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Abstract.The purpose of this research is to describe of the students’ metaphorical understanding that novices and experts 

who appear in mathematics problem solving. The metaphorical understanding is correspondence between two mathematics 

idea or mathematics conceptual from source domain, usually more concrete, to a target domain, usually more abstract. 

These metaphorical understanding was investigated through tests and interviews. Thirty participants solved the 

mathematics problem test. Two students as expert and novice representatives are described in this study. Validity of the 

data is performed by using the technique triangulation. The results of this research show that visual and simbolic 

representation used by both of them to understand the problem. The novice used metaphors more than expert did to 

compute, detect and correct error, and justify their answers. The expert showed a more integrated understanding of 

mathematics problem through multiple metaphor, mathematical rules, and transformations. The result suggest that the 

metaphors used by mathematics students are central to understanding concept when their solving mathematics problem.     

Keywords: Metaphorical Understanding, Mathematics Problem Solving. 

INTRODUCTION 

National Council of Teachers Mathematics (NCTM, 2000) explains that the learning process of mathematics 

should emphasize to enable to learn with understanding, actively building new knowledge from experience and 

knowledge. Mathematics learning effectiveness if students’ understanding of what they know and support them to 

learn more. The understanding be done by reviewing the result of metaphor in understanding and solving mathematical 

problem. Metaphor is an important aspect of the learners in developing mathematical understanding. Each student has 

different way of building understanding so it allows students to form various types of metaphor in understanding the 

concept that called metaphorical understanding. 

Metaphorical understanding would provide a means of acessing the beliefs that students have about mathematics. 

Identifying and understanding students’ metaphors for mathematics would provide insights into students’ internalized 

mental images about mathematics concepts. Such metaphorical understanding could inform how beliefs influance 

students’ understanding concepts in solving mathematics problem (Cox & Trotter, 2017; Son & Lee, 2016).  But in 

reality, teachers rarely use metaphors in teaching concepts to students. Therefore, The purpose of this research is to 

description of the metaphorical understanding mathematics students who appear in solving mathematics problem. 

According to BAL (2015), a metaphor is word or phrase used to make a comparasion on between two people, 

things, animals or places. A metaphor is a figure of speech that makes an implicit, implied or hidden comparasion 

between two things or object that are poles apart from each other but have same characteristics in common. A metaphor 

is defined as substitution of a proper term with  a figurative one after a symbolic transposition of images (Sfard, 1955). 

Yet, metaphors can be very helpful for students who are learning the meaning of specific construct because they 

provide a more visual description of the concept’s construct or thought. 

The notion of a conceptual metaphor refers to the understanding of one idea, or conceptual domain, in term of 

another. An example of this understanding of quantity in terms or directionality (Fieldman & Narayan, 2004). A 

conceptual domain can be any coherent organization of human experiences. The regularity with which different 

language employ the same metaphors, wich often appear to be perceptually based, has led to conclusion thet the 
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mapping between conceptual domains corresponds to neural mapping in the brain (Lakoff & Nunez, 2000). So, 

metaphorical are more than simply convenient for understanding abstract concepts. Lakoff & Johnson (2003) argued 

that conceptual thought is almost always grounded in physical metaphor in a manner that is relatively implicit.  

Based prior explanation, metaphorical understanding in this research are correspondence between two mathematics 

idea or mathematics conceptual from source domain, usually more concrete, to a target domain, usually more abstract. 

There has three forms of metaphorical understanding, they are: 1) Grounding metaphors, the basis for understanding 

the mathematical ideas associated with everyday experiences; 2) Linking metaphors, it’s building links between two 

things: choosing, affirming, giving freedom, and organizing characteristics of the main topic supported by additional 

topics in the form of metaphorical statements; and 3) Redefinitional metaphors: redefine those metaphors and choose 

the ones best suited to the topic. 

