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Abstract. This study aims to explore the four phases of Polya in solving story problems in linear programming material in
terms of student beliefs. Polya's ideas about the four phases of solving math problems are of particular concern to mathematics
educators. This study reveals the four phases of Polya by looking at students' beliefs in each process. The type of grounded
theory research method design that emerges is used to reveal Polya's beliefs in class XI IPS in terms of high, medium, and low
initial mathematical ability (IMA) students. Data collection techniques in Emerging Design use interviews and documentation
in six ways, namely discussion as recitation, teacher-directed conversation, open conversation, asking challenging questions, as
knowledge transfer with guidance, and as a verbal interaction practice. The results showed that 1) the students beliefs in
understanding the questions greatly influenced the understanding of the questions, 2) The students' beliefs in writing what was
known in the questions affected the planning stage, 3) the students beliefs in implementing the plan not strongly influenced the
implementation of the planning stage, 4) the students' beliefs in the overall answer does not affect the hindsight stage.
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1. INTRODUCTION

The learning process of mathematics trains students
in general problem solving or mathematical problem
solving both inside and outside the classroom. The
process of solving mathematical problems has at least
two aspects, namely mathematics as a "process of
determining from general to particular" and mathematics
as a "process of discovering” science [1]. In the second
aspect, Polya states four phases in solving mathematical
problems based on her experience as a mathematician
[1].

The fact about a person's success in solving
problems depends on his mathematical abilities, which
are specifically referred to as mathematical proficiency
[2],[3]. The analysis of mathematical ability in previous

studies shows that the indicators intersect with the four
phases of Polya, but there are indicators that are not
found in the four phases of Polya, namely the
disposition of productive beliefs [2].

Meanwhile, there is an interwoven relationship
between student beliefs and problem-solving
approaches, but a causal relationship can be established
between certain beliefs and problem-solving activities
[4]. However, solving mathematical problems is
generally influenced by student beliefs, both positive
and negative, where the positive influence of students
persists in finding solutions and the negative influence
of students giving up in answering questions [5].

In this study, we explored Polya's four stages in
solving linear program story problems based on
students' beliefs where the material being studied is a
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method or application of mathematical techniques used
to solve problems that occur in everyday life.
Mathematically, the aim of linear programming is to
determine the optimization of the linear function under
one linear function condition [6], [7].

2. THEORETICAL BASIS

Polya's four phases are ideas raised by Polya when
someone wants to solve a mathematical problem. First,
understanding the problem, which means we have to
understand the problem by asking questions such as:
"What is not known yet?", "What data is there?" and
"What is the condition of the problem?" [1].

Second, devising a plan which means action to find
the relationship between data and unknown variables in
the problem through self-reflection such as "Have we
ever seen this problem before?", "Have we ever seen the
same problem in another form™ and "Do we know any
possible mathematical theorems?". Third, carrying out
the plan, which means implementing the plan that will
be used in the second phase by checking every step that
has been planned. Fourth, looking back, which means
testing the results obtained [1].

The four phases of Polya have indicators that
intersect with mathematical proficiency, but there is a
loose indicator, namely belief which means the belief
that someone can learn mathematics with the right effort
[2]. In the view of social psychology, belief is defined as
one of the cognitive units [8] which influences students
in solving mathematical problems and motivation in
making decisions [9].

Belief is sometimes not defined by researchers
because of its research interest and variations in the
notion of belief itself [10]. However, in this study, we
use the definition of belief in the problem solving
process as a belief that is believed to be a belief that
influences a person to make decisions and get answers
[5].

This study also uses the definition of belief about the
problem of storytelling which is defined as belief in
manipulating a situation [11]. While story problems are
defined as text that describes situations that are assumed
to be familiar to the reader, asking quantitative questions
and answering them requires mathematical operations
using the data contained in the text [11].

Regarding the four phases of Polya and the emerging
design used in this study, there are other studies which
state that there has been an increase in the application of
strategies in foreign exchange plans to solve
mathematical problems [12]. Therefore, we believe that
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this study is able to reveal a small part of the four phases
of Polya in terms of student belief [13].

The mathematical material used in this research is
linear programming material with the assumption that
the material fulfills the six steps of solving conditions
[14] into the four phases of Polya and belief in solving
problems. In addition, linear programming allows us to
see the interactive process of mathematical models in
certain situations, analyze the model and test the model
of the problem [15].

