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Abstract  

Facing the current digital era, correct and accurate decisions are needed to deal with the 

problems. This research aimed to explore the decision-making abilities of prospective 

mathematics teacher students in solving geometric proof problems. This research was a 

qualitative descriptive study with research subjects 3 out of 32 students of the 2nd semester 

Mathematics Education study program. The research instrument is the researcher himself, who 

is assisted with geometric proof problem tests and interview guidelines. Data analysis was 

including reduction, presentation, and conclusion. The validity of the research data was tested 

using methods triangulation. The research results show that subjects with a proof ability of K2 

can build and clarify geometric concepts/principles and can assess the reasonableness of ideas 

even though the subject feels unsure about their choice. Subjects with a proof ability of K3 can 

build and clarify geometric concept/principle ideas but cannot assess the reasonableness of 

proof ideas. Subjects with a proof ability of K4 can build ideas of geometric concepts/principles, 

can clarify even though they are incomplete, and cannot assess the reasonableness of proof 

ideas. Students need to be equipped with decision-making skills in solving proof problems as 

preparation to become mathematics teachers in the future. 
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Introduction  

Correct and accurate decisions are needed to deal with the problems in the current digital era. 

A person can find solutions to problems and achieve the desired goals through the right choices. 

Decision-making is the process of choosing a preferred option or action among a set of 

alternatives based on given basic criteria or strategies (Vanlommel et al., 2017; Wang & Ruhe, 

2007; Yee, 1966; Wang et al., 2006). Decision-making involves the thinking process carried 

out by a person when solving problems and making decisions (Swartz et al., 1998). Problem-

solving activities in mathematics learning allow students and educators to make decisions as 

answers to learning problems that solve them (Winarso, 2014). When making a decision, a 

person carries out a thinking process that starts from building ideas, clarifying ideas, and 

assessing the reasonableness of ideas (Swartz & Parks, 1994). Decision-making in problem-

solving is the beginning of all conscious and directed activities (Winarso, 2014). 

It is known that a mathematical problem is a problem in mathematics that needs to be 

determined how to solve it. Mathematical problems students face consist of two types: problems 

to find and problems to prove. The problem is that students face a problem, so they try to 

construct all types of objects or information that can be used to obtain a solution. The problem 

to prove is that students imagine a problem in the form of a statement and then try to prove the 

truth value of the statement, whether it is true or false. The problem of proving prioritizes a 

hypothesis or conclusion of a theorem whose truth must be proven. Prospective mathematics 

teachers often face proof problems, especially in geometry courses. The ability to construct 

geometric proofs is an absolute requirement for students in the geometry learning process in 

higher education because one of the determining factors for mathematical maturity is the ability 

to prove (Maarif et al., 2020; Mariotti & Pedemonte, 2019). The theorem-proving activity 

requires high reasoning power to combine and analyze information to conclude.  

Facts in the field show that many students still need help to prove geometric theorems 

(Masfingatin et al., 2018, 2020; Murtafiah & Masfingatin, 2015). Students' problems in solving 

evidentiary problems were also encountered in research (Kurniawan et al., 2023; Mujib, 2019). 

According to Mujib (2019), one of the obstacles to student learning is formal mathematical 

writing evidence. According to Herizal (2020), the main factor that influences students' ability 

to prove is experience. Experience, in this case, is the student's experience in learning to prove 

and gaining knowledge about how to prove it. 

The problems that occur need to be immediately resolved because they are needed to face 

the challenges of the times. At the higher education level for student teachers, one of the things 

that can be used as a solution to overcome this problem is to implement freedom to learn-based 

learning. Freedom to learn (independent learning) is characterized by insatiable curiosity that 

encourages students to absorb everything they can see, hear, and read (Rogers, 1969). Ki Hajar 

Dewantara also emphasized independence in learning, that students are not always pioneered 

or told to acknowledge other people's ideas but are accustomed to seeking their knowledge 

using their thoughts. 