In this research, the metaphorical understanding seen in solving mathematics problem. Finally, indicators of 

metaphorical understanding in solving mathematics problem described in Table 1. 

TABLE 1. Indicators of Metaphorical Understanding In Solving Mathematics Problem 

Component of 

Methaporical               

Understanding 

Indicators of Metaphorical Understanding In Solving 

Mathematics Problem 

Grounding metaphors Students can symbolically mathematical ideas associated 

with everyday experiences. 

Linking metaphors Students can explain the relationship of the results 

expected on the results of other procedures. 

Students understand the reasons why the procedure works 

as a whole. 

Redefinitional metaphors Students can make connections and is represented in the 

form of numerical, graphical and symbolic. 

 

RESEARCH METHOD 

Types of Research 

The research uses a case study design. According to Creswell (2012), the case studies is strategy that explore in 

depth investigation of the program, activities, processes, one or more individuals. Cases in this research are related to 

the phenomenon of a metaphorical understanding of students in solving mathematics problem.   

Reseach Subject 

The participants in this research consist of  thirty mathematics education students in MKPBM1 and MKPBM4 

class. Fifteen mathematics education students in MKPBM1 class as novices and fifteen mathematics education 

students in MKPBM4 class as experts. From the participant, would be selected the subject based on the basis of 

considerations have spoken and written communication skill are good and the characterization of the methaporical 

understanding that appear. 

Data Collection Technique 

To obtain metaphorical understanding, individual subjects were asked to solve the problem as outlined on the 

worksheet said TPM with think a loud. TPM-1 adopted from Hong & Kim (2016) because this problem isn’t well 

structure problem and also have basic geometry content, so it can explore as deep as possible of mathematics 

education’s basic geometry concept understanding . And then TPM-2 developed by researcher. TPM in this research 

are: 
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FIGURE 1. TPM-1 

 

 

 

 

FIGURE 2. TPM-2 

 

After subjects were asked to solve problems the next TPM researchers interviewed the study subjects in more 

depth in order to verify the test data is written. In addition, interviews were also used to gain new information which 

may not be obtained when the written test, because not all of the students thought were able to write. This may be 

revealed when the interview isconducted. To ensure the validity of the data, the credibility test is run by using a 

triangulation of time. In this study, data are collected twice with the distance between the first and second data 

collection is one week. The data can then be compared. Data is said to be valid if there is consistency or similarity of 

views between the first data and the second data. If the data obtained is not valid, then the data collection is repeated 

until the data obtained is valid. 

Data Analysis Technique 

Analysis of the data in this study refers to the stage of qualitative data analysis by Miles and Huberman (2009), 

namely: (1) data reduction phase, aims to sharpen, classify, direct, dispose of unnecessary, and organize data in a way 

such that the final conclusions can be drawn and verified; (2) Stage presentation of the data, at this stage, data is 

categorized and presented in the form of narrative text with reference to indicators of metaphorical understanding that 

has been presented in Table 1, allowing researchers to draw conclusions from such data; (3) Phase conclusion, based 

on the analysis of the data that has been presented and discussed clearly based on the phases that have been set. 

Furthermore, drawing conclusions in this study aimed to describe metaphorical understanding that novices and experts 

who appear in solving mathematics problem. 

Research Procedure 

Research procedures used by the researchers consists of four stages, namely: (1) planning, done by designing a 

research instrument consisting of a TPM and interview, followed by validating and analyzing the results of the 

validation instrument; (2) the implementation phase to determine the subject of research using TPM to every subject 

of study is accompanied by an interview-based tasks; (3) the data analysis stage by analyzing the work of the subject 

and the interviews then describe the results of data analysis, and (4) the stage of preparation of reports. 

The architectural design and construction company (‘A’) received an order from a client 

(“B”), as follows:  

I want to build a new house. Here are the design specifications of the home that I want. 