3. RESEARCH METHODOLOGY

In order to reveal how students believe in the four
phases of Polya in their work in solving linear program
story problems, qualitative research was used with a
grounded theory type of design that appeared to 3
students in terms of the three levels of students' initial
mathematical abilities. The data collection procedures in
this study were interviews and documentation of test
results on linear program material. The interview used
contains open and flexible questions where the results of
the interview are used as a reference in six ways, namely
discussion as a recitation, as a teacher-directed
conversation, as an open conversation, asking
challenging questions, as a transformation of knowledge
along with guidance, and as a practice of verbal
interaction [16].

4. RESULTS AND DISCUSSION

The research data is in the form of students' work in
solving linear program story problems. "A boutique has
4 m of satin fabric and 5 m of prada cloth. From these
materials will be made two party clothes. Party dress |
requires 2 m satin and 1 m prada, party dress Il requires
1 m satin and 2 m prada. If the selling price of the first
party dress is Rp. 500,000.00 and party clothes Il of Rp.
400,000.00, the maximum sales result for the boutique
is... 7. In addition, the research data were obtained using
interview techniques related to student work.
Furthermore, these data are analyzed in a text based on
MaxQDA to see the beliefs of each Polya process.

Respondent 1 (R1) is a student with a high IMA
category who is analyzed for the first time. The result of
R1's work as in FIGURE 1, shows a complete answer
that looks imperfect where there is no visible strain or
barrier for. However, making a mathematical model is in
accordance with the conditions of the problem.
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FIGURE 1. Work Results R1

The results of the interview and text analysis show
that at the understanding the problem stage, R1 already
understands the substance of the problem, as in the
following interview excerpt:

R : Can you explain what is known in question

number one?

R1 : What is known is that the boutique has 4 m of
satin and 5 m of prada and what is being asked
here is not the fabric but the party dress. Party
dress one needs 2 m of satin and 1 m of prada
and party dress two requires 1 m of satin and 2
m of prada.

[R1 INTERVIEW PROBLEM NUMBER 1; Position: 6-7;

Author: Joko Soebagyo; 12/17/2019 8:15 AM; Weight

score: 0]

Based on the answers given, both interviews and
documentation, belief in R1 shows that belief in
understanding the questions is quite significant. This can
be seen in the following interview excerpt:

R : R1, do you understand what you mean by

question number one?

R1 : I understand"

[R1 INTERVIEW PROBLEM NUMBER 1; Position: 4-5;

Author: nuramanah noviyanti; 12/17/2019 2:42 PM;

Weight score: 0]

In the devising a plan stage, R1's ability related to

this stage can be seen in the following interview excerpt:

R : How do you change the known statement in
question number 1?

R1 : Party clothes 1 are replaced with X and party
clothes two are changed to Y, for example, if
party clothes 1 requires 2 m of satin fabric, it
means 2x and the second party clothes are like
that.

[R1 INTERVIEW PROBLEM NUMBER 1; Position: 10-

11; Author: Joko Soebagyo; 12/17/2019 9:18 AM; Weight

score: 0]

The interview excerpt above, shows that R1 is able
to do devising a plan. In addition, belief from R1 shows

belief in doing a devising plan can be seen in the
following interview excerpt:
R : Oh so let's say x and y like that? Are you sure
that writing what is known is in accordance
with question number 1?
R1 : Yes, | am sure.
[R1 INTERVIEW PROBLEM NUMBER 1; Position: 12-
14; Author: nuramanah noviyanti; 12/17/2019 2:43 PM;
Weight score: 0]

Meanwhile, R1's ability in carrying out a plan can be

seen in the following interview excerpt:

R : What steps do you know to solve this number
one question, the steps?

R1 : First put into the linear equation, then look for
the x and y points from each equation /
statement then we look for the image and then
find the area of the solution set then find the
corner point then the corner point is searched
by elimination

R : Then where do you put it again?

R1 : After that, enter Z = x y, that's the objective
function

R : What is the reason you chose steps like that?

R1 : Because such steps are easier to understand
and easier to work on and just enter these and
draw the area of the set of solutions and then
directly enter them into the objective function.

[R1 INTERVIEW PROBLEM NUMBER 1; Position: 15-

20; Author: Joko Soebagyo; 12/17/2019 9:29 AM; Weight

score: 0]

On the other hand, belief R1 is not visible at this
stage, but from the answers given both interviews and
documentation, implicitly it shows that R1 has
significant belief.

