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Abstract. Understanding problems and making mathematical models are essen-
tial factors in solving contextual problems. This research aims to provide a de-
tailed description of students' difficulties in understanding problems and making
mathematical models in contextual problem-solving dealing with arithmetic and
geometry. This research was qualitative with a phenomenological hermeneutic
design. The subject of the research was 60 eighth-grade students from two
schools in Bandung. The data collection techniques were tests and interviews.
Before using this instrument, it was validated by experts, especially on the con-
tent, construct, and face. The steps of data analysis were identifying the mean-
ings, determining the credibility, interpreting the data, identifying the themes,
and preparing the final report. There are four conclusions in this research. First,
the difficulties met by students in understanding problems are difficulties in un-
derstanding mathematical terms, reading comprehension, connecting the initial
and goals states, and connecting meanings. Second, the main factors that affect
student difficulties in understanding the problem are their lack of carefulness in
reading the task and conceptual understanding. Third, the difficulties met by stu-
dents in making mathematical models are related to their struggles in working
mathematically. Finally, the main factors that affect student difficulties in making
mathematical models are the students' lack of understanding of mathematical
concepts, their in-ability to apply these concepts, and their limited practical ex-
perience in mathematical modeling.
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1 Background

One of the main procedures that students must master in the problem-solving process
is that they must understand the problem before they can proceed to the next procedure
(Polya, 1957). Understanding the problem is the first step in solving problem (Brans-
ford & Stein, 1993; Polya, 1957). Bernardo (1999) states that the task of understanding
the problem is the most important thing in successfully solving the problem. Students
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who experience difficulties in understanding problems will certainly influence the sub-
sequent process of solving problems (Abdullah et al., 2015; Mokhtar et al., 2019;
Phonapichat et al., 2014; Santoso et al., 2017). Difficulty understanding the problem is
the difficulty experienced by students in understanding the main problem as a whole.
After understanding the problem, students must master in making the mathematical
model. Making a mathematical model is the process of translating a real situation into
a mathematical sentence (Blum, 2015). Mathematical modeling is an activity that de-
mands cognitive abilities such as understanding mathematical connections, non-math-
ematical competencies, and extra-mathematical knowledge, especially for translation
and conceptual ideas (Blum, 2015).

The 2018 PISA (Program for International Student Assessment) results show that
Indonesian students' scores are lower than the international average score (OECD,
2019). Nationally, around 71% of Indonesian students who take PISA do not reach the
minimum competency level in mathematics (Kemendikbud, 2019). The research results
of Haji et al. (2018) show that one of the difficulties experienced by students in solving
PISA questions is difficulty understanding the problem and making mathematical mod-
els. In line with the PISA results, students' abilities in working on Numeracy Minimum
Competency Assessment (AKM) questions are also still relatively low (Fauziah et al.,
2022). One of the difficulties in solving AKM questions is students' difficulty in under-
standing the content of the questions and making mathematical models
(Cahyanovianty, 2020; Sari et al., 2021).

Several studies in Indonesia found that students' ability to understand problems and
create models is still relatively low (Ariyani, 2019; Suhita et al., 2013). The difficulties
that students’ experiences are understanding the problem and the inability to interpret
the problem into a mathematical model (Sulistiowati et al., 2019). The highest difficulty
that students experience in solving problems is understanding and formulating the prob-
lem (Herman et al., 2022).

To help students overcome the difficulties in understanding problems and making
models that have been described previously, a clear description of students' difficulties
in understanding problems and making models is first needed. In this study, researchers
investigated the difficulties and factors causing students' difficulties in understanding
problems and making models. As for identifying students' difficulties in understanding
problems and making models, this can be done through analysis. Difficulties in under-
standing the problem and making models need to be analyzed in depth. An analysis of
students' difficulties in understanding problems and making mathematical models can
be used as a basis for designing better learning to improve the ability to understand
problems and the ability to create models, which leads to increasing students' ability to
solve contextual problems. Seeing the small number of studies that specifically discuss
the ability to understand problems and create models, there appears to be a great oppor-
tunity to examine in more depth the ability to understand problems and create models.
Based on the description above, researchers are interested in conducting research with
the title "Students' Difficulties in Understanding Problems and Making Mathematical
Models in the Process of Contextual Problem Solving."
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2 Method

This research was qualitative with a phenomenological hermeneutic design. Phenome-
nology as a philosophy involves intellectual activities in interpretation and meaning-
making (Farid, 2018). Phenomenology cannot understand phenomena as a whole with-
out giving meaning to individual experiences. Therefore, to understand this phenome-
non in depth, hermeneutics is needed, which is a philosophy of interpreting meaning
(Simega, 2013).

