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Abstract 

This research is a pretest-posttest experimental control group design having a goal to investigate the role 

of metaphorical thinking approach (MTA) toward students’ mathematical reasoning ability (MRA) and 

self-confidence (MSC). The research involves 64 eighth grade students of a Junior High School in Garut 

Indonesia, an MRA  test, and an MSC scale. The findings of this research were:  students getting 

treatment with MTA reached MRA at a moderate grade level, and students taught by  problem based 

learning (PBL) learning obtained MRA at a low grade level. However, there were no different grades 

on students’ MSC in both teaching approaches, and those grades were at a moderate level. Students in 

both teaching approaches encountered difficulties in solving MRA tasks such as on analogical reasoning 

about determine the value of the function, solving two linear variable equations, and writing down 

mathematical models involved in a calculation. Besides that, there was an association between MRA 

and MSC, students posed positive opinions toward implementation of MTA, and they performed active 

learning during MTA lessons. 
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Abstrak 

Penelitian ini adalah desain kelompok kontrol eksperimental pretest-posttest yang memiliki tujuan untuk 

menyelidiki peran pendekatan berpikir metaforis (MTA) terhadap kemampuan penalaran matematika 

siswa (MRA) dan kepercayaan diri (MSC). Penelitian ini melibatkan 64 siswa kelas delapan SMP di 

Garut Indonesia, tes MRA, dan skala MSC. Temuan dari penelitian ini adalah: siswa yang mendapatkan 

pembelajaran dengan MTA mencapai MRA di tingkat kelas sedang, dan siswa yang pembelajarannya 

dengan pembelajaran berbasis masalah (PBL) memperoleh pembelajaran MRA di tingkat kelas rendah. 

Namun, tidak ada nilai yang berbeda pada MSC siswa dalam kedua pendekatan pembelajaran, dan nilai-

nilai tersebut berada pada tingkat sedang. Siswa dalam kedua pendekatan pembelajaran mengalami 

kesulitan dalam menyelesaikan tugas MRA seperti pada penalaran analog tentang menentukan nilai 

fungsi, menyelesaikan persamaan linier dua variabel, dan menuliskan model matematika yang terlibat 

dalam perhitungan. Selain itu, ada hubungan antara MRA dan MSC, siswa mengajukan pendapat positif 

terhadap implementasi MTA, dan mereka melakukan pembelajaran aktif selama pelajaran MTA. 

Kata Kunci:  kemampuan penalaran matematis, kepercayaan diri, pemikiran metaforis 
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INTRODUCTION 

Based on our visits to a Junior High Schools in Garut in 2018, we obtained interesting 

impressions as follows (Susanti, Helmi, Resnawati, Yulianti, Hermansyah, Mellyana, 

Nurwahidah, 2018). In terms of student activities during the lessons as a whole students show 

active learning and solved problems in small groups, dare to ask, and present group assignments 

in front of the class (Figure 1, Figure 2, Figure 3). Those situations illustrated that students 

performed self-confidence in solving mathematics tasks. However, the problems discussed had 

not yet been classified as HOT mathematics, for example, to solve the routine problem of the 

linear equation of two variables 2p + q = 1 and. 3p – q = 4. Students have not been trained to 

solve problems related to mathematical reasoning ability (MRA). 

      

 

 

 

Basically, MRA and MSC are essential learning outcomes that need to be owned and developed 

in high school students. Apart from the MRA and MSC contained in the goals of mathematics 

teaching, there are several opinions of authors who support the statement above. Baroody (1993, 

as cited in Hendriana, Rohaeti, Sumarmo, 2017) express that MRA supports student not only 

to learn by heart mathematics fact, rules, and principles, but MRA will help the student to reason 

rationally and to select proper rules and principles in solving the problem as well so that student 

attain meaningful mathematics knowledge. 

