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Abstract

The data obtained from the results of the International Assessment (PISA) and the studies of
researchers lately show that the mathematical literacy of Indonesian students is lacking. Various
obstacles may be the factor that causes this. This article aims to describe the difficulties of
students in solving real-world context problems and explore the teacher's difficulties in
activating real contexts in the mathematics class. This study gives an attempt to provide a
picture of the relationship between student mathematical literacy and the obstacles faced by the
teacher, which has not been studied much. This is a case study in a private school in Bandung,
Indonesia. Eighteen students were given a test consisting three real context problems in social
arithmetic topic accompanying by the scale of confidence in answering the questions, while
their mathematics teacher were given structured and unstructured questionnaires. The test and
questionnaires were then analyzed qualitatively. The results showed that students had difficulty
understanding problems, especially non-routine problems that related to real-world contexts,
even though they claimed to be familiar with the context given. In addition, students also had
difficulty with the prerequisite material to solve the contextual problems given. Facing
problems that they were unfamiliar with caused their confidence in solving problems to
decrease when compared to their initial level of confidence. Meanwhile, for the teacher,
students' low reading interest, low reading comprehension, and low reasoning ability were
problems for them. Designing a series of activities brought from real-world contexts in open-
ended problem types that require reasoning and higher-order thinking skills can be a tool for
students to develop mathematical literacy and can help teachers to implement it in their
classrooms.

Keywords: problem solving; mathematical literacy; students’ difficulties; teacher’s
difficulties; real context problem
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Introduction

Problem solving is one of 21 century learning required skills in the domain of learning and
innovations that must be prepared for students (P21 Partnership For 21st Century Learning,
2007). Scott (2015) suggests that learning offers students the best opportunities to acquire 21st-
century skills, one of which is designing learning activities relevant to the real world. To face
and solve everyday problems, a person's literacy is very necessary. Mathematics is applied in a
wide range of everyday situations, causing mathematical literacy essential for everyone to
effectively address common issues, particularly those that involve mathematical concepts to
solve. This is supported by the opinion of Ojose (2011) who states that "Mathematics literacy
is needed both in the workplace and in everyday life". However, in fact, Indonesian students'
mathematical literacy is still very low. Based on the 2018 PISA results, the mathematics score
of Indonesian students is 379 which is in the level 1 category. This score is still far below the
average score of students in the world (489) which is in the level 3 category (Schleicher, 2019).
This is reinforced by the results of PISA 2022 (366), which have not shown an increase in the
mathematics achievement of students in Indonesia in general (Schleicher, 2023)

One important aspect that required to build 21st century skills, especially in learning and
innovation skills, is mathematical literacy (Rizki & Priatna, 2019). Mathematical literacy has
many related concepts and is often referred to by other terms, such as numeracy and quantitative
literacy. In US, quantitative literacy and mathematical literacy are more commonly used, but
numeracy is more commonly used in UK, Australia, New Zealand and in Indonesia. According
to Ojose (2011) someone who has good mathematical literacy will be able to perform data
estimation and interpretation, daily life problem-solving, reasoning in numerical, graphical and
geometric situations, also communication using mathematics.

There are three components that need to be considered in measuring mathematical
literacy, including: 1) The situation or context in which the problem arises; 2) Mathematical
content used to solve problems, organized by certain overarching ideas, and most importantly,
and; 3) Competencies that must be activated to connect the real world, where problems are
built, with mathematics, and then to solve these problems. From those components, one of the
important aspects, which is also iconic keywords in the previous definition of mathematical
literacy is "real-world context", which gives us the view that it is very important to convey
problems based on real-world situations to improve students' mathematical literacy. According
to (De Lange, 2003), mathematics in schools is focused on substantive content, while
mathematical literacy is focused on how to use mathematics in real life. The use of context in
mathematics learning is more interesting and involves students (Abadi & Fardah, 2018).
However, which context to choose and how to empower students to identify mathematical
content in contextual problems need to be carefully considered when developing students'
mathematical literacy (Kolar & Hodnik, 2021). Hence, to activate students' mathematical
literacy, the choice of context in learning, activities and assignments is a crucial thing to pay
attention to.