The study was carried out in the eighth-grade classrooms of two secondary schools
in Bandung, involving a total of 60 students. The methods used are tests, and interviews.
After taking the test, 12 students were selected to be research subjects for in-depth in-
terviews. These twelve students were selected based on the characteristics of their an-
swers when taking the test. Interviews were conducted to explore the reasons why they
reached these conclusions and possible solutions. For data collection carried out using
think aloud, students are given paper and pens to work on questions and explain their
mental activities in understanding and solving problems.

The main instrument in qualitative research is the researcher himself. The researcher,
as an instrument, will collect, process, and interpret data (Creswell, 2014). Supporting
instruments in qualitative research are contextual problem tests and interview guide-
lines. The test provided consists of 8 contextual problems, comprising 6 questions as-
sessing problem understanding and 2 questions assessing the ability to make mathemat-
ical models. The test is given in the form of long-answer questions so that researchers
can examine students' flow of thinking through the answers given. Before being given
to students, the test was validated by mathematics education experts for content, con-
struct, and face validity. The interviews used in this research were semi-structured in-
terviews. Semi-structured interviews are in-depth interviews that also allow for deeper
discovery (Magaldi & Berler, 2020). Interviews were conducted until no more new in-
formation could be obtained from the participants or until they felt they had provided
sufficient information.

There are four fundamental principles in this research, namely credibility, transfera-
bility, dependability, and confirmability (Yin, 2015). The indicators used for under-
standing problems in this study include understanding mathematical terms, reading
comprehension, connecting the initial and goals states, and connecting meaning. On the
other hand, the indicators for making mathematical models involve students' ability to
construct models pictorially or abstractly.

3 Result and Discussion

3.1  Students' Difficulties in Understanding Problems

The following is the percentage of students who experience difficulty in understanding
the problem.
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Table 1. Students' Difficulties in Understanding Contextual Problems

No Types of Difficulties Number of students
who experience diffi-
culty
1 Difficulty in understanding mathematical terms 55%,
2 Difficulty in reading comprehension 72%
3 Difficulty in connecting the initial and goals states 549,
4 Difficulty connecting meaning 79%

Based on Table 1 above, the difficulty most students face in understanding prob-
lems is connecting meaning. 79% of students have difficulty connecting meanings. The
next difficulty with the highest percentage is difficulty in capturing implied and explicit
meaning. 72% of students have difficulty capturing implied and explicit meaning.

3.2 Students' Difficulty in Making Mathematical Models

The following is the percentage of students' difficulty in making mathematical models.

Table 2. Students' Difficulties in Making Mathematical Models

No types of Mathematical Models Percentage of Students Who Experience
Difficulty

1 Pictorial mathematical model 92,5 %

2 Abstract mathematical model 87,5 %

Based on table 2 above, the difficulty most students face in making mathemati-
cal models is difficulty in making mathematical models in pictorial form. The number
of students who had difficulty making pictorial mathematical models was 92.5%.
Meanwhile, the number of students who had difficulty making abstract mathematical
models was 87.5%.

3.3  Factors Affecting Students’ Difficulties in Understanding Problems

Understanding mathematical terms

Problem 1:

There are 9 number cards, namely cards with the numbers 5, 17, 25, 3,10, 11, 9, 15 and
31. Bella takes cards with the numbers 5, 15 and two other cards so that the sum of the
four numbers on the cards is the card is 32. What is the ratio of the two numbers on the
other two cards?
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Fig. 1. S1’s Answer

Figure 1 shows that the student can determine the other two number cards so
that the total of the four cards is 32. However, from the result of this answer, it is not
clear that the student wrote an answer regarding the ratio between the other two number
cards. To confirm the student's answer, an interview was conducted with the subject.
The results of the interview can be seen as follows:

R Canyou explain your answer to this problem?