Freedom to learn is based on the constructivist theory that educators act as facilitators 

who help students form their knowledge and foster independence in students by providing 



 
Exploring decision-making prospective mathematics teacher in solving … 

 

107 
 

opportunities to act and make decisions (Hendri, 2020). Students make decisions in the process 

of constructing their knowledge. Freedom to learn is defined as freedom to think, freedom to 

innovate, freedom to learn independently and creatively, and freedom for happiness (Fahmi, 

2023; Suhartono, 2021). The freedom to learn policy makes the education system creative, 

innovative, and characterized (Mazid et al., 2021). The concept of independent learning aims 

to ensure that students have the freedom to think critically and intelligently. 

Several researchers have carried out research related to decision-making in mathematics 

learning. Previous researchers have examined students' decision-making in solving 

mathematical literacy problems (Murtafiah et al., 2021). National-level winning student 

decision-making in designing ICT-based learning media (Murtafiah et al., 2019). Research on 

decision-making also examines the decision-making of students who win microteaching 

competitions in designing and implementing mathematics learning (Murtafiah et al., 2022). 

Other research on decision-making has been carried out on prospective teacher students in 

designing HOTS questions (Suwarno et al., 2022). However, research on students' decision-

making in solving evidentiary problems has yet to be carried out. Thus, it is necessary to know 

the decision-making abilities of prospective teacher students in solving evidentiary problems. 

 

Methods  

This type of research is descriptive with a qualitative approach. Qualitative descriptive 

research is a research method based on the philosophy of postpositivism, which is used to study 

the condition of objects naturally with the researcher as the main instrument(Creswell, 2015; 

Creswell, 2012). Qualitative descriptive research aims to describe, explain, and answer in more 

detail the problems to be studied by studying as many individuals, groups, or events as possible 

(Johnson & Christensen, 2014). This research describes students' decision-making abilities in 

solving evidentiary problems. 

The subjects of this research were 32 students in the second semester of the PGRI Madiun 

University Mathematics Education study program for 2022/2023. The selection of research 

subjects is based on the ability to solve evidentiary problems and considers students' 

communication skills. Research data was collected using test and interview techniques. The test 

is a written test about geometric proof problems, adapted from the Elementary Geometry for 

College Students book (Alexander & Koeberlein, 2011). Semi-structured interviews were 

conducted with selected subjects to obtain more in-depth and complete data. 

The research instrument is the researcher himself, who is assisted with geometric proof 

problem tests and interview guidelines. The test instrument used in this research is a geometric 

proof problem relating to the relationship between angles in geometry. The test instruments 

were essay as follows. 

Prove the theorem: "The bisectors of two supplementary angles form a right angle." 
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Test result data is disclosed and used to investigate student decision-making. The basis 

for grouping student answers was adapted from (Arnawa et al., 2007; Maarif et al., 2020; 

Masters, 2010; Middleton, 2009) and is presented in Table 1. 

Table 1. Criteria for grouping student answers 

Group Criteria of Students’ Answer 

K1 The evidence is clear and overall correct. The use of sketch diagrams and geometric 

labels corresponds to what is used in the proof. The initial proof step has coherence 

with the subsequent proof steps. Conjectures are prepared according to the purpose of 

the evidence. Appropriate arguments support all statements. The flow of evidence is 

arranged logistically. Using appropriate concepts and theorems. 

K2 The proof is about 80% correct. Use diagrammatic sketches and geometric labels that 

correspond to those used in the proof. The initial proof step has coherence with the 

subsequent proof steps. Conjectures are prepared according to the purpose of the 

evidence. There is a slight error in determining the proof step argument. Use geometric 

concepts and theorems correctly. 

K3 At least half of the evidence is correct. The use of sketch diagrams and geometric labels 

corresponds to what is used in the proof. The initial steps are correct, but several steps 

are not appropriate. Several conjectures are formulated that are not by the purpose of 

the evidence. Some of the arguments used are inappropriate. Using appropriate 

concepts and theorems. 

