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Abstract 
Discovery learning is a learning model that enhancescreative thinking skill including develops students' 

creative mathematical reasoning. Creative mathematical reasoning process includes novelty, plausibility, 

and mathematical foundation. This research aims to describe students’ creative mathematical reasoning 

of the mathematics education department on Geometry. The data was collected based on the observation 

and individual evaluation of students.The results showed that Discovery Learning can (1) grow as much 

as 35.48% of students have complete creative mathematical reasoning (novelty, plausibility, and 

mathematical foundation), (2) grow as much as 64.52% of students have incomplete creative 

mathematical reasoning, and (3) grow novelty by 77.42%. 
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INTRODUCTION 
The 21st century demands students 

to have life skills and thinking skills. 

Creative thinking and reasoning skills 

are essential, especially for 

Mathematics education students. Along 

with the demands of times, Mathematics 

learning, especially in Geometry, 

requires students to be active in 

constructing knowledge. Thus students 

are not only receiving material or 

knowledge but also actively 

participating in building theirown 

knowledge. Example of such learning is 

the implementation of discovery 

learning. The implementation of 

Discovery learning has been proven to 

provide better mathematics learning 

outcomes compared to conventional 

methods(Kistian, Armanto, & Sudrajat, 

2017), and successfully increase 

geometric learning achievement(In’am 

& Hajar, 2017; Ramdhani, Usodo, & 

Subanti, 2017). Also, the 

implementation of discovery learning 

successfully improves students’ creative 

thinking(Yuliani, Noer, & Rosidin, 

2018). 

Discovery learning encourages 

students’ participation in learning 

activities. Students are directly involved 

in acquiring material or concepts which 

foster realistic learning. Furthermore, in 

the process of concept discovery 

students are faced with familiar 

problems and required to solve the 

problem to understand the concept. The 

problem-solving process enables 

students to use their creative thinking 

skills. Original and creative ideas are 

needed in order to come up with ideas 

of problem-solving(Yuliawati & 

Panjaitan, 2017). 

Geometry is taught during the early 

semester in the mathematics education 

program. The level of geometry studied 

by college students is higher compared 

to those studied by high school students. 

For this reason, Students should 

demonstrate creative thinking as well as 
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creative reasoning in order to solve 

geometry problems with a variety of 

ideas. Previous studies have shown that 

students' problem-solving abilities in 

geometry are still low (Masfingatin, 

Murtafiah, & Krisdiana, 2018). Students 

have not been able to make connections 

between definitions, postulates, and 

theorems creatively. Their limited idea 

in solving geometry problem leads to 

failure. 

Problem-solving and reasoning 

process are related to one another. To 

formulate a solution to a certain 

problem, students must be able to 

provide a reason. The reasoning is a 

process of drawing conclusions based 

on true statements statement or assumed 

to be true. Students must have the 

ability to analyze the problem and 

connect between facts, concepts, 

definitions, postulates and theory that 

have been proven before arriving at a 

conclusion, then linked to previous 

information to formulate a solution. 

Preliminary research shows that 

students' problem-solving abilities are 

dominated by algorithmic 

reasoning(Sukirwan, Darhim, & 

Herman, 2018). Algorithmic reasoning 

is a reasoning process which 

algorithmically follows only the known 

patterns. Students will face difficulty if 

this pattern of problem-solution 

continues. To this, creative reasoning 

abilities are needed. Mathematical 

creative reasoning allows students to 

solve problems from various points of 

view and strategies. Creative reasoning 

is better than algorithmic reasoning, as 

it will develop students’ problem-

solving quality. 
The problem related to the quality 

of student reasoning in geometry needs 

to be seriously addressed. Innovation in 

learning is needed to develop students' 

creativity in mathematical reasoning. 

Therefore, the researchers intend to 

apply discovery learning in geometry 

courses. (Hosnan, 2014) The process of 

Discovery learning includes: (1) 

providing stimulus, (2) identifying 

problems, (3) collecting data, (4) 

processing data or information, (5) 

verifying data, and (6) drawing 

conclusions. The process of discovery 

learning requires students to actively 

construct knowledge and linking 

concepts to find new concepts as the 

goal of learning. 