First, I want the house to be a rectangular shape, 20m in width and 10m in length, with a floor area 

of 200m2. The house should have five bedrooms, two bathrooms, a living room, a kitchen and dining 

area, a utility room and a balcony. The master bedroom is to have an area of 20m2 with direct 

access to a bathroom and dressing room. The other rooms have area sizes of 12-16 m2. The living 

room and the kitchen and dining area have to be situated at the center. The living room must be 

44m2, and the kitchen and dining area is to be 24m2. The utility room has to be connected to the 

kitchen. The master bedroom must be in the farthest corner from the front door. If you send me a 

couple of drawings which meet these requirements, I will choose one after reviewing them.  

Company A notified several teams of Client B’s needs and asked them to submit designs. 

From among the submitted proposals, Company A will choose the design that best meets Client B’s 

needs. Each subject group will become a team of Company A and will try to develop the best design 

There are 12 members of the vocal group "Leha-Leha". Coach wants to set their formation as 

interesting as possible. Determine the number of possible formations established by the trainer. 
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RESULT AND DISCUSSION 

In this study, the data were analyzed in the form of the answer to the problem solving (TPM-1 and TPM-2) and 

interviews related to students’ metaphorical understanding in mathematical problem solving. Data from interviews 

are recorded using the voice recorder. The data is then transcribed to facilitate researchers to analyze. The results of 

the analysis of the results of interviews and TPM each subject as follows.  

The result of TPM-1 and TPM-2 by novice showed in this pictures: 

 

FIGURE 3. The Result of TPM-1 and TPM-2 By Novice 

 

 

 

And the described of the result of Metaphorical Understanding by Novice explained by table 1: 

TABLE 1. The result of Metaphorical Understanding by Novice 

 
Indicator of Metaphorical 

Understanding 

Description of Result 

TPM-1 

Description of Result 

TPM-2 

Metaphorical 

Understanding by Novice 

Studentscan symbolically 

mathematical ideas 

associated with everyday 

experiences 

Novice used verbal(informal 

language), 

numeral,contextual,and visual 

to  symbolically mathematical 

ideas about rooms area and 

rooms position. 

Novice used 

verbal(informal language) 

and visual to  symbolically 

mathematical ideas about  

members of the vocal group 

and their position. 

Novice used verbal 

(informal language), 

numeral and visual to  

symbolically mathematical 

ideas associated with 

everyday experiences 

Students can explain the 

relationship of the results 

expected on the results of 

other procedures 

Novice can explain the 

relationship of the results 

expected on the results of 

graphical procedure and 

numerical arrangement 

procedure. 

Novice can’t explain the 

relationship of the results 

concerned on  graphical 

procedure. 

Novice can’t explain the 

relationship of the results 

concerned on  procedure. 

Students understand the 

reasons why the procedure 

works as a whole 

Novicecan guess the results of 

using the procedure without 

reasons why the procedure 

works as a whole 

Novicenot understand the 

reasons why the procedure 

works as a whole. 

Novice not understand the 

reasons why the procedure 

works as a whole. 

Students can make 

connections and is 

represented in the form of 

numerical, graphical and 

symbolic 

Novice can explained the 

connections about scale and is 

represented in the form of 

numerical, verbal, contextual 

and visual. 

Novice can explained the 

connections between 

numberof membersand their 

possible position. 

Novice can explained the 

connections and is 

represented in the form of 

numerical, graphical and 

symbolic. 

 

Novice can understand the problem by reading and reading it silently. In TPM-1 and TPM-2, novice can retell the 

meaning of the questions asked. She used verbal (informal language), numeral and visual to  symbolically 

mathematical ideas associated with everyday experiences and explained the connections among representation. 

Although he can understand the problem, she can’t understand the reasons why the procedure works as a whole and 
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he can’t explain the relationship of the results concerned on  procedure.The novice only used metaphors to compute, 

detect and correct error, and justify their answers.This is in line with what Saban et al.(2007) have expressed 

thatembodied experiences in the physical world produce correlations with thought and language that lead to many 

conventional metaphorical expressions that are systematically connected to reveal paticipants’ understanding of 

mathematics. 