K4 Less than half of the evidence is correct. Use sketch diagrams and symbols as 

appropriate. Errors in determining the initial steps of proof. There is a proof step that 

is missing. Some arguments are not quite right. There are several concepts and 

theorems used in false proofs. 

K5 Not answering or the evidence prepared is not related to the expected evidence. 

 

Semi-structured interviews were conducted to obtain more complete and in-depth data 

based on written test results. Interviews were conducted based on the decision-making 

indicators adapted from (Murtafiah et al., 2021) and are presented in Table 2. 

Table 2. Decision-making indicators in resolving evidence problems 

Stages of the Decision-

Making Process  
Description 

Building ideas Students collect all ideas and think about each idea related to the 

conclusion to be proven. 

Clarifying ideas Analyze the ideas that have been collected and start building proof of 

ideas. Students classify ideas and can provide reasons and state 

assumptions of ideas in proof. 

Assess the reasonableness 

of ideas 

Assess all existing ideas (which have been built and clarified). 

Assessments can be made based on existing facts, things/hypotheses, 

postulates, theorems that have been proven, and definitions or 

principles that are logical and correct to determine the correct idea. 

 

Research data was analyzed using the stages of data reduction, data presentation, and 

conclusion (Miles & Huberman, 2007). Data reduction in this research is carried out to select 

essential data, then present the data according to the indicators and conclude the research 

results. The validity of the research data was tested using the triangulation method by checking, 

comparing, and verifying data from written test results and interview results. 
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Results 

This research began by delivering theorem-proving questions to 32 students in the 2nd semester 

of Mathematics Education at PGRI Madiun University for the 2022-2023 academic year. The 

students' geometric proof results were analyzed and reflected based on Table 1. The results of 

the geometric proof problems test showed that there were no students who K1 (0%), in the K2 

group there was one student (3.125%), K3 was three students (9.375%), K4 as many as 11 

students (34.375%) and K5 as many as 17 students (54.125%).  

Students from the K2, K3, and K4 groups analyze the results of each group of students' 

written work to obtain information about their decision-making abilities. Students from K5 

were not taken as research subjects because the results of the evidence did not match the 

expected evidence or even did not produce evidence. In this case, it is said that students do not 

make decisions. Interviews were conducted with subjects who had good communication skills 

to obtain more in-depth data. Student decision-making in solving proof problems is explained 

as follows. 

Decision-making student K2 group  

Building idea stage 

The decision-making process by K2 subjects starts from the stage of solving the form of a 

theorem proof. The ideas developed by S1 in solving theorem-proving problems can be seen in 

Figure 1.  

 

Figure 1. Example of student proof results from K2 group 
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Figure 1 shows that the subject from K2 group built a proof of idea based on the image he made. 

The subject builds ideas for the solution by writing down what is known based on the picture 

and what will be proven. The written test results are explained based on the following interview 

excerpt. 

 

P : Do you understand the meaning of the question? 

K2(1) : this problem is a theorem that is known to be that there are two supplementary angles, 

each of which has an angle bisector. Then you are asked to prove that the bisector of 

each angle forms a right angle. 

P : How can you prove it? 

K2(2) : I made a picture based on the statement in the problem as a first step before proving 

it. I drew two angles that were side by side, I named them angle 𝐴𝐵𝐷 and angle 𝐷𝐵𝐶. 

Then I created ray 𝐵𝐸, which is the bisector of angle 𝐴𝐵𝐷, and ray 𝐵𝐹, which is the 

bisector of angle 𝐷𝐵𝐶. 

P : What ideas can you find to answer this question? 

K2(3) : there are two supplementary angles, namely ∠𝐴𝐵𝐷 and ∠𝐷𝐵𝐶, each angle has its 

angle bisector 𝐵𝐸⃗⃗⃗⃗  ⃗ is the angle bisector of ∠𝐴𝐵𝐷, and 𝐵𝐹⃗⃗⃗⃗  ⃗ is the angle bisector of ∠𝐷𝐵𝐶 

then asked to prove that the angle formed by the angle bisectors (∠𝐸𝐵𝐹) is 90°. 
P : Apart from that, are there any other ideas? 