Discovery learning is categorized 

as research-based learning shown by the 

process of learning that students have to 

conduct(Prahmana, 2015). Research-

based learning has been proven 

effective in developing the professional 

competence of Mathematics education 

students, especially in geometry 

(Masfingatin, Murtafiah, & Krisdiana, 

2017). The implementation of discovery 

learning effectively improve reasoning 

abilities(Safrida., M, & Hajidin., 2019), 

stimulate creative thinking, as well as 

assist students in finding new 

knowledge or concepts(Jayanto & Noer, 

2013). Also, the result shows that 

discovery learning effectively improves 

creative thinking skills(Tumurun, 

Gusrayani, & Jayadinata, 2016; Yuliani 

et al., 2018), which enable the 

improvement of creative mathematical 

reasoning.  

Several studies on the application 

of discovery learning in geometry have 

been conducted (In’am & Hajar, 2017; 

Khasanah, Usodo, & Subanti, 2018; 

Sahara, Mardiyana, & Saputro, 2018). 

Research by Safrida, et al. (2019)also 

applies discovery learning in 
mathematics learning. The results of the 

study indicate that discovery learning 

can improve students' mathematical 

reasoning abilities. The mathematical 

reasoning referred to in the study is 
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mathematical reasoning according to 

Depdiknas (2004),and have not shown 

any indicators of creative mathematical 

reasoning. Therefore, researchers 

conduct research on the exploration of 

creative mathematical reasoning 

through the application of discovery 

learning that has not been revealed in 

previous studies. 

The results of this study can be 

used as consideration for the selection 

of learning models in an effort to foster 

higher quality student reasoning, 

namely creative mathematical 

reasoning.The ability of creative 

reasoning will affect the improvement 

of student learning outcomes, especially 

in geometry. 

 

METHODS 

This research is a descriptive 

study with a qualitative approach.This 

research was conducted in Universitas 

PGRI Madiun. The subjects of this 

research were 1st-semester students in 

the mathematics education program 

consisting of 31 students who were 

takinga geometry course. This research 

describes the implementation of 

discovery learning and the ability of 

creative mathematical reasoning.  

Data were collected through 

observation, tests, and interviews.The 

research instrument was an individual 

test as in Figure 1. 

 

 

The picture shows that      
    . 

Determine the function of 

  ̅̅ ̅̅ in    . Explain your reason! 
 

Figure 1. Individual test question. 

 

Observations were conducted 

while learning was in progress to obtain 

a picture during the implementation of 

discovery learning. Individual tests 

were carried out at the end of learning 

activities to determine the students' 

creative reasoning abilities related to 

geometry.  

Research subjects were 

determined based on answers to 

individual test results. Individual test 

results are analyzed and grouped 

according to creative mathematical 

reasoning indicators. Each group is 

chosen by one subject. Furthermore, 

interviews were conducted on each 

selected subject. 

Interviews of selected subjects 

were conducted to verify written results 

and obtain in-depth data related to 

students' creative mathematical 

reasoning. Analysis of the data was 

written and interview conducted with, 

namely data reduction, data 

presentation, and drawing conclusion. 

Testing the validity of the data using 

triangulation techniques, namely data 

validity checking techniques by 

comparing the data from the test results 

and the results of interviews (Moleong, 

2005). 

 

RESULT AND DISCUSSION 

The application of discovery 

learning in geometry course is 

implemented, especially on congruent 

triangle material. Learning activities 

and creative mathematical reasoning 

ability of studentsare described as 

follows. 

 

Implementation of Discovery Learning 

Providing stimulus, which 

focuses on the discussion of the 

definition of congruent from two 

triangles. The process is then followed 

by discovery activities in which 

students formed a discussion group 
consisting of 3-4 members. Each group 

was given an activity sheet related tothe 

congruence of triangles. Example 

ofcongruence problem is two triangles 

with links in the sides and anglesas well 
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as propertiesresulting from two 

congruent triangles. The problem 

presented is as follows in Figure 2. 

 

 

"It is known that the 

triangle ABC with the 

length of AB and AC as 

well as the BAC angle are 

determined. A PQR 

triangle is constructed with 

the length of PQ equal to 

AB, AC equal to PR and 

the angle of RPQ is equal 

to BAC. Is the length of the 

BC the same as the length 

of the QR? " 

 

Figure 2. The problem for group discussion. 
 

Identifying Problem, students observe 

the problem and identify important 

information (the known information) 

from the problem followed by writing 

important information (the known 

information) and the problem asked. 