Some authors define MRA terms in different expressions namely: a. MRA is to derive 

conclusions based on relevant data, events, facts, evidence, or sources  (Shadiq, 2004, as cited 

in Kusnandi&Sumarmo, 2010); b. MRA is the capability to think logically about and with 

mathematics objects (Brodie, 2010,  Kusnandi&Sumarmo, 2010). When we analyzed deeply 

mathematical processes involved in solving the MRA task, they illustrate that MRA loads 

higher-order thinking (HOT) skill in mathematics. They imply in solving MRA besides students 

should master the mathematics content, students should possess positive disposition as well, 

such as beliefs in his ability that he will be able to complete any difficult task.  Hendriana, 

Rohaeti, Sumarmo, (2017) define that positive disposition as mathematical self-confidence 

(MSC). Later, he elaborates MSC in detail as follows.  Mathematical self-confidence (MSC) is 

a belief or feeling toward his own ability that includes:  courageous, free, responsible feeling in 

doing any mathematics activity, warm and polite in interacting with other people, and conscious 

toward his own advantages and disadvantages. 

Students condition with low MRA were found in some recent studies (Aminah,  Kusumah, 

Suryadi,  Sumarmo, 2018,  Ayal,  Kusumah, Sabandar, Dahlan, 2016,  Gunawan, Prawoto, 

Figure 1. Students 

accustomed to learn  in 

small group  

Figure 2. Students 

presented their work 

group in front of the 

class 

Figure 3. Students 

waited for teacher’s 

help to understand a 

task in SWS 
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Sumarmo, 2019, Sumarni &  Sumarmo, 2017) that reported students taught by ordinary 

teaching attained MRA at low-grade level, while students getting treatment with innovative 

teaching approaches obtained MRA at moderate-pretty good grade level. Apart from that, the 

illustration of student’s performance which is actively learning and showing confidence in 

solving problems (Susanti, Helmi, Resnawati, Yulianti, Hermansyah, Mellyana, Nurwahidah, 

2018) was in line with findings of some studies (Hendriana, Johanto, Sumarmo, 2018, Putra,   

Putri, Fitriana,  Andayani. 2018,  Sumarmo, Mulyani, Hidayat, 2018). The studies reported that 

students attained  MSC at quite a good grade level. 

Considering to teacher’s task, Polya (1975, as cited in Sumarmo, 2019) propose that 

mathematics teacher’s task is not only to extend mathematics content but the more important 

tasks are: to behave as student’s wish, to appreciate student’s thinking, to motivate the student 

to gain new knowledge, to improve student’s thinking ability, to stimulate the student to think 

in his own manner, and to support the student to learn well. Besides that, the Indonesia 

mathematics curriculum, 2013, proposes that mathematics hard-skill and soft-skills such as  

MRA and MSC should be improved run together. Those suggestions motivate researchers to 

select a certain mathematics teaching approach that supports students to improve their MRA 

and MSC during the lesson. After researchers analyze some teaching approaches, we decide 

that the metaphorical thinking approach (MTA) will appropriate with Polya’s and mathematics 

curriculum suggestions. The metaphorical thinking approach (MTA) is a teaching approach 

designed for improving unusual student’s thinking through a new perspective. Bruce,  Weil,  & 

Calhoun,  (2000, as cited in Hendriana, 2009, Hendriana, 2018) explain that MTA is a mindset 

in presenting and mastering abstract mathematical concepts using everyday situations by 

comparing two things from different sense. As MRA loads the HOT mathematics process, so 

in order for students able to solve the MRA task well, students should master the mathematics 

content,  and have high self-confidence. Hendriana, Rohaeti,  Hidayat (2018) reported the 

advantages of MTA than ordinary teaching on improving student-teacher mathematics on 

mathematics questioning. 

Those aforementioned arguments and findings stimulate researchers to execute a study to 

analyze the role of MTA and student’s cognitive stage, on obtaining student’s MRA, and MSC 

and then we compile research questions as follows. 

1. Are MRA grade and its normalized gain, and MSC grade of students getting treatment with 

MTA  better than the grades of students taught by PBL? 

