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Abstract— Heuristics are general steps that guide in solving problems to find the solutions, one of which is problems in mathematical
literacy problems regarding Systems of Linear Equations in Two Variables (SLETYV) topic. This qualitative descriptive research aims to
describe students' heuristics in solving mathematical literacy questions on SLETV. Three subjects were selected through a
mathematical literacy test, namely one student with high test result criteria, one student with medium test result criteria and one
student with low test result criteria. The research instruments used were mathematical literacy tests, interview guides, and
documentation. Data analysis was carried out in three stages, namely reducing data, presenting data, and make a conclusions. The
research results showed that students with high and medium test result criteria used the same heuristics, namely ‘'make suppositions’,
‘use a model’, ‘use an equation’, ‘simplify the problem’, ‘solve part of the problem’, and ‘restate the problem’, while students with low
test result criteria did not use any heuristics in solving mathematical literacy questions because still confused about the process of
creating mathematical models. Even so, students with low test result criteria can write and mention the information they know and are
asked about in the questions well.

Keywords—Heuristics; Mathematical Literacy; Problem Solving; SLETV.

I. INTRODUCTION

One of the abilities that students need to have in facing current developments and daily life problems is mathematical literacy.
This is in line with the Organization for Economic Cooperation and Development (OECD) statement that mathematical literacy is
important for every individual to help understand the uses of mathematics as well as to make appropriate and logical decisions in
solving problems in everyday life. Therefore, individuals who have good mathematical literacy skills will find it easier to solve
the problems they face. However, the survey results of one of the international assessments that Indonesia participated in, namely
the Program for International Student Assessment (PISA) in 2022, show that the mathematical literacy of Indonesian students is
still not getting good results and has even decreased from the score in 2018. Indonesia's mathematical literacy score in PISA in
2022 is 366 which is still below the international average score of 472 [5].

In school learning, students have experienced strategic operations, heuristic patterns, or problem-solving approaches that are
underestimated or even prohibited because of traditional ideologies surrounding mathematics. This experience forces students to
abandon their chosen mathematical solution [4]. This forced compliance can create an unfair learning environment for students.
The key success factor that makes students dare to solve problems is by giving problems. Teachers need to illustrate the
importance of heuristics for solving mathematical problems [11]. Therefore, teachers need to let their students choose their own
way to solve problems without fear.

Vol. 46 No. 2 September 2024 ISSN: 2509-0119 17



ISSN: 2509-0119.
© 2024 Scholar AI LLC.
IJPSAT https://ijpsat.org/ Vol. 46 No. 2 September 2024, pp. 17-28

55N:2509-0119

International Journal of Progressive Sciences and Technologies (IJPSAT) 7 SCHOLAR Al

Heuristic as an adjective which means "helping to find" [6]. In line with this, heuristics are general guidelines that help
individuals to make progress towards a solution [8]. Furthermore, heuristics are a guide that is needed in solving a problem which
can lead to problem solving to find solutions to existing problems [7]. Heuristics are strategies for solving complex problems in the
form of stories or words [2]. Based on the description that has been explained, heuristics are a general step that guides in solving
problems to find solutions. Heuristics do not guarantee the right solution, but only guide in finding solutions where the steps in the
heuristic do not require sequential steps. Several types of heuristics according to Fan & Zhu (2007) that can help in the process of
solving problems are presented in Table 1 below.

Table 1. List of Problem Solving Heuristics

Heuristics Description

Act it out Using objects or people to show what is actually being described in the problem.

Change the point of view | Approach the problem from another perspective when a previous approach is ineffective.

Draw a diagram Create a sketch based on available information to represent the problem visually.

Guess and check Make a reasonable guess at the answer and then check the results to see if it works. If necessary,
repeate the procedure to find the answer, or at least a close approximation.

Logical reasoning Demonstrate that if a statement is accepted as true, then other statements can be proven true
based on that statement.

Look for a pattern Identify given patterns based on careful observation of common features, variations, or
differences in numbers, shapes, etc. in then problem.

Make a systematic list Build an organized list of all the possibilities for a givens situation and finally to find the answer.

Make a table Organizing data into a table and then using the entries in the table to solve the problem.

Make suppositions Making a hypothesis, and then based on the givens and hypothesis, figuring out the relationship
between the known and unknown, and finally solving the problem.