K2(4) : definition of supplementary angles, the definition of an angle bisector, definition of 

complementary angles, postulate of addition of angles, congruent angles, and definition 

of right angles. 

 

Clarifying idea stage 

Based on Figure 1 and the results of the interview, Subject from K2 started solving the problem 

by creating a picture based on known information. The image that has been constructed by K2 

is followed by the process of determining a complete geometric label by the rules existing in 

the geometric material. 

For example, to name points, use capital letters, and for bisectors, it is a ray, namely a 

line that starts from a point and has an arrow at the other end. Even though image labeling is a 

simple thing, it is very important. Apart from that, the resulting image will also be the basis for 

generating ideas for solving evidentiary problems. 

S1 writes down known things based on the pictures created. What the subject writes down 

is that ∠𝐴𝐵𝐷 and ∠𝐷𝐵𝐶 are mutually complementary; 𝐵𝐸⃗⃗⃗⃗  ⃗ is the bisector of ∠𝐴𝐵𝐷; 𝐵𝐹⃗⃗⃗⃗  ⃗ is the 

bisector of ∠𝐷𝐵𝐶. The subject also wrote that what will be proven is that ∠𝐸𝐵𝐹 is a right angle. 

Next, K2 arranges the evidence in the form of two columns, namely the statement column 

and the reasons column. The subject brings up things that are known with geometric concepts, 

such as definitions and postulates. Each statement is written in the statement column and the 

supporting reasons are written in the reasons column. 

The results of the interview show that student K2 expressed ideas to solve the problem. 

Starting from making known pictures, writing down the things that will be proven, and 

arranging the evidence using two columns. The subject mentioned several ideas to support the 

preparation of proof in the form of the definition of supplementary angles, the definition of 

bisector angles, the definition of complementary angles, the postulate of addition of angles, 



 
Exploring decision-making prospective mathematics teacher in solving … 

 

111 
 

congruent angles, and the definition of right angles. Clarifying ideas stage interviews with K2 

subjects showed that the subjects were able to clarify the ideas that had been conveyed. 

 

P : Can you explain the ideas you conveyed that were used in the proof? 

K2(5) : I make pictures based on things from the theorem, namely the hypothesis or if clause 

in the theorem. The picture I made will make the proof process easier. If there is no 

picture, the question sentence is still general, so it is difficult to prove it. 

P : What about the next idea? 

K2(6) : The next idea is to write down the things that are known and write down the things 

that I will prove based on the picture that I made. This aims to enable me to easily 

determine the next proof step. After that, I arranged the proof steps by creating two 

columns: the statement column and the reasons column. 

P : What proof method did you choose to prove the theorem? 

K2(7) : I chose the direct proof method because the information I obtained made it possible to 

carry out direct proof. 

P : What is the proof process that you carry out? 

K2(8) : from what is known two angles are adjacent to each other and supplement each other 

according to the picture I made, namely ∠𝐴𝐵𝐷 and ∠𝐷𝐵𝐶, 𝐵𝐸⃗⃗⃗⃗  ⃗ is the bisector of angle 

∠𝐴𝐵𝐷, and 𝐵𝐹⃗⃗⃗⃗  ⃗ is the line bisector of the angle ∠𝐷𝐵𝐶 and then asked to prove that the 

angle formed by the bisector of the angle (∠𝐸𝐵𝐹) is 90°. Next, prepare direct evidence 

from that. Starting from the known ∠𝐴𝐵𝐷 and ∠𝐷𝐵𝐶 supplements. Based on the 

definition of supplementary angles, 𝑚∠𝐴𝐵𝐷 +  𝑚∠𝐷𝐵𝐶 = 180°. Definition of the 

angle bisector so that ∠𝐴𝐵𝐸 ≅ ∠𝐸𝐵𝐷 and ∠𝐷𝐵𝐹 ≅ ∠𝐹𝐵𝐶 are obtained. Likewise, the 

definition of congruent angles results in 𝑚∠𝐴𝐵𝐸 = 𝑚∠𝐸𝐵𝐷 and 𝑚∠𝐷𝐵𝐹 = 𝑚∠𝐹𝐵𝐶. 