S1 : Bella takes 4 cards, miss. The total of the four cards is 32. Two cards are
already known, namely, 5 and 15, which total 20. So, the other two cards
must total 12. So, the possible cards are cards 9 and 3.

OK, that's right. But try to re-read the problem. What is the question?
The Ratio of the two numbers on the other two cards.
Okay. So, what is the ratio?
1 don't know miss.
. Do you know what the ratio is?
1 : No.
. Have you ever heard the word ‘ratio’ before? You've studied it, right?

S1 :  Yes. I've studied it, miss. But I've forgotten.

Based on the results of the answer and interviews with S1, the student experi-
enced difficulty interpreting the word "ratio". The factor that affects the student’s dif-
ficulty is that the student does not understand the concept of ratio well, so the student
cannot determine how to solve it to find the correct answer. Students' lack of knowledge
about words results in their not being able to interpret words correctly.

DU mU DL

Problem 2:
Toni has a younger brother. Toni's brother is 5 years younger than Bella. If Toni's
brother is currently 10 years old, how old is Bella now?

FTahah KATA8 vSia BCTIA IE6Th hode dari adik £on ¥ :
5 Tahsn kafa uSin BEHA lebh i dari adik toni Tany 5 years old, because Bella's age is younger
Befusia lo Tahyn than Toni's brother who is 10 years old

Fig. 2. S2’s Answer

Figure 2 shows that the student cannot answer problem 2 correctly. This can be
seen from the incorrect calculation results, where the student's final answer was 5 years,
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while the correct answer was 15 years. To confirm the student's answer, an interview
was conducted with the subject. The results of the interview can be seen as follows:

R . Can you explain your answer to this problem?

S2 . Bella is 5 years old, miss. Bella is younger than Toni's brother.

R : Why did you answer 5 years?

S2 : Because it said ‘5 years younger than’. It means that we do subtraction.

R : Your answer is still wrong. Toni's brother is 5 years younger than Bella. So,
who is younger? Is Toni’s brother or Bella?

S2 : Toni's brother, right?

R : Yes, that's right, Toni's brother, not Bella. Then why did you write that Bella
is younger?

S2 : The language is too difficult to understand, miss.

Based on the results of the answer and interviews with S2, the student was
unable to interpret the phrase "5 years younger than". The factor that affects the stu-
dent’s difficulty is that the student still lacks understanding of the concept of age com-
parison, which results in the student not being able to properly understand the phrase
"5 years younger than". Apart from that, based on the interview results, it was also
discovered that the student was not careful in reading the question, which resulted in
the student making mistakes in determining calculation techniques and being unable to
complete the solution steps to arrive at the meaning of the phrase "5 years younger
than".

Problem 3:
A mother's age is 5 years older than 3 times her daughter's age. If the mother's current
age is 41 years, how old is the daughter's current age?

uson \bu = 41‘\“"‘“‘” | | Mother’s age =41 years old
GMcts perumpuah = Daughter’s age=26
~Eex3 zis
> ql- 5= 26

Fig. 3. S3°s Answer

The picture above shows that the student cannot answer problem 3 correctly.
This can be seen from the incorrect calculation results, where the student's final answer
was 26 years, while the correct answer was 12 years. From the results of the answers,
it can be seen that the student still misinterpreted the sentence "A mother's age is 5
years older than 3 times her daughter's age." The student's solution step did not sym-
bolize the meaning of the sentence where the student did the wrong calculation, namely
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multiplying 5 and 3. To confirm the student's answer, an interview was conducted with
the subject. The results of the interview can be seen as follows:

R . Can you explain your answer to this problem?

S3 : Because in the question it is written ‘5 years older is 3 times her daughter's
age’ It means that I do multiplication. 5 X 3 = 15. Then I do subtraction 41 —
15 = 26. So, the daughter’s age is 26 years.