At the looking back stage, R1's ability can be seen in
the following interview excerpt:

R :You already understand, next time, for example,

if there is a problem like this written where x is
more than zero and y is more than zero, what if
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you don't write it down later, there will be no
corner points later.
Can you mention a conclusion at each step of
the solution in this problem?

R1 : What do you mean, sir?

R : For example, what was number 1 doing?

R1 : Look for the maximum sales results

R : This is what it's called for

R1 : Make a mathematical model, then draw a DHP
image and then look for the corner points

R : Continue to look for what

R1 : Ough, this is the last one to find the maximum
result, so put it in that objective.

R : Can you mention the conclusion of question
number one?

R1 : In conclusion the maximum value is 1.3 million.

R : This (1, 2) right, what kind of 1 is this?

R1 : Thisis X, thisis Y

R : What kind of party dress?

R1 : Party dress 1

R : Party clothes 2? Are the questions and answers
synchronized yet?

R1 : Yes.

R : Next time, we will check again later.
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[R1 INTERVIEW PROBLEM NUMBER 1; Position: 31-
49; Author: Joko Soebagyo; 12/17/2019 9:08 AM; Weight
score: 0]

These results show similarities to the results of
research [17] which states that beliefs related to one's
mathematical abilities have a direct effect on the ability
to solve problems. On the other hand, the results of this
study are similar to the results of other studies which
state that belief in R1 is obtained from indirect questions
about how it solves problems and from direct questions
about beliefs related to the problem [18]. In this
situation, [19] Stankov, L., & Lee states that belief
affects intelligence [19] but in the case of R1 with high
intelligence does not affect the last stage of Polya
phases. Probably, there are other aspects influent in that
stages but not revealed yet.

Respondent 2 (R2) is a student with a moderate IMA
category who is analyzed after students with a high IMA
category. The results of R2's work as in FIGURE 2,
shows a complete answer which looks also imperfect
where there is no visible strain or barrier for and the
creation of a mathematical model that is still not in
accordance with the problems in the problem.
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FIGURE 2. R2 Work Results

The results of the interview and text analysis show
that at the understanding the problem stage, R2 has
understood the substance of the problem, as in the
following interview excerpt:

R : Have you, try to explain what is known in

guestion number one?

R2 : It is known that the 1st party dress requires 2 m
of satin fabric and 1 m of prada, the second
party dress requires 1 m of satin and 2 m of
prada, continue to be asked, then the price of
the 1st party dress is 500,000 and the second
party dress is 500,000 400,000 "

[R2 INTERVIEW PROBLEM NUMBER 1; Position: 4-5;

Author: nuramanah noviyanti; 12/17/2019 2:58 PM;

Weight score: 0]

Based on the answers given, both interviews and
documentation, belief in R2 shows that belief in
understanding the questions is quite significant. This can
be seen in the following interview excerpt:

R : R2, do you understand what you mean by

question number one?

R2 : Yes, sir. ™

[R2 INTERVIEW PROBLEM NUMBER 1; Position: 2-3;

Author: nuramanah noviyanti; 12/17/2019 2:42 PM;

Weight score: 0]

In the devising a plan stage, R2's ability related to

this stage can be seen in the following interview excerpt:

R : Then how do you change the statement that is

known in question number 1, using what

method did you change the shape of the story
problem, how do you do it?
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R2 : Use the described method one by one.

R : How do you explain it?

R2 : So it was dubbed 2X + Y.

R :WhoisX?

R2 : X is satin

R :1see, thenY?

R2 :Y is prada cloth

R : Isthat how you describe it?

R2 : yes"

[R2 INTERVIEW PROBLEM NUMBER 1; Position: 14-
23; Author: nuramanah noviyanti; 12/17/2019 3:00 PM;
Weight score: 0]

The interview quote above, shows that R2 is able to
do devising a plan. In addition, belief in R2 shows belief
in doing a devising plan even though at this stage R2
still makes mistakes in determining the supply limit and
making models of the objective function. This can be
seen in the following interview excerpt:

R : Are you sure you write what you know is

appropriate in the questions?

R2 : Sure

R : Areyousure?

R2 : Sure"

[R2 INTERVIEW PROBLEM NUMBER 1; Position: 24-

27; Author: nuramanah noviyanti; 12/17/2019 2:43 PM;

Weight score: 0]

R : What's wrong with that?

R2 : You see, because this was the limit for party 1
and party clothes 2.

R : How much should the objective function be?