Collecting Data, students and groups 

collect data related to the problem 

presented. The data can be in the form 

of definitions, postulates, and theory 

related to problems. 

Processing information, students 

process the problems, consider the 

important known information relate to 

the question and the collected data. 

Students construct the PQR triangle 

based on information and provisions 

from the problem. Students construct 

the PQ by duplicating AB and 

duplicating the BAC angle to construct 

the RPQ. The process is then followed 

by constructing the homework through 

duplicating the AC on the ABC triangle. 

Finally, connect the points P and R to 

get the PR side of the PQR triangle. 
Students observe the ABC and PQR 

triangle. The observation should pay 

close attention to the length of the 

corresponding sides and the magnitude 

of the corresponding angles. 

Observations on the construction show 

that the PQR triangle is congruent with 

the ABC triangle. However, students 

were not able to conclude the reason for 

their observation. 

Verification, Students construct the 

triangles repeatedly to ensure that the 

triangles are always congruent. The 

analysis results show that the 

constructed triangles of ABC and PQR 

the same length of sides corresponding 

to the location. Furthermore, the 

corresponding angles are also equal. 

Likewise, the results of the construction 

of other ABC triangle. The analysis 

proves that the PQR and ABC triangle 

is congruent and therefore, in 

accordance with the definition of 

congruence. 

Drawing conclusions (discoveries), each 

group concludes that two triangles with 

two pairs of sides, in which each pair 

corresponding to each other and the 

pinched angle of the corresponding pair 

of sides is congruent, which is then 

called congruent triangles. Also, based 

on the definition of congruence of two 

triangles, all the corresponding parts of 

the two triangles are congruent. Upon 

the completion of the discovery process, 

students in the group conclude the 

findings. 

Furthermore, students were given 

individual assignments of reasoning 

tests to discover students' creative 

mathematical reasoning in connection to 

the triangle congruence after the 

application of Discovery Learning. The 

reasoning test questions are presented in 

Figure 1. 

 

Creative Mathematical Reasoning 

Ability of Students 
To discover the students' mathematical 

creative reasoning abilities, an analysis 

of the result of the individual test was 

conducted. The problem that the 

researcher gave to discover the 
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students’ mathematical reasoning 

ability(Figure 1) is not challenging 

enough. However, it is enough to 

discover students reasoning ability. The 

problem presented above enables 

students to use many solutions and 

categorized an open-ended problem 

which is in line with (Maharani, 2014), 

that the appropriate questions to 

develop students' creative thinking 

abilities are by giving open-ended 

questions. 

The results of students’ individual test 

were then analyzed based on indicators 

of creative mathematical reasoning 

abilities, namely novelty, plausibility 

and mathematical foundation. The 

results show the characteristics of 

student answers as presented in Table 1.

 

Table 1. Students' creative mathematical reasoning abilities. 

 

No Point of creative mathematical reasoning Number of students 

1 Novelty 77.42% 

2 Novelty, Plausibility 58.06% 

3 Novelty, Plausibility, Mathematical Foundation 35.48% 

 

Some of the students’ answers 

were analyzed to describe students' 

creative mathematical reasoning upon 

the application of discovery learning in 

geometry. Each group of students in 

Table 1. was taken by one student to be 

interviewed regarding the ability of 

creative mathematical reasoning.The 

results showed that 77.42% of students 

were only able to show novelty, 

indicated by the formation of new 

reasoning (for students), or the 

appearance of the long-forgotten 

reasoning. The following is the example 

of students’ answers related to the 

criteria for the novelty of KSA and AL 

students. 

 
Researcher_1: can you explain how do you 

answer that question? 

KSA_1: Based on the picture in the problem, it 

can be seen that the CD side 

divides two triangles that are equal 

in size, also,the CD perpendicular 

to AB, so that the CD is a 

perpendicular bisector of the 

triangle ABC. 

Researcher_2: can you explain the reason for 

your answer that CD divide ABC 

intotwo equally triangles? 

KSA_2: from the picture, it can be seen that 

ACD and BCD triangles have the 

same size. The dimensions of the 

corresponding sides are the same 

length ". 

Researcher_3: How do you know the CD is 

perpendicular to AB? Is it known in 

the problem? 

KSA_3: From the image, it can be seen that CD 

is perpendicular to AB 

Researcher_4: Other than being perpendicular 

bisector, does CD have another 

role? 