R : Are you sure that "5 years older than 3 times her daughter's age"” means
5% 3?

S3 : Actually, I don't know, miss

R . The meaning of "A mother's age is 5 years older than 3 times her daughter's

age" is not 5 X 3. Have you tried reading the question over and over again to
understand the sentence?
S3 : Not yet, miss.

Based on the results of the answer and interviews with S3, the student was una-
ble to interpret the sentence "A mother's age is 5 years older than 3 times her daughter's
age". The factor that affected the student's difficulty is that the student was not careful
when interpreting sentences that contained phrases, which resulted in them not being
able to determine the solution correctly. The student did not try to read the problem
repeatedly to understand the sentence "A mother is 5 years older than 3 times her daugh-
ter's age". The difficulties found above are in accordance with the research results of
Herman et al. (2022), who found that one of the main factors that causes students to
have difficulty understanding problems is difficulty interpreting language in words,
phrases, sentences, and between sentences.

Reading comprehension

Explicit meaning is the meaning written directly in the text or statement. This
has a clearly stated meaning and requires no additional interpretation. Meanwhile, im-
plicit meaning is meaning that is hidden or not stated explicitly in a text or statement.
This is a meaning that needs to be revealed or concluded based on understanding and
reasoning.

Problem 4:

Pak Hadi has a garden. The garden’s perimeter is rectangular. Mr. Hadi plans
to plant mini elephant grass throughout the garden area. The perimeter and width of
Pak Hadi’s Garden are 50 meters and 10 meters, respectively. The price of mini ele-
phant grass is IDR 20,000 per square meter. If Mr. Hadi has IDR 5,000,000, how much
money does Mr. Hadi have left after buying the grass?
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Fig. 4. S4’s Answer

Problem 4 contains implicit and explicit meanings. The implicit or hidden meaning in
problem 4 is that students must first determine the length and area of the garden before
they can answer the question asked. In this case, S4 cannot answer problem 4 correctly.
S4 did not determine the length and area of the garden in advance. In solving problem
4, S4 multiplied the perimeter of the garden by the price of grass per square meter,
multiplied the width of the garden by the price of grass per square meter, and then added
up the prices. To confirm the student's answer, an interview was conducted with the
subject. The results of the interview can be seen as follows:

S4 1 The perimeter is 50 meters, and the width is 10 meters. And the price of
grass is 20,000 per meter square. I multiplied 50 by 20,000, which is
1,000,000. Then I multiplied 10 by 20,000, i.e., 200,000. Then the number
is 1,200,000. Because Mr. Hadi's money is 5,000,000, so, Mr. Hadi has

3,800,000 lefi.
R 1 Are you sure about it?
S4 . Sure, miss. Am I doing it wrong, miss?
R 1 Yes. It is still wrong. The price of the grass is 20,000 per square meter.

This means you have to find the area of the garden first. Do you know how
to find the area if the perimeter and width are known?
S4 . I forgot how miss.

Based on the results of the answer and interviews with S4, the student was
unable to grasp the implicit meaning of the problem given. The student did not look for
the length and area of the garden first. The factor that affects the student’s difficulty is
the student still lacks contextual knowledge possessed by the student. Understanding
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implicit meaning requires understanding the context surrounding a given text or situa-
tion.

If students do not have a sufficient understanding of the context, they may
have difficulty grasping the implicit meaning. In this case, students' understanding of
the context regarding the area of a rectangle is still lacking. The difficulties above are
in line with the opinion of Emanuel et al. (2021), who say that students do not under-
stand the problem because they are not able to digest the meaning well, so they often
have difficulty understanding.

Connecting the initial and goals states

Problem 5:

Rafael plans to buy a new bicycle brand A. Rafael has savings of IDR 2,500,000 and
from his mother IDR 750,000. The next day, Rafael read a brochure from the "Golden
Bike" bicycle shop with the following price list.

Table 3. Price list in the “Golden Bike” store

Brand Price
A Rp3.000.000
B Rp3.000.000
C Rp3.500.000
D Rp4.000.000

The brochure also states that purchasing a bicycle from brand A will get a 10% dis-
count, and purchasing a bicycle from brand B will get a 20% discount. Determine the
price of a brand-A bicycle after discounting.