R2 : It should be 500,000x + 400,000y.

[R2 INTERVIEW PROBLEM NUMBER 1; Position: 62-

65; Author: nuramanah noviyanti; 12/17/2019 3:04 PM;

Weight score: 0]

Meanwhile, R2's ability in carrying out a plan can be
seen in the following interview excerpt:
R : What steps do you know to solve this number
one question?
R2 : Determine the x and then each x and y will be
determined later both of them will be

eliminated,

R :So0?

R2 : Then the result will be put into 4 m of satin plus
5 m of prada

R : Hmm, does it continue to run out?
R2 : After that, we will determine the maximum sales

result.
R :Already?
R2 : Alright.

[R2 INTERVIEW PROBLEM NUMBER 1; Position: 28-
35; Author: nuramanah noviyanti; 12/17/2019 3:02 PM,;
Weight score: 0]

On the other hand, belief R2 appears at this stage to
show less confidence in the completion that has been
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made. This can be seen in the following interview
excerpt:
R : Are you sure your answer is correct?
R2 : aa,, eee,, halfsir.
R : Half, you mean?
R2 : Yes, half-heartedly, I'm not too sure.
R : Half-half, aren't you sure?
R2 : Yes"
[R2 INTERVIEW PROBLEM NUMBER 1; Position: 36-
41; Author: nuramanah noviyanti; 12/17/2019 2:44 PM;
Weight score: Q]

At the looking back stage, R2's ability can be seen in

the following interview excerpt:

R : The procedure also has to be understood again,
can you continue to mention the conclusion at
each step of solving the problem?

R2 : Ha, the conclusion?

R :Yes. What do you think about the conclusion on
number one, try to state the conclusion?

R2 : In conclusion, what is the maximum amount of
satin and prada?

R : Who was asked what?

R2 : The one being asked for party clothes 1 is Rp.
500 thousand and party clothes 2 is Rp. 400
thousand.

R : Then what was asked?

R2 : The one asked for the maximum sales.

R : So what conclusion here do you get from this
work?

R2 : Ouh, it means the conclusion is cloth... the
maximum is 1,643,000, but it's wrong sir.

R : What's wrong with that?

R2 : You see, because this was the limit for party 1
and party clothes 2.

R : How much should the objective function be?

R2 : It should be 500,000x + 400,000y.

R : Then it was checked again, didn't your answer
after you finished the work on that question?

R2 : Not yet, | didn't read it first, | didn't read it
again, immediately did it, sir, just remember oh
my God. "

[R2 INTERVIEW PROBLEM NUMBER 1; Position: 50-

67; Author: nuramanah noviyanti; 12/17/2019 3:04 PM,;

Weight score: 0]

In the case of R2 with moderate IMA shows a strong
belief in phases of Polya one and two but less belief in
the others. These results similar to the finding of J
Wang et al. that claims belief had the power to solve
problems [20], on the one hand, but on the other hand in
this situation, R2 belief had several levels.  Some
interview results show that R2 had problems in how to
solve the story question problems of linear programming
and had decreases belief according to his mathematical
ability. In this study, we do not reveal the factors
specifically that make R2 had belief go down in the two
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last stages of Polya but it makes sense if belief treats as
media of mathematical performance [21] in problem-
solving.

Respondent 3 (R3) is the student with the last low
IMA category analyzed. The results of R3 work as
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shown in FIGURE 3, show a complete answer that
looks imperfect where there is no visible strain or barrier
for and also the creation of a mathematical model that is
not in accordance with the problem conditions.
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FIGURE 3. R3 Work Results

The results of the interview and text analysis show
that at the understanding the problem stage, R3 does not
yet understand the substance of the problem, as in the
following interview excerpt:

R : Not all? ok, try to explain what is known in

question number one?

R3 : At first, 4 m of cloth was put in with 5 m of

prada cloth, that is, what does it look like, the
same size, then it continues to run out 2 and 1
like the usual formula. "

[R3 INTERVIEW PROBLEM NUMBER 1; Position: 6-7;

Author: nuramanah noviyanti; 12/17/2019 7:20 PM;

Weight score: 0]

Based on the answers given, both interviews and
documentation, belief from R3 shows that belief is still
lacking in understanding the problem or it can be said to
be insignificant. This can be seen in the following
interview excerpt:

R : R3, do you understand the meaning of question

number one?