KSA_4: CD is also an angle bisector because in 

the figure it is known that the CD 

divides the ACB angle into two 

congruent angles 

 

KSA students write more than 

one answer related to the questions 

given. However, their answers were not 

supported by mathematical properties in 

addition to unable of providing 

supporting arguments that logically 

support the answers. They provide more 

than one possibility of the CD line 

function on the problem, namely as a 

perpendicular bisector and as an angle 

bisector but fail to provide a logical 

explanation for the answers. Referring 

to the results of the student interviews 

(KSA_1, 2, 3 and 4) which show that 

there is no logical relationship between 

the known information and student 
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answers, it proves that students’ are lack 

of sequential thinking leading to failure 

in providing logical explanation 

(Masfingatin & Murtafiah, 2017). Their 

arguments were only based on 

definitions without referring to the 

important information presented in the 

problem. Also, students use the intuitive 

ability by observing the image to 

concludeinstead of using mathematical 

properties. This action shows that 

students have a semantic understanding 

based on intuition(Weber & Alcock, 

2004; Tumurun et al., 2016). Thus KSA 

students only show novelty indicators 

but do not show plausibility and 

mathematical foundation. 

 

AL Students 

AL students’answers show 

novelty and plausibility indicators. They 

wrotethe known information from the 

problem; namely, ∆ACD ∆BCD 
followed by notting down that CD side 

plays three roles, namely as a 

perpendicular bisector, angle bisector 

and as a high line. The students wrote 

the definitions of each bisector 

perpendicular, bisector angle, and high 

line in each answer. Although Students 

were still not able to associate the 

known information to the possible 

solution, they were at least able to write 

the definition. Below shows the 

thoughtfulness in thinking of AL 

students. 
 

Researcher_1: In the problem that you have 

worked on, explain the steps in the 

process! 

AL_1: First note that the ACD triangle is 

congruent with the BCD triangle as 

shown. Based on the image, the CD 

line functions as perpendicular 

bisector because CD side divides the 

AB side into 2 equal lengths, namely 

the AD and DB sides, and the AB 

perpendicular to CD. 

Researcher_2: in your picture, the AD side is 

not the same as the DB, how can you 

explain that AD is the same as the DB? 

AL_2: I copied it incorrectly, ma'am, the picture 

in AD should be the same length as 

DB. 

Researcher 3: then how can you explain that the 

CD is perpendicular to AB? Is it 

known in the problem? 

AL_3: unknown ma’am ... however, if I use a 

bow to measure it, the two lines form a 

right angle to each other, so that the 

two lines are perpendicular to each 

other. 

The above data presents 

information on students’ reasoning 

ability. Students have been able to 

mention more than one possible role of 

CD line from ABC triangle. AL 

mentionedsome elements that lead to 

the definition (Figures 2 and AL_1) in 

addition to being able to show the 

presence of twists in thinking, 

andprovide reasoning which lead to 

conclusions which show their ability in 

providing logical reasons related to the 

answers although it was only based on 

the observation of the image (AL_2), 

and the measurements result of the 

image (AL_3). Students used more of 

their intuition instead of their 

understanding of mathematical 

properties, which shows that they still 

lack creative mathematical reasoning 

and mathematical foundation. 

 

EM Students 

Analysis of EM Student answers 

who submit the complete answers. The 

result of EM’s works showsreasoning 

that fulfills novelty, plausibility, and 

mathematical foundation.EM students 

write down the known information 

followed by some possible roles of the 
CD line completed with supporting 

arguments in two columns, namely 

statements and reasons. Students 

analyze the relationship of known 

information with proven definitions and 

theorems. In addition to providing 
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possible roles of the CD line, they were 

able to show the logical relationship of 

information with the definition of two 

congruent triangles, to which lead to the 

conclusion of congruence in 

corresponding sides and the 

corresponding angles between the two 

known triangles (ACD and BCD). This 

finding shows the presence of logical 

connection in supporting the answers 

added with mathematical properties 

(definition, theorem, and mathematical 

language), which shows creative 

mathematical reasoning of EM students. 

(Lithner, 2008). 

The application of discovery 

learning in geometry was able to 

explore the students’ creative 

mathematical reasoning. Students who 

showed the development of creative 

mathematical reasoning were identified 

at 35.48%.  