Many researches utilized specific contexts to help students gaining good mathematical
literacy. For examples, Mhakure (2020) use the context of Cape Town, South Africa, population
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that bring from a newspaper there, Yansen et al. (2019) use the context of Asian Games football
context, Runtu et al. (2023) use the ethnomathematics context of North Sulawesi Indonesia, and
Ozkale & Ozdemir Erdogan (2022) use the context of financial. In summary, context selection
that familiar to the students is crucial and it will facilitate the students’ mathematical literacy.

A literature review from Aisyah & Juandi (2022) provides the results that Indonesian
students still in the low level of mathematical literacy in various level of education. However,
this research did not give explanation what caused these problems in terms of students-teacher
relationship. The difficulties of students may be related to the teacher’s difficulties in bringing
literacy into the classroom. The absence of real contexts in the classroom in mathematics
learning may make students unaccustomed to dealing with flexible mathematics that requires
problem-solving skills. It seems that teacher’s difficulties are also need to be explored. In
addition to studying students' difficulties in solving mathematical problems based on real
contexts, this article also reveals teacher's difficulties in presenting contexts in the mathematics
classroom.

Methods

This is case-study research that aims to describe the difficulties of students to solve real context
problem and their teacher’s difficulties in activating mathematical literacy in her class. A test
of real context problems in the financial context was given to 18 eighth grade students in a
private school in Bandung, Indonesia. A test was designed to unpack students’ ability in solving
real context problems according to mathematical literacy process framework (formulate,
employ, and interpret). Three non-routine real context problems were given to the students after
being validated by expert. Embedded in the test, apart of having to solve the 3 non-routine
problems given, students also asked to give: 1) their confidence level of their ability in dealing
with mathematics problem, task, course, and test all this time; 2) their confidence level of the
solution they obtained; and 3) the familiarity of the context given in the problem in a differential
semantic scale between 0.0 (not confidence/familiar at all) to 5.0 (very confidence/familiar).
The data then analyzed descriptively to support the data of students’ mathematical literacy. An
interview conducted to mathematics teacher who teach students to explore what has become
the difficulties of teacher involving students in activities that deal with mathematical literacy.
The twelve items of the questionnaire include the aspect of teacher’s perception on student
ability, learning resources, and teacher’s perception on the effect of mathematical literacy tasks
or activities implementation. The data obtained from the test and teacher interview were then
analyzed qualitatively. The 3 problems of social arithmetic given to students have the
characteristics as shown in Table 1. Problem 1 and 3 are developed by the researchers,
meanwhile problem number 2 is adapted from Mason et al. (2010).

Tabel 1. Problem framework

Problem Type of Problem framework
no. problem
Problem 1  Routine A trader buys 25 kg of Cianjur rice at a price of Rp 325,000.00. In sending the
problem rice to his house, he is charged a shipping fee of Rp 35,000.00. If the trader
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wants a 10% profit from his sales, what is the selling price of the rice per
kilogram that he should set?

Problem 2 Non- In a mall that is having a warehouse sale, buyers are entitled to a 20% discount,
routine but they also have to pay a 15% purchase tax. Ani and Ali as managers are
problem considering a policy that does not harm buyers. Ani says that it is better to

calculate the discount first and then the tax so that buyers will benefit more, but
Ali says the opposite. Which one is correct? Give reasons.

Problem 3  Non- There are two vouchers that apply to Dias when he shops for food through the
routine Shapee Food application. The first voucher gives a 15% discount with a
problem maximum price reduction of Rp35,000.00, while the second voucher gives a

35% discount with a maximum price reduction of Rp15,000.00. For what
amount of purchase do both vouchers provide the same amount of spending?
Which voucher provides more benefits?

Results and Discussion

The result is divided into three main parts, namely students’ difficulties in solving real context
problems, students’ confidence in their competency, and teacher’s difficulties in dealing with
mathematical literacy.