Restate the problem Restating the original problem so that the problem statement becomes familiar and easier to
understand.

Simplify the problem Changing the complex numbers or situations in the problem to be simpler without altering the

problem mathematically.

Solve part of the problem | Breaking a problem into several subproblems, then solving them one by one, and finally solving
the original problem.

Think of a related Using methods/results of a related problem, or recalling a related problem, or considering a
problem similar problems that have been solved before to solve the problem.
Use a model Creating visual representations (e.g., using points, lines, or other easily understood symbols) to

model information about quantities or relationships or changes involved in the problem.

Use an equation Using letters as variables to represent unknown quantities in a problem, and setting and solving
equations or inequalities to get the answer.

Use before—after Listing information given before and after action, and observing how it change between the two
situations (from before to after) to find the solution.

Concept

Work backwards Approaching a problem from its results or solutions backwards to find what conditions must

ultimately be met.

(Fan & Zhu, 2007)
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The content used in this study is System of Linear Equations in Two Variables (SLETV) which is one of the main subjects of
Algebra in class VIII. The context used to prepare questions is personal and social context. SLETV is a challenging mathematics
subject matter for students because it requires good reasoning skills and questions are often given in contextual form to make
them relevant to the real world. However, in reality, some students still have difficulty learning SLETV. Based on research, there
are students who do not understand the meaning of the problem, have difficulty converting the problem situation to a
mathematical model, do not understand the concept, and are formula-oriented which results in not being able to reach the right
solution [12]. To solve problems in SLETV topic, there are several processes that students go through. Some of these processes
require heuristics that can make things easier for students. Several opinions state that heuristics need to be strengthened in
mathematics learning [1], [9].

Based on the explanation that has been explained, this study aims to describe students' heuristics in solving mathematical
literacy problems on SLETV topic. Research conducted by Ruliani, et al. (2022) obtained results that female students used several
heuristics in solving number pattern problems, including making systematic lists, guess & check, and using models. Besides that,
only a female student samples were used in the study used the topic of number patterns. Meanwhile, in this study a sample of
female and male students was used, and the problems used were mathematical literacy questions on SLETV topic.

II. RESEARCH METHODS

This study aims to describe students' heuristics in solving mathematical literacy questions on SLETV topic, so the type of
research used is qualitative descriptive research. In this method, research results emphasize meaning rather than generalization.
This research was conducted at one of the secondary schools in Bantul Regency in the odd semester of the 2023/2024 academic
year. The characteristics of the research sample are a class that is superior to other classes of the same level according to the
mathematics teacher in charge. Research subjects were selected using a purposive sampling technique to select subjects based on
certain criteria because they wanted to know more about certain aspects of the research topic. The subject criteria are students
who have studied SLETV topic, are communicative and are willing to be subjects. The selection of research subjects was carried
out after grouping the test results that had been carried out. The subjects in this study were 3 students in VIII F class, consisting of
one student with high test result criteria, one student with medium test result criteria and one student with low test result criteria.
The three subjects are given different labels to make it easier to understand the research results presented in Table 2 below.

Table 2. Selected Subject Labels and Categories

No Subject Name Initials Subject Label Test Result Criteria
1. NZR S1 High

2. FNT S2 Medium

3. ARP S3 Low

The main instrument in this study is the researcher himself with supporting instruments, namely a test for completing
mathematical literacy questions, interview guidelines, and documentation. This instrument was used because it was considered
effective for obtaining the required data. The test is given in writing in the form of 2 descriptive questions which have gone
through a validation process first by expert judgment because good measuring instruments can obtain good results. The
mathematical literacy questions for the SLETV topic used in this research can be seen in Fig 1 below.
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Fig 1. Mathematical Literacy Questions from SLETV Topic

III. RESEARCH RESULTS

Researchers collected data using mathematical literacy tests and interviews. The students' heuristic results in solving
mathematical literacy questions on SLETV topic are as follows.
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Fig 2. Answer Sheet for Mathematical Literacy Questions on SLETV Topic Number 1 by S1

Based on Fig 2, S1 can write down the known and important information on the problem completely and correctly.
Furthermore, S1 makes an example to help in making a mathematical model using the known information with the substitution
method. The mathematical model is then used to find the age of Father and Ryo using the substitution method. After that, S1 finds
the age of Ryo's younger sibling using the known information, which is one-fifth of the sum of the ages of Father and Ryo, then S1

contains the related conclusions asked in the question. To find out more about the heuristics of subject S1 in solving problems, the
following interview was conducted.
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Table 3. Results of S1 Interviews related to Mathematical Literacy Questions on SLETV Topic Number 1

Label Interview Transcript

P What information is known from the question?