2. What are the student’s difficulties in solving MRA tasks? 

3. Is there any association between MRA and MSC? 

4. What are the student’s activities during MTA lessons? 

Besides the aforementioned arguments had been presented, there was author opinion that 

revealed the importance of MRA and MSC being developed in students.  Schoenfeld  (1994) 

proposes that  MRA contains important, active, and dynamic processes that needed in solving 

mathematics and other discipline problems. Sumarmo (2010) classifies  MRA into two kinds 

those are inductive and deductive mathematical reasoning. Then, Sumarmo (2010) explains 

inductive MRA is the ability to conclude based on observed data of a process, and she details 

inductive MRA into some kinds of activities, namely: a) transductive reasoning; b) Analogical 

reasoning; c) Generalization; d) Predicting solution or tendency; e) Giving explanation based 

on the model, facts, attributes, relation or pattern; f) Applying relationship of pattern for 

analyzing the situation, and compiling conjecture. 
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While deductive MRA is the ability to conclude based on proper rules. Some of the deductive 

MRA are abilities: a. To carry out calculation agreed to proper rules and principles; b. To reason 

based on the rules of inference (propositional reasoning);  to examine the validity of an 

argument, to prove and to compile valid argument; c. To reason based on the ratio between two 

or more components that is proportional reasoning (Leongson & Limjap, 2003, as cited in 

Aminah et.all, 2018); d. To conclude based on the probability of an event (probabilistic 

reasoning). Another explanation of probabilistic reasoning is to determine the chance of 

occurrence of n objects from N objects (Leongson & Limjap 2003, as cited in Aminah et.all, 

2018); e. To correlate relationships between two different situations (Dugan, 2003, as cited in 

Aminah et.all, 2018); f. To prove the truth of the statement directly, indirectly, or proving by 

mathematics induction.  

When we pay deep attention to those processes involved in MRA, we get the impression there 

are various levels of thinking from medium to a very high level. Therefore, we have to select 

definite indicators fitting for certain school level of students. For example, for junior high 

school students, we limit indicators of MRA on analogical, generalization, and proportional 

reasoning, predicting, and executing enumeration based on certain rules and principles, and 

select the task-relevant to the learned mathematics contents.  

Based on indicators of MRA, we infer that MRA contains HOT skill in mathematics which 

requiring students to own positive and strong mathematics disposition.  Fasikhah (1994) 

denotes that positive and strong mathematics disposition as self-confidence in mathematics 

(MSC). Bandura (1997, as cited in Hendriana, Rohaeti, Sumarmo, 2017) defines that MSC is 

believe feeling toward self ability in uniting and mobilizing motivation and needed resources 

and then arousing it into proper action which fitting to task demand.  

More detailed clarification of MSC is presented by Hendriana, Rohaeti, Sumarmo (2017) as 

follows: a. Self-confidence is a positive attitude toward himself self and extreme confidence 

toward anything will be done; b. The optimist is a person’s attitude that points out having a 

good perspective toward his self and abilities; c. The objective is a person’s view toward a 

problem suitable to the truth properly and not according to his self; d. Responsible is a person’s 

willingness for accepting any consequence; e. Rational and realistic is a person’s analysis 

toward a case based on rational thinking proper to the fact.  

Referring to the teaching process, Fukuyama (1995, as cited in Hendriana, Rohaeti, Sumarmo, 

2017) offers four suggestions to improve students’ MSC, those are: a. Comprehend task should 

be solved well, and complete mathematics task carefully; b. Watch ways of working as a 

successful person; c. Look for people’s support; d. Hold out toward pressure, caused by a person 

who has strong self-confidence once he realizes failure but then he succeeds to overcome his 

failures.  Other authors (Kusnadi&Sumarmo, 2010, as cited in  Hendriana, Rohaeti, Sumarmo, 

2017) pose another suggestion as follows: a. Believe that we will succeed in our activity; b. 

Stop to pretend, positive thinking, avoid negative thinking such: anxiety, failure, worried 

feeling; c. Believe in God’s Greatness; d. Employing our strength and don't worry about our 

weakness; e.   Don't sunken in sadness to a long time, promote wish, and don't give up easily, 

grow spirit and motivation, and believe all maters have to be conducted, meet living reality; f. 

Be aware that experienced sadness is tomorrow successfulness; g. Believe that we are not alone, 

self-correction, and promote patience; h. Pray and devolve to God.  