Students’ difficulties in solving real context problems

From the data obtained, it is shown that most students have difficulties in solving the problem
given. In detail, in terms of the number of students who passed the three aspects of mathematical
literacy, namely the process of formulating, employing, and interpreting is shown in Table 2.

Table 2. Number of students succeeding in each mathematical literacy process
Problem 1 Problem 2 Problem 3

Formulate Employ interpret Formulate Employ interpret Formulate Employ interpret

15 15 15 3 2 0 1 0 0

It can be seen in Table 2 that students found difficulties in problem 2 and problem 3,
while they easily solve problem 1. It is reasonable since problem 1 is a routine problem and it
is well-structured problem as they usually found in their mathematics class. In problem 1
students do not find any difficulties in those three aspects of formulate, employ, and interpret.
Meanwhile, for problem 2 and problem 3, students find difficulties since the stage of formulate.

In problem 2, a non-routine problem, students were given information of two managers
of a store who want to give big sales to customers. They argue which should be counted first so
that the customer will get maximum benefit, the discount of 20% or the tax of 15%. Students
are asked to give solutions along with the argument. In the process of working for the second
problem, some students asked whether the problem missed some information or not. Several
students stated that they cannot find any amount of money in those problems. Problem 2 can be
classified as an ill-structured problem, where the components of the problem are not clearly
defined, and their characteristics may be ambiguous (Jonassen, 1997).
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In addition, in the exercise session on the topic of social arithmetic that is often found in
mathematics textbooks in Indonesia, for example in Figure 1a for the discount context (Susanto
et al., 2022) and Figure 1b for the tax context (Maulida et al., 2022), the information given is
clearly stated: the percentage of discounts or taxes, accompanied by a certain amount of money.
Meanwhile, in Problem 2 it is not found a certain amount of money accompanying the
percentage of tax and discount given in the problem. This makes students confused about how
to solve the problem.

Persen digunakan untuk menyatakan pecahan per seratus.

Persen banyak digunakan dalam kehidupan sehari-hari, misalnya Nazifa kerja disuatu perusahaan dengan gaji Rp.2.400.000 sebulan, lalu
untuk menyampaikan potongan harga atau diskon suatu barang. ) ) B )
70 penghasilan kena pajak Rp. 200.000, jika pajak penghasilan (PPh)

Diskon 70% artinya nilai barang tersebut dikurangi sebesar 00
. diketahui 10%. Berapa besarkah penghasilan yang diterima Nazifa
dari harga awalnya. - =

Perhatikan diskon yang diberikan dua toko di bawah ini. perbulan?

Figure 1b. A relevant sample to problem 2 in Indonesian

Figure 1a. A relevant sample to problem 2 in textbook about tax context

Indonesian textbook about discount context

Related to mathematical literacy, students fail to formulate problems that is to understand
that information related to the amount of money can vary, can be supposed to with certain
variables, or students can try with several numbers that he thinks are easy to calculate. This
causes many students who just answer questions without a clear justification as seen in Figure
2. This also leads to the temporary conclusion that students are not used to encountering
unstructured questions, and this makes it difficult for students to understand the problems given.
Majority of the students end up in giving a solution that are not based on argument and data.

dﬁ'ﬁonl dauley, bary pejok, agar tidak derlaly
Merugikan pembell & perjual

Figure 2. incomplete student’s answer for problem 2

The student understood the context but they found difficulties in formulating the problem
into mathematical model. It is also possible for student to try some numbers as a price if the
student can formulate the problem well. But, as we seen in Figure 2, student just give the
conclusion without any arguments accompanied. This is inline with the result of Cho & Kim
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(2020) study, that students may experience difficulties in identifying and defining problems due
to the large space when encountering ill-structured problems.