S1 The information known is that Father's age 2 years ago was 3 times Ryo's age, 6 years from now Father's age will be
28 years older than Ryo, and the age of the younger sibling is one-fifth the sum of Father's and Ryo's ages

P Then what is asked from the question?

S1 What is asked is Ryo's younger sibling's age now

P To find Ryo's younger sibling, what steps do you take?

S1 The first step is to find Father's age, the second is to find Ryo's age by knowing Father's age, then adding Father's
age and Ryo's age and the last step is to find Ryo's younger sibling's age which is one-fifth the sum of Father's and
Ryo's ages

P Before finding Father's and Ryo's ages, what do you do?

S1 Entering the previous assumption into the equation or making a mathematical model from what is known

P Are you sure about the answer?

S1 I am sure about the answer

Based on the interview results, S1 can mention the information known and asked in the question correctly. S1 explained that
to find the age of Ryo's younger sibling, the first step that must be taken is to make an assumption that is included in the heuristic
‘make suppositions’. Then make a mathematical model of what is known which is included in the heuristic “‘use a model’. After
that, find the father's age, then find Ryo's age after knowing the father's age which is included in the heuristic ‘use an equation’.
The last step is to find the age of Ryo's younger sibling by adding the age of the father and the age of Ryo, then the total is divided
by five. Furthermore, S1 makes a conclusion about the solution related to the problem in the question which is included in the
heuristic ‘restate the problem’. In general, S1 uses heuristics ‘solve part of the problem’ by finding the age of the father and the
age of Ryo first before finding the age of Ryo's younger sibling.
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Fig 3. Answer Sheet for Mathematical Literacy Questions on SLETV Topic Number 2 by S1

Based on Fig 3, S1 can write down the known and important information on the problem completely and correctly.
Furthermore, S1 makes an analogy to help in making a mathematical model using similar known information. The mathematical
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model is then used to find the weight of rice and eggs this month using the elimination and substitution methods. After that, S1
finds the difference between each rice and egg last month and this month using the known information, namely the increase
information, then S1 makes a conclusion related to the matter asked in the question. To find out more about the heuristics of
subject S1 in solving the problem, an interview was conducted as follows.

Table 4. Interview Results of S1 related to Mathematical Literacy Questions on SLETV Topic Number 2

Label Interview Transcript

P What information is known from the question?

S1 The information known from the question is that the Kasih Bunda Orphanage received assistance of 35 kg, namely
eggs and rice for last month, and this month received a total of rice and eggs that increased by 8 kg from last month,
namely for rice increased by 20% and eggs increased by 30% compared to last month

P Then what is asked from the question?

S1 What is being asked is the difference in weight of each rice and egg given last month and this month

P What steps did you take to find the weight of each rice and egg last month and this month?

S1 For the first step, namely finding the assumption for rice and eggs, namely rice is said to be ‘b’ and eggs are said to

be ‘t’. For the second step, namely creating a mathematical model by entering the known information. The third step
is to solve the formula or mathematical model with what is known. The fourth step is to conclude the results of the
calculation of the difference in rice and eggs for this month and last month

P After you find the weight of rice and eggs, you look for the difference using the increase information this month,
why?

S1 To be able to compare with the acquisition of rice and eggs obtained last month

P Does the increase mean the difference?

S1 Yes

P Are you sure about your answer?