Hendriana (2009), clarified that metaphorical thinking as a thinking process for mastering, 

clarifying, and representing abstract mathematical concepts into more concrete concepts in 

daily life by comparing two different situations. He elaborates metaphorical thinking into some 

forms as follows: grounding metaphor,  linking metaphors, and definitional metaphors.  In 
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mathematics teaching, metaphorical thinking begins with presenting a  model of a real situation. 

Then, by using metaphor students connect the mathematics concepts with prior concepts had 

been known in daily life,  and by using metaphorical thinking students express their 

understanding by their own language.    

Further,  Hendriana (2009)  proposes some steps to execute the metaphorical thinking approach 

as follow:1. Present a contextual situation related to mathematics content that will be learned; 

2. Identified the main concepts. Students have invited to illustrate the main concept from the 

given contextual situation; 3. Students used a metaphor for illustrating a concept; and 4. Teacher 

and students discussed the base of metaphorical thinking by analyzing the  reason  as the 

background of metaphor  

Apart from the study findings reported in the previous section, the following other study 

findings are presented below. Afrilianto, (2012)  and Nurkolis, Abdul, Mutaqin, Sugandi, 

Wahyudin (2018) reported the superiority of MTA than ordinary teaching on improving high 

school student’ mathematical understanding.  

A lot of studies (Bernard, & Rohaeti, 2016, Koswara, Sumarmo, Kusumah, 2012, Mulyana & 

Hendriana, 2015, Prasetio, Sumarmo, Sugandi, 2018,  Offirston. & Sumarmo,  2012, Rijaya, 

Sumarmo,  Syaban, 2018,  Rohaeti, Budiyanto, Sumarmo, 2014) reported that by using different 

teaching approaches students obtained MRA at moderate-pretty good grade level. As well as, 

some other studies  (Delina,  Afrilianto, Rohaeti, 2018,  Dini,  Wijaya,  Sugandi. 2018, Fauziah,  

Maya, Yusnita, 2018, Nur, Rohaeti,  Maya, 2018, Solihah,  Hendriana,  Maya, 2018) reported 

that students obtained MSC at pretty good grade qualification. 

METHOD 

This study was a pretest-postest experimental control group design having a goal to analyze the 

role of MTA on students’ mathematical reasoning ability (MRA) and self-confidence (MSC). 

The study involves 64  eighth grade students, an MRA  test, and an MSC scale. The MRA test 

consists of 7 items, and the MSC scale consisted of 37 items. Before we used the instruments, 

researchers consulted the instruments to two mathematics education experts for getting a 

decision that the instruments have sufficient content validity degree. Then by using Hendriana 

and Sumarmo (2014) and Sumarmo (2015) as references,  researchers obtained characteristic  

MRA  test and MSC scale as attached in table 1.  

Table 1.Characteristics MRA test and MSC Scale 

Instruments N of 

subject 

n of 

instru

ment 

Relia

bility 

Item 

Validity 

Difficulty 

Index 

Discrimi

nant 

Power 

tcalculation 

ttable = 1.69236 

MRA test 33 7 .514 .18 -  .80 .05  - .65 .03 - .55 1.00 < t < 7.50 

MSC scale 33 37 .821 .20 -  1.00 - - .70 < t < 11.50 

In the following, we attached some samples of instruments of this study. 

Sample 1: Analogical Reasoning 

Observe this case carefully. 

To determine a movement equation of a thing ℎ(𝑡) = 𝑥𝑡 − 𝑦𝑡2, when it is given that the 

height of thing after 2 seconds is 40  m and the height after 3 seconds is 45 m,  

 

 
Is similar to process of  
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1. To determine  the cutting point line  ly + 2x = 3 and line  my = 
1

2
x + 2; 

2. To calculate the function equiation  𝑔: 𝑥 → 𝑝𝑥 + 𝑞, when it mis given   𝑔(3)  =  5 and 

𝑔(1)  =  −3 

3. To find cutting point of  graph  f(x) = x2 -2x +1 with Coordinate axis;  

4. To calculate the roots of equation 2x2 – 3x = 0  

a. Select  the true answer from the 4 options above.  Write the similar concept involved 

in those relations.  

b. Write and explain your reason that the three other options are wrong.   