Based on the angle addition postulate, we obtain ∠𝐸𝐵𝐷 + ∠𝐷𝐵𝐹 = ∠𝐸𝐵𝐹, so it can 

be concluded that ∠𝐸𝐵𝐹 = 90° or a right angle. 

 

The results of the interview showed that subject K2 was able to clarify the ideas he had 

discovered. The subject can explain each idea presented along with the reasons. 

 

Assess the reasonableness of ideas stage 

P : Are you sure that you have proof of the logistics? 

K2 (9) : yes, but there is a little less confidence when proving that the EBF angle is a right 

angle. 

P : Why do you feel unsure? 

K2 (10) : because there is no logical relationship from the statement ∠𝐸𝐵𝐷 + ∠𝐷𝐵𝐹 = ∠𝐸𝐵𝐹 

it is concluded that 𝑚∠𝐸𝐵𝐹 = 90°. 
 

The results of the interview show that subject K2 can assess the reasonableness of his 

ideas. The material explains the proof process along with the reasons for each step. The subject 

also explained that he felt doubtful about the final proof step. This means that K2 realized that 

something was not by the principles or definitions used in compiling the evidence. 
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Decision-making students of K3 group 

The stages of decision-making for Masters subjects are explained as follows.  

 

 

Figure 2. Example of student proof results from K3 group  

 

Building idea stage 

Subject K3 made a picture based on the statement in the question. Subjects create complete 

images with labels that comply with the rules of geometry. Interviews with K3 subjects related 

to the idea-building stage are as follows. 

 

P : Do you know the meaning of the question? 

K3(1) : this question is proof, that is, if it is known that two angles are complementary, then 

you are asked to prove that each angle is complementary. 

P : What ideas can be used to solve this problem? 

K3(2) : to solve this problem, a picture is needed, things that are known and what will be 

proven based on the picture, as well as a proof process. Apart from that, the definition 

of right angles, the definition of complementary angles, congruent angles, the postulate 

of addition of angles, and the nature of substitution are required. 

P : What method of proof will you apply? Why? 

K3(3) : I will use the direct proof method because I think it is easier than the indirect method. 

P : What are your steps for compiling this evidence? 

K3(4) : I made two columns, for statements and reasons. Then I will start compiling proof 

based on things that are known and with specifications of these things with definitions 

(definition of congruent angles, right angles, complementary angles), the postulate of 

addition of angles, and the nature of substitution. 

 

Based on the written results in Figure 2 and the results of the interview show that K3 

can express his ideas to provide proof. The interview results showed that K3 expressed ideas to 
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solve problems. K3 mentioned ideas in the form of problem-solving steps, namely making 

pictures based on what is known, determining what is known and what will be proven based on 

the picture, and compiling proof. K3 also expresses ideas for proof, namely related to 

definitions (congruent angles, right angles, complementary angles), the postulate of addition of 

angles, and the nature of substitution. The subject has the idea of using a direct proof method 

but for less scientific reasons. 

 

Clarifying ideas stage 

Figure 2 is known to show that K3 wrote things based on the pictures he had made. The subject 

wrote that what is known is ∠𝐴𝐵𝐶 supplemented with ∠𝐶𝐵𝐷. The subject also wrote down 

what would be proven, namely that ∠𝑅𝐵𝐶 is complementary to ∠𝐶𝐵𝑄. K3 has also prepared 

evidence in a two-column format, namely the statement column and the reasons column. K3 

arranges the evidence in these columns, starting from what is known to what will be proven at 

the end of the proof. Explanations related to clarifying ideas are as follows. 