Aasm \narop SeReday A 6Se.occo \
So, the price of A
. ﬁc’;’,‘jﬁ; Do bike is 6,250,000
J— Y 0o OO o
P 18O, Q00 g
bASe.00

Fig. 5 S5’s answer

In the problem above, the student is required to identify necessary information and
ignore unnecessary information. The information needed is the price of brand A bicy-
cles and the discount amount for brand A bicycles, namely 10%. The rest is unimportant
information and should be ignored. In answer S5, the student used unimportant infor-
mation to solve the problem. The student is fooled by this unnecessary information.
From the results of S5's answer and interviews, the student was unable to identify the
required information. The factor that affects the student’s difficulty is the student's in-
ability to assess relevance. The student has difficulty judging what is relevant and what
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is not. The student feels all the information in the text is important. Another factor is a
lack of understanding of the concept or context owned by students. Without sufficient
understanding of a particular concept or context, students may not know what infor-
mation is needed.

The above student difficulties are in line with research by Febrianti & Nurjanah
(2022), which found that one of the student difficulties was that students were unable
to differentiate relevant information (for example, using all the information in the ques-
tion or ignoring relevant information) or were unable to gather information that was
required but was not in the question.

Connecting meaning.

Problem 6:

Adi, Budi, Cyndi, and Demas often do assignments in groups. Adi, Budi, Cyndi, and
Demas' houses in order from left to right. On Monday, Adi rode a bicycle to Cyndi's
house, covering a distance of 300 meters. On Tuesday, Budi walked to Demas' house,
covering a distance of 550 meters. The distance from Adi's house to Budi's house is the
same as the distance from Budi's house to Cyndi's house. Determine the distance from
Adi's house to Demas' house.

\osera o berarojas  Uetumoh  Ciynde  Mengguaaan

Ceda rekt odi guga alon  Leumak Pemot \‘
Morgendarod  SeReda, I Because Adi went to
Cyndi's house by bicy-
Vg ¢ ADL = Cgnat = 00 cle, Adi will also go to
Qupt ¢ 300 <& 5 1§ neter [ Rumoh Demas's house riding

AQ\ - a bicycle
. d
oy - Oowor - 190 x3 - Hsomeler Csefede

Fig. 6. S6’s Answer

To confirm the student's answer, an interview was conducted with the subject. The
results of the interview can be seen as follows.
R : Can you explain your answer to this problem?

S6
Adi’s house to Cyndi’s house, miss, the distance is 300m. Meanwhile,

Budi's house is between Adi and Cyndi's houses. That's why the distance
between Adi and Budi is 150m, and the distance between Budi and
Cyndi is 150m. This means that the distance from Cyndi's house to
Demas is also 150m. Therefore, the distance from Adi's house to Demas
is 150+ 150+ 150, which is 450m miss.

R : Are you confident with your method of work?

S6  :  Is my answer wrong miss?
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R : How do you know that the distance from Cyndi's house to Demas is
150m?

S6
Because the distance from Adi's house to Budi is 150m and the

distance from Budi's house to Cyndi is 150m.

R
Has anyone been told that the distance from Adi's house to Budi, the
distance from Budi's house to Cyndi, and the distance from Cyndi's
house to Demas are the same?

S6

No, miss.

From the results of answers and interviews with S6, students were unable to
connect meaning between the information provided in solving problems. The causal
factors are the lack of understanding of basic concepts possessed by students. This dif-
ficulty is often caused by a lack of understanding of basic mathematical concepts. Be-
fore someone can connect meaning in a math problem, they must have a solid under-
standing of basic concepts such as numbers, operations, comparisons, and so on. An-
other causal factor is the lack of problem-solving strategies possessed by students. Stu-
dents do not have effective strategies to solve the questions given. Students don't know
where to start or how to connect the steps to reach a solution.

3.4  Factors Affecting Students’ Difficulties in Making Mathematical
Problems

Making a pictorial mathematical model.