S1 I am sure about my answer

Based on the interview results, S1 can mention the information known and asked in the question correctly. S1 explained that to
find the difference between rice and eggs last month and this month, the first step that must be taken is to make an assumption that
is included in the heuristic ‘make suppositions’. Then make a mathematical model of what is known that is included in the heuristic
‘use a model’. After that, find the weight of rice and eggs this month which is included in the heuristic ‘use an equation’. In the
elimination step, S1 also uses the heuristic ‘simplify the problem’ by changing from a fractional number to a regular number. The
last step is to find the difference between rice and eggs last month and this month using the increase information. Furthermore, S1
makes a conclusion regarding the solution to the problem in the question that is included in the heuristic ‘restate the problem’. In
general, S1 uses the heuristic ‘solve part of the problem’ by finding the weight of rice and eggs this month first before finding the
age of the difference between each rice and egg last month and this month.
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Fig 4. Answer Sheet for Mathematical Literacy Questions on SLETV Topic Number 1 by S2

Based on Fig 4, S2 can write down the known and important information on the problem completely and correctly.
Furthermore, S2 makes an example to create a mathematical model using the known information. The mathematical model is
used to find the age of Father and Ryo using the substitution and elimination methods. Then S2 finds the age of Ryo's younger
sibling and concludes the results according to what is asked in the question. To find out more about the heuristics of subject S2 in
solving problems, an interview was conducted as follows.

Table 5. Interview Results of S2 related to Mathematical Literacy Questions on SLETV Topic Number 1

Label Interview Transcript
P What information is known from the question?
S1 Father's age 2 years ago was 3 times of Ryo's age, 6 years from now Father's age is 28 years older than Ryo, and the
age of the younger sibling is 1/5 of the age of Father and Ryo
P Then what is asked from the question?
S1 Ryo's younger sibling's age now
P To find Ryo's younger sibling, what steps did you take?
S1 Find Ryo's age and find Ryo's father's age, then find Ryo's younger sibling's age
P Before finding the age of Father and Ryo, what did you do?
S1 Problem analysis
P What did you do in part b?
S1 Make analogies and make equations from the problem information
P What is the equation called?
S1 I don't know
P It's called a mathematical model, are you sure about the answer?
S1 Not sure because I usually miscalculate

Based on the interview results, S2 can mention the information known and asked in the question correctly. To find the age of
Ryo's younger sibling, S2 explained that the steps that must be taken are to make an analogy that is included in the heuristic ‘make
suppositions’. Then make an equation from the information in the question that is included in the heuristic ‘use a model’. After that,
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find the age of Father and Ryo which is included in the heuristic “‘use an equation’. Finally, find the age of Ryo's younger sibling.
Next, S2 makes a conclusion about the solution related to the problem in the question that is included in the heuristic ‘restate the
problem’. In general, S2 uses heuristics ‘solve part of the problem’, before finding the age of Ryo's younger sibling, S2 finds the
age of Father and Ryo first.
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Fig 5. Answer Sheet for Mathematical Literacy Questions SLETV Topic Number 2 by S2

Based on Fig 5, S2 can write down the known and important information on the problem completely and correctly. Then S2
makes an analogy to help in making a mathematical model using the known information. The mathematical model is then used to
find the weight of rice and eggs this month using the substitution and elimination methods. Furthermore, S2 finds the difference
between rice and eggs last month and this month using the results of the weight of rice and eggs this month which does not match
what was asked. After that, S2 makes a conclusion of the solution but it is still not right. To find out more about the heuristics of
subject S2 in solving problems, the following interview was conducted.

Table 6. Interview Results of S2 related to Mathematical Literacy Questions on SLETV Topic Number 2

Label Interview Transcript

P What information is known from the question?

S1 Last month's aid was 35 kg and this month's aid is 8 kg more with rice increasing by 20% and eggs increasing by
30%

P Then what is asked from the question?

S1 Difference in weight of rice and eggs

P What steps did you take to find the weight of each rice and egg last month and this month?

S1 Make an equation, but first make an example, for example ‘x’ is rice and ‘y’ is eggs. Then solve the equation that
has been made

P After you find the weight of rice and eggs, you immediately find the difference using the results of the weight of rice
and eggs this month, why?

S1 Because it is the difference in weight of rice and eggs

P That is the difference in weight of rice and eggs this month while what is asked is the difference of each rice and egg
last month and this month

S1 Oh yeah, I was not careful in reading the question

P Are you sure about the answer?