 

P : Can you explain the ideas you conveyed earlier for the proof process? 

K3(4) : to solve the proof problem, my first step was to make a picture based on the information 

in the problem. From the question it is stated that 'the bisectors from two angles are 

mutually complementary'. So I drew angle 𝐴𝐵𝐶 supplemented with angle 𝐶𝐵𝐷. I also 

drew ray 𝐵𝐶 as the bisector of angle 𝐴𝐵𝐶 and ray 𝐵𝑄 as the bisector of angle 𝐶𝐵𝐷. 

Then I wrote down the things that are known, namely ∠𝐴𝐵𝐶 supplemented with ∠𝐶𝐵𝐷, 

and the things that will be proven, namely ∠𝑅𝐵𝐶 complemented with ∠𝐶𝐵𝑄. 

P : explain the evidence you have compiled! 

K3(5) : The first step I wrote in the statement column was ∠𝐴𝐵𝐶 supplemented with ∠𝐶𝐵𝐷 

and in the reason column I wrote 'known'. Next, based on the definition of a right angle, 

I wrote 𝑚∠𝐴𝐵𝐶 = 90° and 𝑚∠𝐶𝐵𝐷 = 90°. The third step, 𝑚∠𝐴𝐵𝑅 + 𝑚∠𝑅𝐵𝐶 =
𝑚∠𝐴𝐵𝐶 and 𝑚∠𝐶𝐵𝑄 + 𝑚∠𝑄𝐵𝐷 = 𝑚∠𝐶𝐵𝐷 is based on the angle addition postulate. 

𝑚∠𝐴𝐵𝑅 = 𝑚∠𝐶𝐵𝑄 based on the definition of congruent angles. In the 6th step, by 

substitution we get 𝑚∠𝐶𝐵𝑄 + 𝑚∠𝑅𝐵𝐶 = 90° and the conclusion is that 𝑚∠𝐶𝐵𝑄 is 

complementary to 𝑚∠𝑅𝐵𝐶 based on the definition of complementary angles, namely 

two angles are complementary if the sum of the measures of the two angles is 90°. 
 

Based on the interview results, K3 clarified the ideas found and the reasons, making 

known images complete with labels based on that information. Next, the subject writes down 

what he knows but needs to be completed. The subject writes down what will be proven 

correctly. K3 organizes the proof in a two-column format and connects known things, 

postulates, definitions and properties, and equations, namely the nature of substitution. In the 

end, something is obtained that will be proven. 

 

Assessing the reasonableness of the idea stage 

K3 could not assess the reasonableness of the idea, and the subject felt confident in what was 

done even though what was written was incomplete. Subjects also believe that the evidence 

compiled is correct, but some of the conclusions obtained are based on something other than 

logical reasons. 
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Q : Are you sure that the proof you did is correct? 

K3(6) : I am sure my picture is correct because it matches the hypothesis in the question. The 

proof steps are also correct in each step. 

Q : What do you think you know? Have you written it all down? 

K3(7) : yes, I have written everything 

Q : What about the evidence that you compiled, is every step correct? 

K3(8)  : yes 

 

K3 prepared the proof with the correct initial steps, but several steps were not appropriate, 

such as the statement in step number 2, namely 𝑚∠𝐴𝐵𝐶 = 90° and 𝑚∠𝐶𝐵𝐷 = 90°. This is not 

known in the hypothesis of the problem. 

Decision-making students of K4 group  

The results of the K4 written work are presented in Figure 3 as follows. 

 

 

Figure 3. Example of student proof results from K4 group  

 

Building idea stage  

K4 re-wrote the question, remaining like the statement in the question. The subject makes a 

picture based on the question, and then the subject arranges the evidence in a two-column 

format, namely statement and reason. The written test results are explained based on the 

following interview excerpt. 

P : Do you understand the meaning of the question? 