Among the student who do not give complete answer or argument, and do not elaborate
the process of finding the conclusion, there are also some students who pass the aspect of
formulate and employ. Yet, the students do not evaluate the answer for the general conclusion
he made. He took an example if he spent Rp 100.000,00 and explain the illustration. The
process of the student finding the answer is as seen in Figure 3.
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Figure 3. Students process of making conclusion in Problem 2

It can be seen in Figure 3 that the student inductively found the conclusion. He did not
give up on this non-routine problem and he tried to simplify it by using 100.000 as the price
that will be counted. In four steps of inductive thinking suggested by (Isoda & Katagiri, 2012),
the student has already achieved the conclusion but still misses the verification step. It will be
complete if he can find the generalization of the conclusion for any price or he can also try for
some price and verify for the new price which has not been tried. It is also in line with SOLO
Taxonomy, that students in this stage of developmental age (13-15 years old) have not reached
the extended abstract stage which possible for them to work in abstract world and do deduction
thinking (Biggs & Collis, 1982). They are still in the relational stage, so solving the problem
above inductively is a normal process for the student at this age. For the students who were still
not in the stage of formal age, to achieve the generalization as asked in this problem, students
can be supported by some tools such as a calculator, Ms. Excel software, graphing calculator,
or dynamical geometric software (DGS) so that the exploration of inductive thinking to support
the conclusion will be richer.

In problem 3, given information on two different vouchers provided by an online shop.
Students are asked to conclude when the vouchers will be equal, and when those will have
higher benefits over the other. This problem also needs students to make generalization which
divided into two main conditions. But, none of the students give the complete generalization.
The most logic answer yet still lack of support and argument is as seen in Figure 4.
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Figure 4. Student’s answer in problem 3

As seen in Figure 4, student just answer for the first question, that is when the vouchers
will be equal. He can find Rp 100.000,00 by trial-and-error method. Unfortunately, there is no
explanation about the second question, that is about when those will have higher benefits over
the other. If following Polya's problem-solving phase (Polya, 2004), then students have
understood the problem, devised and carried out the plan using a strategy (guess and check),
but students have not performed the looking back phase. There are several things that the
student missed, including: 1) He did not check that there was a second question asking him to
conclude which voucher provided more benefits; 2) He did not check what about purchases
below or above IDR 100,000.00; 3) He did not check whether there were other strategies, for
the example using a graph or by using a mathematical model. However, the majority of the
students did not understand the problem given. They cannot formulate the problem into
mathematics model or even just retell the problem given using other words. They just answer
the straight point without accompanied by complete argument or explanation such seen in
Figure 4.

voucher Yo Cedsa sn Aigkon \[t‘}uﬂher yong lebth
besar & biaya maksimunye lebth kee (1

Figure 5. Student’s answer in problem 3

Summarizing in the results above, students were difficult to solve non-routine problem as
it was unfamiliar type of test they dealt with. Students were difficult to formulate and analyze
the problem in to the simpler form, so that the employ and interpret stage do not occurred. It is
in line with the result of Anggraini et al. (2023) research that research that research that students
have difficulty in investigating information in non-routine problem so that they failed to
develop the problem-solving strategies. It may be also caused by the mathematical ability of
the students was in low level. As referred to Ozrecberoglu et al. (2022) research result that the
scores of the students in basic mathematics knowledge and concept skills affect the scores they
obtain from non-routine problems. Hendrayanto et al. (2022) also report that students'
difficulties in solving non-routine problems stemmed from the immaturity of the concepts that
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students have that should be used in solving the problems. Teachers can build a scaffolding to
help students gaining their literacy by give them non-routine problems, ill-structured problems,
problematic problem step by step so that students familiar with the type of problem. Teaching
problem solving heuristics also can be one alternative ways.

Students’ level of confidence in their competence

There are three data of students’ level of confidence obtained from the students, by considering;
1) their ability to deal with a mathematics problem, task, course, and test all this time (C1); 2)
their ability to solve the contextual problem given (C2). For the first result, it is obtained that
the average of the student’s confidence level of their ability in dealing with mathematics
problem, task, course, and test all this time is 3.29 in the scale of 0.0-5.0. The comparison of
the last two results is shown in Table 3.