S1 Same as before, not sure

Based on the interview results, S2 can mention the information known and asked in the question correctly. To find the
difference between rice and eggs last month and this month, S2 explained that the steps that must be taken are to create an
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example that is included in the heuristic ‘make suppositions’. Then create a mathematical model that is included in the heuristic
‘use a model’. In creating a mathematical model, S2 also uses the heuristic ‘simplify the problem’ by changing from a fractional
number to a decimal number. Next, find the weight of rice and eggs this month which is included in the heuristic ‘use an
equation’. Finally, find the difference between rice and eggs last month and this month but it is not right. After that, S2 concludes
the solution related to the problem in the question that is included in the heuristic ‘restate the problem’. In general, S2 uses
heuristics to ‘solve part of the problem’.

) \nfevnpgy O

e
W\:v Aonon A Selgiin WML 2R

%\
=

Lroman AW BEOE O\ON £ kowi

Sumecnacg, broaon  Doedy FSNESS e i
Amac qavg 2yos FRCSCUNILIY o3

Vo proday moiath OxE R

r Q 7
. o F umac ® oW ¥
Oyawn \2> v s q Awa (-\“5\
Loumae
hape We QL\CQQO*(\% * S
RS gmae oo Qucoasdy e
C. vanus ody We " ‘3"‘5,\‘
2 1Y #A-=\0
SVE LR
> % \ g \ VRN + 6 -
S\ % e
R 7%', ) - = A

Fig 6. Answer Sheet for Mathematical Literacy Questions on SLETV Topic Number 1 by S3

Based on Fig 6, S3 can write down the known and important information on the problem completely and correctly.
Furthermore, S3 creates a mathematical model using the known but less precise information. After that, S3 tries to do elimination
using the mathematical model that was created but was not continued. To find out more about the heuristics of subject S3 in solving
the problem, an interview was conducted as follows.

Table 7. Interview Results S3 related to Mathematical Literacy Questions on SLETV Topic Number 1

Label Interview Transcript

P What information is known from the question?

S1 Two years ago, Father's age was 3 times of Ryo's age, while in the next 6 years the age difference will be 28 years,
and Ryo's younger sibling's age is the sum of Father's age and Ryo's age then multiplied by 1/5

P Then what is asked from the question?

S1 Ryo's younger sibling's age

P To find Ryo's younger sibling, what steps did you take?

S1 Make an equation first but I'm still confused about how to make it

P The equation is called a mathematical model. Therefore, you only repeat the information known in the question in
part b?

S1 Yes

P Does that mean you are not sure about the answer?

S1 Yes, not sure
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Based on the interview results, S3 was able to mention the information known and asked in the question correctly. S3
explained that he was still confused in making his mathematical model, therefore S3 only repeated the information known in the
question in the mathematical model section. Therefore, S3 did not continue his steps to find a solution to the problem in the
question. So in general, S3 did not use any heuristics in solving the question.
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Fig 7. Answer Sheet for Mathematical Literacy Questions on SLETV Topic Number 2 by S3

Based on Fig 7, S3 can write down the known and important information on the problem correctly. Then, S3 creates a
mathematical model using information that is known but not quite right. To find out more about the heuristics of subject S3 in
solving the problem, the following interview was conducted.

Table 8. Results of S3's Interview related to Mathematical Literacy Questions on SLETV Topic Number 2

Label Interview Transcript
P What information is known from the problem?
S1 Rice and eggs are 35 kg and contribute another 8 kg heavier than last month, rice increased by 20% and eggs
increased by 30%
P Then what is asked from the problem?
S1 Difference between rice and eggs this month
P What steps did you take to find the weight of each rice and egg last month and this month?
S1 Same as the previous question, I'm still confused on how to make the equation
P Okay, so you're not sure about the answer?
S1 Yes, I'm not sure

Based on the results of the interview, S3 was able to mention the information known and asked in the question correctly.
Similar to the previous question, S3 explained that he was still confused in the process of making a mathematical model. Therefore,
S3 did not continue his steps to find the answer to what was asked in the question. So in general, S3 did not use any heuristics in
solving the question.

IV. DISCUSSION

This study aims to describe students' heuristics in solving mathematical literacy questions on SLETV topic. Based on the
results of the study that has been conducted, S1 who has high test result criteria can write and mention the information known and
asked completely and correctly, which means that S1 can understand the problem well. In general, according to Fan & Zhu's
(2007) heuristics, S1 uses heuristics to solve part of the problem by solving the problem one by one to find information that is not
yet known and finally solves the original problem. Before finding information that is not yet known, S1 first uses the heuristic
‘make suppositions’ by using letters as variables that represent unknown quantities or information in the problem to help create a
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mathematical model. Then S1 uses the heuristic ‘use a model’ by creating an equation representation to model information about
the quantities or relationships involved in the problem.