Table2. Sample 2: Some statements of Self Confidence Scale 

No. Statements SA A DA SDA 

1. I am challenged to determine the solution of a difficult 

equation system of two linear  variable problems (+) 

    

2. I try to correct my mistake on solving a difficult  equation 

system of two linear variables in spite of it takes a longer 

time (+) 

    

3. I am worried when I failed to solve the function equation 

which complies with a certain condition (-) 

    

4. I believe that I can look for function equation based on 

given information (+) 

    

5. I refuse to explain my work in front of the class (-)      

6. I an uncertain toward the truth of my work on the equation 

system of two variables in the last examination (-) 

    

7. I believe that I can explain the solution of the equation 

system of two variables problem in front of the class  (+) 

    

8. I ask for a friend’s help when I realize to solve a difficult 

problem of the value of a function 

    

Note: SA: Strongly Agree; A: Agree;   DA: Disagree;  SDA: Strongly Disagree 

RESULTS AND DISCUSSION 

Results 

Description of the attainment of student’s MRA  and its gain ( <N-G> MRA), and student’s 

MSC were attached in  table 3. In the pre-test, there were no different grades of MRA between 

students learned by MTA and students learn by PBL  and those grades were at a low level. It 

was rational because the students hadn't learned the mathematical content that will be studied. 
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Table 3. Description of Mathematical Reasoning Ability and Mathematical Self Confidence 

of Students in Both Teaching Approaches 

Variables Stat. 

Metaphorical Thinking 

Approach (MTA) 

Problem-Based Learning 

Approach (PBL) 

Pretest Postest N-Gain n Pretest Postest N-Gain n 

MRA 

(IS= 43) 

�̅� 12.28 26.00 .46 

32 

12.19 21.94 .33 
3

32 
% IS 28.56 60,47 - 28.34 51.02 - 

SD 4.137 6.638 .16 3.922 5.180 .11 

MSC 

Scale 

(IS=130) 

�̅� 

- 

90.38 

- 32 - 

81.22 

- 32 % IS 72.88 65.50 

SD 9.33 8.54 

     Note: MRA: Mathematical Reasoning Ability                   IS: ideal score: 43 

   MSC: Mathematical Self Confidence                       IS: ideal score: 130                     

However, after the teaching process, on MRA, students who learned by MTA achieve a better 

grade than the grade of students who study with PBL. First group students obtained MRA at 

medium grade level, while students taught by PBL attained MRA at a low-grade level. The 

testing hypothesis of those grades was attached in table 4. 

Table 4.Testing Hypothesis of Mean Difference of Mathematical Reasoning  Ability, 

  Its N-Gain,  Mathematical Self Confidence, and   on the Both Teaching Approaches   

Variable 
Teaching 

approach 
𝒙 SD n Sig. Interpretation 

MRA 
MTA 26.00 6.638 32 

0.008 < 0.05 
MRA MTA  >  MRAPBL 

 PBL 21.94 5.180 32 

N-Gain of 

MRA 

MTA .46 .16 32 
0.000 < 0.05 

N-Gain MRA MTA  >   

N-Gain MRA PBL PBL .33 .11 32 

MSC 
MTA 90.38 9.33 32 

0.000 < 0.05 MMSCTA-PBL > MSCPBL  
PBL 81.22 8.54 32 

Note: MRA: Mathematical Reasoning Ability                   Ideal Score (IS)  MRA: 43 

          MSC: Mathematical Self Confidence                       Ideal Score (IS) MSC:130 

          MTA: Metaphorical Thinking Approach         PBL: Problem Based Learning 

Both students groups still experienced many difficulties in solving MRA problems, such as on 

answering problems accompanied by formulas used at each step of completion, solving 

analogical reasoning about determining the value of the function, solving two linear variable 

equations, and writing down mathematical models involved in a calculation, and proportional 

reasoning of daily life. Those difficulties were illustrated in table 5. 
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Table 5. Mean Score of  Each Item of  Mathematical Reasoning Ability Test of Students  In 