Then the result of TPM-1 and TPM-2 by expert showed in this figure 3: 

  

 

 

 

 

 

 

 

 

 

FIGURE 3. The Result of TPM-1 and TPM-2 By Expert 

 

And the described of the result of Metaphorical Understanding by expert explained by table 2: 

TABLE 2. The result of Metaphorical Understanding by Expert 

 

Indicator of 

Metaphorical 

Understanding 

Description of Result 

TPM-1 

Description of Result 

TPM-2 

Metaphorical 

Understanding by 

Expert 

Students can 

symbolically 

mathematical ideas 

associated with everyday 

experiences 

Expert used verbal(formal 

language), 

numeral,contextual,and 

visual to  symbolically 

mathematical ideas rooms 

area and rooms position. 

Expert used 

verbal(formal language) 

and numeral to  

symbolically 

mathematical ideas about  

members of the vocal 

group and their interested 

position. 

Expert used verbal 

(formal language) and 

numeral to  

symbolically 

mathematical ideas 

associated with 

everyday experiences 

Students can explain the 

relationship of the results 

expected on the results of 

other procedures 

Expert can explain the 

relationship of the results 

expected on the results of 

graphical procedure and 

numerical arrangement 

procedure. 

Expert can explain the 

relationship of the results 

concerned on  graphical 

procedure. 

Expert can explain the 

relationship of the 

results concerned on  

procedure. 

Students understand the 

reasons why the 

procedure works as a 

whole 

Expert can guess the 

results of using the 

procedure without reasons 

why the procedure works 

as a whole 

Expert not understand 

the reasons why the 

procedure works as a 

whole. 

Expert not understand 

the reasons why the 

procedure works as a 

whole. 

Students can make 

connections and is 

represented in the form 

of numerical, graphical 

and symbolic 

Expert can explained the 

connections and is 

represented in the form of 

numerical, verbal, 

contextual and visual. 

Expert can explained the 

connections and is 

represented in the form 

of numerical and verbal. 

Expert can explained the 

connections and is 

represented in the form 

of numerical, verbal and 

symbolic. 
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Expert  can understand the problem by reading and reading it loudly. In TPM-1 and TPM-2, expert can retell the 

meaning of the questions asked. He used verbal (formal language) and numeral to  symbolically mathematical ideas 

associated with everyday experiences and explained the connections among representation. Shecan understand the 

reasons why the procedure works as a whole butshe can’t explain the relationship of the results concerned on  

procedure.Expert showed a more integrated understanding of mathematics problem through multiple metaphor, 

mathematical rules, and transformations. This is in line with what Sfard (1995) have expressed thatpeople draw on 

their language and cognitive resources and make choices about the best way to say what they want to say in the context 

they are in. 

CONCLUSION 

This research identified the metaphors that mathematics education students used to describe their experiences with 

mathematics problem solving and explored the source of these metaphors. Novice and expert provided a wide range 

of metaphors which reflected the mental images about mathematics. The novice only used metaphors to compute, 

detect and correct error, and justify their answers. While the expert used multiple metaphor, mathematical rules, and 

transformations to understanding the concept. It seem that general metaphors about mathematicsindicated that 

mathematics education students find mathematics quite challenging but possible to learn if one is determinedto 

understand it. Students perceived that mathematics problem solving hasto proceed with care and confidence. So, we 

conclude that metaphors used by mathematics education students are central to understanding concept when their 

solving mathematics problem. 

We are aware that this study does not provide the basis for establishing typologies of subjects, but it does provide 

an initial approach for other studies that might be done in this same direction. We feel that more research is needed 

whereby we can observe the influence of metaphorical understanding in mathematics problem solving, especially in 

those problems where the starting understanding thenon routine problem. 
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