R3 : ee not all sir. "

[R3 INTERVIEW PROBLEM NUMBER 1; Position: 4-5;

Author: nuramanah noviyanti; 12/17/2019 2:41 PM;

Weight score: 0]

R :ohlsee don't getit?

R3 : yes, less this.

[R3 INTERVIEW PROBLEM NUMBER 1; Position: 12-
13; Author: nuramanah noviyanti; 12/17/2019 2:41 PM;
Weight score: 0]

In the devising a plan stage, R3's capabilities related
to this stage can be seen in the following interview
excerpt:

R : How do you change this known number 1

statement?

R3 : | just need to enter the numbers in the usual

way, just generate it and find the maximum
value. "

[R3 INTERVIEW PROBLEM NUMBER 1; Position: 14-
15; Author: nuramanah noviyanti; 12/17/2019 3:01 PM;
Weight score: Q]

The interview excerpt above, shows that R3 is also
not yet capable of making a devising plan. In addition,
belief from R3 shows that belief in the foreign exchange
plan seems insignificant or insignificant. This can be
seen in the following interview excerpt:

R : continue but here why don't you write down

what was asked on your answer sheet?

R3 : because of what, when | wrote the question

here, | couldn't get the answer. "

[R3 INTERVIEW PROBLEM NUMBER 1; Position: 10-

11; Author: nuramanah noviyanti; 12/17/2019 2:42 PM;

Weight score: Q]

R : | see, are you sure that writing down what you
know is in accordance with question number 1?

R3 : I don't think so sir

R : why not?

R3 : because | exist, there was an incorrect entry
because there were also people who forgot how
to use the formulas"

[R3 INTERVIEW PROBLEM NUMBER 1; Position: 16-

19; Author: nuramanah noviyanti; 12/17/2019 2:42 PM;

Weight score: Q]

Meanwhile, R3's ability in carrying out a plan can be
seen in the following interview excerpt:

R : Are there any steps that you know to solve the
problem?

R3 : | forgot a little, | forgot the first steps, if the
sequel has been found, you can do that. "

[R3 INTERVIEW PROBLEM NUMBER 1; Position: 20-

21; Author: nuramanah noviyanti; 12/17/2019 3:02 PM,;

Weight score: 0]

On the other hand, belief R3 is not visible at this
stage, but from the answers given both interviews and
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documentation, implicitly shows that R3 has
insignificant beliefs as in the following quote:

R : No, this is the maximum value, are you sure if
you try to check the steps for the solution, why
can you answer it all the points are entered?

R3 : Because as far as | know the formula is like that
sir when looking for the maximum value "

At the looking back stage, R3's ability can be seen in

the following interview excerpt:

R : So, then, if you look for the maximum value,
what is tested if you use the test point being
tested, this is the corner point in the area of the
settlement set, so tomorrow, be more careful.
Can you mention a conclusion at each step of
the solution in this problem?

R3 : eee, what do | do like this, sir, it's more or less
specific, taken from the answers here, so it
seems like the steps just need to be taken from
here put the usual formulas like that.

R : Can you mention the conclusion of question
number one?

R3: the conclusion is that the answer | get
2,500,000, the conclusion is to use a formula
like that was taught "

In the case of R3 with low IMA shows low belief in
all stages of Polya and affects problem solving abilities.
These results seem reasonable if the IMA and low belief
is in a person. Although, Laforce et al. claim that
someone belief not influence the problem-based learning
[22]but in the problem solving ability, belief had great
effect to solving problem[20].

5. CONCLUSION

Based on the results of observations, the results of
respondents' answers and interviews can be stated that
the four phases of Polya in solving linear story
questions, based on student beliefs, have a different
level. Our findings show that students with high IMA
and high belief are able to solve story problems on linear
programming material using the four Polya phases. In
this case, R1 does not show high belief in the hindsight
stage but shows strong confidence in the previous three
phases.

In the case of R2, students with moderate IMA,
beliefs in phases one and two show a strong belief, but
less so in phases three and four. This can be seen from
the results of the answers and interviews which are both
weak. In R3 case, students with low IMA, overall the
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Polya phase has low belief, where the results of the
answers and interviews show mistakes and are sure of
the answer itself.

In this study, it was not generally found that students'
beliefs in understanding questions greatly influenced the
stage of understanding the problem, students' beliefs in
the analysis of what was known in the questions
influenced the stage of designing a plan, students' beliefs
in carrying out a plan not strongly influenced the stage
of implementing a plan, while student beliefs in the
answer do not affect the hindsight stage.
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