Both Teaching Approaches 

Teaching 

approach 

Stat.Desc No.1 No 2. No.3 No.4 

Ideal score 12 12 10 9 

MTA 
�̅� 6,88 7,63 7,66 3,84 

% out of IS 57,29 63,54 76,56 42,71 

PBL 
�̅� 4,31 7,06 6,72 3,84 

% out of IS 35,94 58,85 67,19 42,71 

Note: MTA: Metaphorical Thinking Approach  IS: Ideal Score 

              PBL: Problem Based Learning 

In further analysis, by using contigency table and statistic Pearson-Chi Square (2 )  and data 

analysis using   SPSS for window,    the study found that  2 = 14,595a and C=  .431   or             Q 

= . 528, with  two sided sig = .006 or  one sided sig = .003 < .05.  (table 6 and table 7). 

Table 6. Contingency Table of  Mathematical Reasoning Ability (MRA) and Mathematical 

Self Confidence (MSC) 

      MSC         

MRA 
High Medium Low Total 

High 8 8 0 16 

Medium 3 22 11 36 

Low 3 5 4 12 

Total 14 35 15 64 

 

Table 7. Testing Chi-Square Mathematical Reasoning Ability (MRA) and Mathematical Self 

Confidence (MSC) 

MRA and MSC Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 14,595a 4 ,006 

Likelihood Ratio 17,623 4 ,001 

Linear-by-Linear Association 6,433 1 ,011 

N of Valid Cases 64   

Note: MRA: Mathematical Reasoning Ability 

MSC: Mathematical Self Confidence 

Discussion 

Finding of this study that the grades of MRA MTA  and its <Gain> were higher than the grades 

MRAPBL were similar to the findings of other previous studies  (Kusnandi & Sumarmo, 2010, 

Mulyana, & Hendriana, 2015, Prasetio, Sumarmo,  Sugandi, 2018,  Rijaya, Sumarmo, Syaban, 

2018), that by using different innovative teaching approaches students still experienced 

difficulties in solving some MRA tasks, and students’ grades of MRA  varied from medium up 

to fairly good level. 
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Those results of testing hypothesis pointed out that there was a high association (C= .431 or        

Q = .528) between MRA and MSC.  This finding was similar to findings of other previous 

studies (Aminah, et.all, 2018, Hendriana,  Johanto, Sumarmo, 2018,  Mulyana, & Hendriana, 

2015, Rohaeti,  Budiyanto,  Sumarmo, 2014) that there was an association between hard skills 

and soft skills in mathematics.  

Further analysis was about students' activities during MTA lessons. Students performed good 

performance and participated the lessons well, such as they work together to identify the 

problem actively (Figure 1), they formulate and solve problem enthusiastically (Figure 2), they 

presented their work in front of the class voluntary. (Figure 3)   

         

 

 

 

 

Moreover, students tended to be comfortable with the implementation of MTA. Despite first-

time students were confused to learn in new strategy (MTA) and to solve new kind mathematics 

problems but in the next sessions students accustomed to completing tasks in SWS actively. 

Overall students showed positive opinions on the implementation of MTA. 

CONCLUSION 

Based on a study finding and discussion, the study derived some conclusion as follow. The 

metaphorical thinking approach (MTA) took a better role than PBL on improving students’ 

mathematical reasoning ability (MRA), its gain, and mathematical self-confidence (MSC) as 

well. However those both  MRA grades were at a low level, and students encountered many 

difficulties in solving MRA tasks.  Although the MSC of the first group students was better 

than the MSC of the second group students, both grades of  MSC were at a moderate level. In 

the other conclusion, there was a high association between MRA and MSC,  students performed 

intense activities during MTA,  and students performed positive opinions toward the 

implementation of MTA.   

In order for students to master MRA better, it was suggested that students should be invited to 

compile, to select, and to solve non-routine problems by themselves, to write principles and or 

rules involved in each step of completion. Then, for improving student’s MSC it was suggested 

that students accustomed to perform self-confidence in participating in the lessons and 

completing difficult tasks. 
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