This information shows 

students’ creativity on the 

implementation of discovery 

learning(Hosnan, 2014),which proven 

to improve students’ ability to think 

creatively(Yuliani et al., 2018). The 

stimulus presented requires students to 

actively construct knowledge, gather 

information, analyze relationships 

which lead tothe conclusion of the 

concept. Independent task which 

demands many solutions were given 

task (open-ended)(Daly, Mosyjowski, 

Oprea, Huang-Saad, & Seifert, 2016; 

Maharani, 2014) to foster students’ 

creative thinking. This is in line 

with(Ramdhani et al., 2017; Yuliani et 

al., 2018) that the creative questions 

presented in discovery learning attract 

students to use their creative thinking to 
find mathematical concepts through 

understanding and relating the concept 

to others. 

Creative mathematical reasoning 

shows the quality of student reasoning 

that meets the indicators of novelty, 

plausibility and mathematical 

foundation(Lithner, 2008). In the 

application of discovery learning, the 

most often emerging indicators area 

novelty, when students can recall the 

lost reasoning or show new (Handayani, 

2013; Lithner, 2008; Olsson, 2017), 

which was identified when students 

couldmention some possible answers. 

Students who demonstrate the ability of 

novelty can define the concept of the 

perpendicular bisector, but fail to 

explain the concept of the angle bisector 

using mathematical property and more 

to using their intuition and the results of 

image observations to form reasoning. 

This result shows that students have a 

semantic understanding or effective 

intuition(Weber & Alcock, 2004). 

Through the application of discovery 

learning students already have an 

understanding supported by intuition to 

form answers. This is in line with the 

results of research(Khasanah et al., 

2018)that the process of discovery 

learning leads students to understand 

and transfer their knowledge to various 

contexts to create meaningful learning. 

Novelty and plausibility were so 

obvious leaving behind the presence of 

mathematical foundation. Most of the 

arguments presented by students were 

not based on mathematical properties. 

Instead, Students tend to use intuition in 

their thinking process to give reason 

supporting their argument and arriving 

at conclusion. Although intuition can 

help students towards logical arguments 

through their thoughtfulness, it is not 

mathematically grounded. 

Previous research conducted by 
researchers (still in the process of 

publishing) is contrary to the results of 

this study, also the results of the 

study(Hidayat, Wahyudin, & 

Prabawanto, 2018).Previous research 
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shows that the novelty indicator is the 

weakest indicator in students' creative 

mathematical reasoning, so it requires 

scaffolding to bring it up. Previous 

research was conducted before the 

application of discovery learning in 

learning geometry, so it is very possible 

discovery learning is able to bring up 

novelty indicators in student reasoning. 

Thus the application of discovery 

learning is able to foster students' 

creative mathematical reasoning. 

 Discovery learning able 

todevelop complete creative 

mathematical reasoning as many as 

35.48% of students who show indicators 

of novelty, plausibility and 

mathematical foundation. It can also be 

stated that 64.52% of students still 

showed indicators of creative 

mathematical reasoning that were 

incomplete. This means that most 

students do not yet have creative 

mathematical reasoning. This is in 

linewith(Birkeland, 2019)that 

prospective mathematics teacher 

students have non-imitative reasoning. 

Non-imitative reasoning includes 

creative reasoning as well as reasoning 

that is not creative. In the research 

mentioned that student reasoning is in 

the gray zone, namely reasoning that is 

between imitative (imitating) and 

creative. In this research we call it 

incomplete creative mathematical 

reasoning. 

 

CONCLUSION 

The application of discovery 

learning is suitable to explore students' 

creative mathematical reasoning. 

Approximately 35.48% of students 
showed creative mathematical 

reasoning that fulfills novelty, 

plausibility and mathematical 

foundationand 64.52% students have 

incomplete creative mathematical 

reasoning. Novelty is shown when 

students are able to mention more than 

one possible answer. This shows that 

students are able to form new reasoning. 

Plausibility when students are able to 

provide logical reasoning that supports 

answers. Mathematics foundation is 

shown from the arguments presented 

based on mathematical properties 

(definition, theorem and mathematical 

language). While students with weak 

reasoning ability tend to use their 

intuition to solve the problem and make 

conclusion instead of using 

mathematical properties. For further 

research it is recommended to apply 

discovery learning as an alternative to 

developing students' creative 

mathematical reasoning. 
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