Problem 7

Indonesia is one of the largest coffee-producing countries in the world. It is known that
the ratio of coffee exports to Algeria and Romania in 2021 was 1:2. In 2022, Indonesia
increased its coffee exports to Algeria by 15 tons more than in 2021, resulting in a new
ratio of 2:1. To determine the amount of coffee tons exported to Algeria in 2021, ex-
press the situation above in a diagram!

The following is the expected answer from the students.

Year/Country Algeria Romania Ratio
2 | e
202 I I (I

Z=5
3
So, the coffee exported to Algeria in 2021 was 5 tons.
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Fig. 7. S7’s Answer

Based on the answer above, it can be seen that the student has not yet been able

to make a mathematical pictorial model well. In the answer above, the student only
understands the meaning of the word "comparison," but the student has not been able
to apply the concept of comparison in solving the given problems.

To confirm the student’s answer, an interview was conducted with the subject.

The results of the interview can be seen as follows.

R
S7

R
S7

Can you explain your answer to this problem?

Actually, I can explain my answer, miss. But I'm still a bit unsure about
my answer.

So, how did you answer the question?

So, I assumed that this picture (pointing to the square picture for 2021)
represents a ratio of 1 to 2 in the question. Then, for the next picture, it
represents a ratio of 2 to 1.

How did you conclude that the pictures represent 1 to 2 and 2 to 1?
Based on the pictures, there is one that is smaller and the other is larger.
So, do you think the ratios you've created are suitable for the context of
the question?

I'm not sure, miss. It's difficult to represent the situation in the form of a
diagram.

But you do understand the meaning of the question, right?

Yes, I understand the question, miss. But I'm confused about how to
represent it.

Based on the results of the answers and interviews with the student, the student

experiences difficulty in visualizing information and identifying the relationships be-
tween elements in the pictures. The factors causing the student's difficulty are the stu-
dent's inability to apply the concept of comparison and the lack of practical experience
in creating pictorial mathematical models.
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Making abstract mathematical model.

Problem 8

Ani's height is 52 cm taller than Ari's height. Meanwhile, if Sani's and Ari's heights are
added together, it is 218 cm. Determine the respective heights of Sani and Ari!

San X A - 10‘65('“
/ ) (i
2 “\pler
| ingqqr Sani 0 () o0
Sani’s height ek ei | 09 - 51
. . "’ﬂ A) Al
Ari’s height ng o VS o B

Fig. 8. S8’s Answer

Based on the students' answers above, S8 created a concrete mathematical model. S8's
error in this problem was dividing 218 by 2 and then operating each with 52 cm, the
tallest plus 52 cm, and the shorter minus 52cm. The researcher asked students to check
their answers again.

R o "Why did you divide it by 2?"

S8
"Because Sani and Ari's height when added together is 218cm, so later

we just have to subtract something. 52 cm, and add 52cm because Sani
is 52cm taller than Ari."”

R o "Sani's height is 161cm and Ari's height is 57cm; is the difference
between their heights correct at 52cm?"
S8 : "Oh yes, miss, [ was wrong, miss."

S8 in this problem does not do "looking back" like the Polya heuristic. S8
failed to recheck the solution it had found so it got incorrect results. S8 made a mistake
in determining height when the sum and difference were known, this student succeeded
in finding the correct number but failed in the difference. Apart from S8 students, there
are still many who answer questions like this, so the average participant in this study
experiences the same problem. The factor that causes S8 to not be able to model math-
ematics well is the lack of ability to represent abstractly. This is because students do
not have a good concept of the meaning of height difference.

4 Conclusion

The difficulties faced by students in understanding problems are difficulties in
understanding language, difficulties in capturing implied and explicit meanings, diffi-
culties in identifying the information needed, and difficulties in connecting meanings.
The difficulties faced by students in making mathematical models are difficulties in
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making pictorial models and difficulties in making abstraction models. The difficulty
most students face in understanding problems is difficulty in connecting meaning. The
most difficult thing students face in making mathematical models is making pictorial
models. The main factors causing students not to understand problems and create math-
ematical models are students not being careful in reading the problem and students' lack
of understanding of the concepts.
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