After creating a mathematical model, S1 uses the model or equation to find unknown information. In this case, S1 performs a
heuristic ‘use an equation’ by solving the equation or mathematical model that has been created to get the answer using the
elimination and substitution methods. In this process, S1 also uses a heuristic ‘simplify the problem’ by changing the form of a
fraction to a regular number in the elimination process to facilitate the calculation process. Finally, S1 uses a heuristic ‘restate the
problem’ by restating the initial problem to draw conclusions related to what is asked in the question.

Based on the details that have been described, it can be concluded that S1 can solve mathematical literacy problems on
SLETV topic well using several heuristics such as ‘make suppositions’, ‘use a model’, ‘use an equation’, ‘simplify the problem’,
‘solve part of the problem’, and ‘restate the problem’. In general, S2 who has moderate test result criteria also uses the same
heuristics as S1 in solving mathematical literacy problems on SLETV topic. The difference is in the heuristic ‘simplify the
problem’, S2 uses the heuristic in the process of making a mathematical model, while S1 in the elimination process.

Furthermore, S3 who has low test result criteria can write and mention the information that is known and asked completely and
accurately, but S3 is still confused in the process of making a mathematical model. What should be done before making a
mathematical model is to make an suppositions, but S3 did not do that either. Therefore, S3 did not continue his steps to find a
solution to the problem in the question. Based on these details, it can be concluded that S3 did not carry out any heuristics in
solving mathematical literacy problems on SLETV topic. Several heuristics according to Fan & Zhu (2007) carried out by students
in solving mathematical literacy problems on SLETV topic can be seen in Table 9 below.

Table 9. Student Heuristics in Solving Mathematical Literacy Problems on SLETV Topic

Heuristics

Subject 1

Subject 2

Subject 3

Make suppositions

Using letters as variables that
represent unknown quantities or
information in a problem to help

create a mathematical model

Using letters as variables that
represent unknown information in a
problem to help create a

mathematical model

problem

Use a model Creating equation representations to | Creating equation representations to -
model information about quantities | model information known in a
or relationships involved in a | problem

Use an equation

Solving equations or mathematical
models that have been created to get
answers using the elimination and
substitution methods

Solving equations or mathematical
models to find solutions using the
elimination and substitution
methods

Simplify the problem

Changing the form of fractional
numbers to ordinary numbers in the
elimination process to facilitate the
calculation process

Changing the form of fractional
numbers to decimal numbers in
creating mathematical models to
facilitate the calculation process

Solve part of the
problem

Solve problems one by one to find
unknown information and finally
solve the original problem

Solve problems one by one to find
unknown information and then
solve the original problem

Restate the problem

Restate the initial problem to make
a related conclusion that is asked in
the question

Restate the initial problem to
conclude the solution to the

problem in the question
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V. CONCLUSION

Overall, some students can solve mathematical literacy problems on SLETV topic well. Students can write and mention
information that is known and asked well. Students with high and medium test result criteria tend to be systematic in solving
problems and understand the problems asked well. In solving mathematical literacy problems on SLETV topic, students with high
and medium test result criteria use heuristics ‘make suppositions’, ‘use a model’, ‘use an equation’, ‘simplify the problems’, ‘solve
part of the problem’, and ‘restate the problem’. In contrast, students with low test result criteria do not use any heuristics in solving
mathematical literacy problems on SLETV topic because still confused in the process of making mathematical models. Even so,
students with low test result criteria can write and mention information that is known and asked in the problem well.

After knowing the heuristics carried out by students in solving mathematical literacy problems on SLETV topic, this can then
be used as a reflection for teachers to emphasize the process of changing problem situations into mathematical models. This is
because there are still students who are confused about the process of making mathematical models, thus hindering the process of
solving problems on SLETV topic. One way that can be done is to accustom students to solving non-routine problems that contain
contextual problems. For further research, it is expected to use different types of questions with different class levels to find out
what heuristics students use in solving these problems.
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