝑥)

ℎ
when the researcher 

asked “Why do you use the limit? ”, Group 3 replied "Because we assumed h getting smaller and closer to 

0". 
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(j) 

Based on the analysis of the answer and interview, the researcher concluded that the information that they 

added in each step that they performed indicate that Group 3 is able to make a logical connection. 

 

 When encountering a new concept (either inside or outside of the mathematical concept) then they 

can recognize its association with concepts that they have been understood 

Group 3 was able to recognizing the interrelationship between the concepts that they already knew and the 

concepts that they will seek, so that it makes it easy for Group 3 to solve the problem. 

 

Group 4 

  

(k) (l) 

 Describe the mathematical concepts and facts in the form of simpler concepts and facts 

Group 4 made a representation of the problem with drew a graph of the function 𝑓(𝑥) = 𝑥2and 

mathematical symbols to describe the tangent equation. Then they applied the equation of tangent equation. 

But when the researcher asked the reason, they answer it wrong. Until the researcher decided to give some 

support, and then they able to answer correctly. The transcript of the interview between the researcher and 

Group 4: 

 Researcher : Why do you use the equation formula of tangent? 

 Group 4 : I don’t know. Because it is a straight line maybe. 

 Researcher : What is the definition of tangent? 

 Group 4 : Definition of the tangent is a line that offend the curve. 

 Researcher : Offend the curve how is it? 

 Group 4 : Offennd the curve right at one point. 

 In this section, the researcher should provide some support to Group 4. 

 Researcher : So what is relate with your answer? 

 Group 4 : Mmmmmm .... If h is getting smaller then it will be one point that is at the point Q 

 

 They can easily make a logical connection between facts and concepts 

Overall Group 4 is already proficient to make a logical connection between facts and concepts even though 

they still require a bit of support. Beside, when they are responding to the support that given by the 

researcher they answered it with great hesitation. When the researcher asked them "Why do you use limit?" 
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the Group 4 answered "Because h was getting smaller, then h getting closer to 0 if P moved closer to Q" 

besides of that, the researcher also asked the reason why they wrote the process like in the figure (l), and 

they replied "We really want to showed that the line of the gradient is the same as the definition of 

derivative". 

 

 When encountering a new concept (either inside or outside of the mathematical concept) then they 

can recognize its association with concepts that they have been understood 

When Group 4 was working, they often looking at Group 3's worksheet. So they have knowing that they 

have to use tangents but they did not know what the reason So, the researcher decided to ask them some 

questions about their reason why they used tangents. It was write as below: 

 Researcher : Why do you use the equation formula of tangent? 

 Group 4 : I don’t know. Because it is a straight line maybe. 

 Researcher : What is the definition of tangent? 

 Group 4 : Definition of the tangent is a line that offend the curve. 

 Researcher : Offend the curve how is it? 

 Group 4 : Offennd the curve right at one point. 

 In this section, the researcher should provide some support to Group 4. 

 Researcher : So what is relate with your answer? 

 Group 4 : Mmmmmm .... If h is getting smaller then it will be one point that is at the point Q 

Based on the analysis from the answers and interviews it can be concluded that Group 4 is not good enough 

to recognizing relate between concepts and facts. 

 

CONCLUSION 

 

As described before, that Alfeld [2], said that understanding mathematics can be done by through four things. 

However, in this research the researcher used only three of all indicators as follows: 

a. Describe the mathematical concepts and facts in the form of simpler concepts and facts, 

b. They can easily make a logical connection between facts and concepts, 

c. When encountering a new concept (either inside or outside of the mathematical concept) then they can 

recognize its association with concepts that they have been understood. 

From the results and discussion above, it can be conclude that for indicator a, Group 1, Group 2, Group 3 and 

Group 4 have met this indicator. They are able to describe the mathematical concepts and facts in the form of 

simpler concepts and facts. For indicator b, Group 1, Group 2, Group 3 and Group 4 have met very well this 

indicator. Although for Group 3 and Group 4 still require support. It means overall that they can easily make a 

logical connection between facts and concepts. As for indicator c, Group 1 and Group 3 are good enough only for 

Group 2 and Group 4 are still lacking to meet this indicator. It means that group 1 and Group 3 are able when 

encountering a new concept (either inside or outside of the mathematical concept) then they can recognize its 

association with concepts that they have been understood. 
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