K4(1) : Know the statement: 'the bisector of two supplementary angles forms a right angle'. 

We are asked to formally prove this statement. 

P : How can you prove it? 

K4(2) : I made a picture and then compiled the evidence. I draw a right angle 𝐴𝐵𝐶 at B and 

a right angle 𝐶𝐵𝐷 at B adjacent to each other. Then I made the ray 𝐵𝐹 the bisector of 

angle 𝐴𝐵𝐶 and the ray 𝐵𝐶 the bisector of angle 𝐶𝐵𝐷. 

P : Are there any other ideas? 
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K4(3) : Next, I arranged the evidence by making two columns: the statement column and the 

reasons. 

Based on the written results and interviews, K4 developed an idea to solve the proof 

problem by making an image based on the statement in the theorem. The subject then made a 

proof in a two-column format. 

 

Clarifying idea stage 

Figure 3 shows that K4 wrote back the questions complete with instructions. K4 created an 

image based on the question and then compiled the evidence by creating two columns: the 

statement and reasons. The interview results with S3 at the idea clarification stage are as 

follows. 

 

P : Can you explain the ideas you have conveyed earlier? 

K4(4) : first I wrote down the question because it was something that was known. Then I write 

down what I want to prove, that is, prove the statement formally. Next, I made a picture 

based on the problem, namely that there were two adjacent angles, each with its 

bisector. 

P : What do you do next regarding what was said earlier? 

K4(5) : I prove it by filling in the statement column: 'ray FB bisector angle ABC is 

supplemented by ray BE bisector angle DBC' and writing what is known in the reason 

column. In the second step, I wrote the statement: ′𝑚∠𝐴𝐵𝐶 + 𝑚∠𝐷𝐵𝐶 = 180°′ in the 

reason column I wrote the definition of a straight angle. In the third step, I wrote: 

'𝑚∠𝐴𝐵𝐶 = 90° and 𝑚∠𝐷𝐵𝐶 = 90°' based on the properties of Division in 

multiplication. 

P : Can you explain how you concluded that 𝑚∠𝐴𝐵𝐶 = 90° and 𝑚∠𝐷𝐵𝐶 = 90°? 

K4(6) : because the sum of two angles is 180°, each angle is 90° 
 

Based on the written results in Figure 3 and the interview results, K4 explained that the 

first step was to create an image based on the questions to solve the proof questions. The subject 

explained that he compiled the proof after making the picture. The subject can clarify the ideas 

presented previously, but some ideas need to be written down, namely things that are known 

and that will be proven. Subjects only write down things that are known according to the 

question or re-read the question. Some of the statements made need to be more accurate, for 

example: 'ray FB, the bisector of angle 𝐴𝐵𝐶, is supplemented by ray 𝐵𝐸, the bisector of angle 

𝐷𝐵𝐶'. This statement has no meaning because it does not comply with the rules of geometry. 

subject K4 was unable to understand the hypothesis so the statement made was incorrect. This 

also results in the initial steps in compiling evidence being incorrect. 

 

Assessing the reasonableness of an idea stage 

K4 believes that the proof process carried out was correct and arrived at a conclusion. 

 

P : Are you sure about that answer? 

K4(4) : yes, I'm sure. 

P : Has this question been proven? 
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K4(8) : I think it has been proven. 

 

Subjects cannot judge that the evidence that has been compiled is illogical. Some of the 

reasons given are not by the previous statement so the statements made are less/illogical. 

Discussion 

Decision-making ability has indicators that include: students' ability to build ideas, clarify ideas, 

and assess the reasonableness of ideas  (Murtafiah et al., 2019, 2022, 2023). When building 

ideas, students collect all ideas and think about each idea related to the conclusion that will be 

proven (Suwarno et al., 2022). 

 

Building idea stage 

At the building idea stage, Subject K2 begins problem-solving by creating images based on 

known information. Likewise, K3 and K4 also build ideas using the strategy of creating images 

based on known information. It shows that all subjects have ideas in the form of strategies that 

will be used in proof (Kosko & Herbst, 2012; Nunokawa, 2010).  

In contrast to K3 and K4, the image constructed by K2 is followed by a complete 

geometric label determination process using the rules existing in the geometric material. For 

example, to name points, use capital letters; for bisectors, it is a ray, a line that starts from a 

point and has an arrow at the other end. The resulting image will also be the basis for generating 

ideas for solving evidentiary problems. K2 writes down known things based on the pictures 

created. This step is in line with (Maarif et al., 2020) that the first step in the proof is to create 

an image based on the information in the question. 

The difference between K2, K3, and K4 in building ideas starting with drawing depends 

on each student's perception. Students' perceptions will influence the symbols given on the 

sketch diagram that has been constructed (Maarif et al., 2020). 

 

Clarifying ideas stage 

When clarifying ideas, students analyze their collected ideas and begin to build proof of ideas. 

Idea analysis is carried out to explain the ideas used at the idea-building stage (Colakkadioglu 

& Celik, 2016). Students classify ideas and can provide reasons and state assumptions of ideas 

in proof. 

Both K2, K3, and K4 can clarify the ideas they have discovered. Subjects K2 and K3 

could explain each idea presented along with the reasons. Although K4 can also explain his 

ideas, some ideas need to be written down, namely things that are known and that will be 

proven. K4 only writes down known things according to the question or re-reads the question. 

Students' ability to explain each idea is greatly influenced by their conceptual knowledge 

regarding geometric facts, concepts, definitions, principles/postulates/theorems  (Masfingatin 

et al., 2020). Geometry is a field of mathematics that is related not only to numbers but also to 

shapes, data, and space, so reasoning/logic is needed to solve problems (Chua & Wong, 2012). 
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Additionally, visual-spatial abilities are also needed to understand the concepts and principles 

(Wahab et al., 2018; Zakaria, 2013). 

 

Assessing the reasonableness of an idea stage 

When assessing the reasonableness of ideas, students assess all existing ideas (which have been 

built and clarified). Assessments can be made based on existing facts, things/hypotheses, 

postulates, theorems that have been proven, logical, and correct definitions or principles to 

determine the correct idea (Maarif et al., 2020; Marchisotti et al., 2018). 

At this stage, K2 can assess the reasonableness of his idea. The subject explains the proof 

process along with the reasons for each step. The subject also explained that he felt unsure about 

the last step of the proof. In contrast to K2, subjects K3 and K4 were unable to assess the idea 

of reasonableness. 

This stage of assessing the reasonableness of an idea is a determinant of the sequence in 

which a person is said to have good decision-making abilities or not (Murtafiah et al., 2023). 

This is because, at this stage, the selection or determination of the evidentiary steps to be carried 

out is carried out. This stage also determines whether a person's decision-making is correct or 

not. It is proven that K3 and K4, who could not assess the reasonableness of the idea, could not 

prove the given geometric problem. 

Conclusion  

With a proof ability of 80% (K2), the subject's decision-making ability can build and clarify 

ideas on geometric concepts/principles and assess the reasonableness of ideas even though the 

subject feels unsure about his choice. Subjects with a proof ability of 50% (K3) can build and 

clarify geometric concept/principal ideas but cannot assess the reasonableness of proof ideas. 

Subjects with a proof ability of less than 50% (K4) can build ideas on geometric 

concepts/principles, can clarify even though they are incomplete, and cannot assess the 

reasonableness of proof ideas. Students need to be equipped with decision-making skills in 

solving evidentiary problems as preparation to become mathematics teachers in the future. 

Decision-making abilities for future mathematics teachers are very important because students 

must also have these abilities to face future challenges that are closely related to rapid changes. 

Rapid changes require good decision-making skills to determine appropriate, accurate, and 

efficient choices. Future researchers can develop other mathematical proof problems that are 

more complex and varied in order to train the decision-making skills of prospective teacher 

students. 
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