Table 3. Students’ average level of confidence after problem solving

Problem 1 Problem 2 Problem 3 Average
2.44 2.57 2.53 2.51

It can be compared that students’ confidence in their ability in math overall this time is
an average of 3.29. But, after reading each of the 3 problems given, the average of their
confidence to be able to solve the problem dropped (2.51). This confidence that students feel
about their performance about their ability to solve the tasks is more commonly referred to as
self-efficacy, which is very affected by the success or failure of the previous tasks. Hiller et al.
(2022) stated that self-efficacy affect the students’ performance in mathematics, mathematical
literacy in specific. Meanwhile, there are four factors contribute to the student’s self-efficacy
namely past performance, vicarious experiences (observing others perform), verbal persuasion,
and physiological cues (Ormrod et al., 2019). It means that when the students are not familiar
with the type of test or the context or they have never been solving similar problems given, their
confidence may be influenced. In this case, students are not familiar with the type of the
problem: ill-structured problem. The ‘missing information’ in the problem translated by the
students that there is something wrong with the question. Many factors such as mathematics
conceptual understanding and reading ability of students may also become the factors that
influenced this result. However, the other factors may influenced need further study.

Teacher’s difficulties in dealing with the mathematical literacy

A written interview and a questionnaire were given to the teacher to explore whether the teacher
found any difficulties in emphasizing mathematical literacy in their classes or not. The results
of the written interview show that the teacher has some difficulties, indeed. There are several
points mentioned by the teacher. First, the teacher feels that when they give problems or tasks
that emphasize mathematical literacy, the students do not show interest. Reading seems to be
the one main problem. Students disliked reading the long passage and they did not know how
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to start. The teacher feels that the students have a low understanding of reading. It causes the
student to find it difficult to understand the problem and so to solve the problem. Third, teacher
feels that the students have a low reasoning ability. In fact, mathematical literacy problems
really require reasoning and high-ordered thinking skills (OECD, 2023). Finally, teacher feels
that students also have difficulties in finding the mathematics concept hidden in the real-context
problem. The students need to be guided so that they can find the mathematics concept that will
bring them into the solutions. Students are not familiar with real-world context problems so
they find difficulties in how to start and end these tasks. Because students are difficult to solve
this kind of problem, teacher feels that this is an obstacle to implementing or emphasizing
mathematical literacy in class. The result of the questionnaire is as shown in the table below.

Table 4. Teacher’s response of the difficulties on activating mathematical literacy

No. Questionnaire Item Score  given by
teacher

1. My students have low reading literacy skills, which creates 4
obstacles to implementing mathematical literacy in the
classroom

2. My students have low reasoning abilities, which creates 3
obstacles to implementing mathematical literacy in the
classroom

3. My students find it difficult to solve word problems, which 3

creates obstacles to implementing mathematical literacy in
the classroom

4. My students have low interest word problems which creates 4
obstacles to implementing mathematical literacy in the
classroom.

5. I have a few references regarding how to compose 4
mathematical literacy questions

6. I have a few references regarding how to design learning 4
activities that emphasize mathematical literacy

7. I had difficulty finding real-world context regarding the 1
material being taught in class

8. I'm worried that the students won't understand the 3
mathematical literacy questions that I wrote

9. I'm worried that the learning that emphasizes mathematical 2
literacy that I designed will not produce results or be in vain

10. I am worried that student learning outcomes will be low if 1
they are given real-context problems both in learning and in
exams

11. I'm worried that the material won't be completed according to 2

curriculum demands if I focus too much on students'
mathematical literacy

12. I am worried that students' interest in learning mathematics 2
will decrease if I focus too much on students' mathematical
literacy

Note: 4 = strongly agree, 1=strongly disagree

Items 1-4 talk about the teacher’s perception of students’ low performance as an obstacle
to mathematical literacy. We can see from the items that the teacher has a perception that what
makes it difficult to implement the learning that emphasizes mathematical literacy is her
students' lack of reading skills, reasoning abilities, and interest in word problems. The fact is in
PISA, it is not only in mathematics that Indonesian students have low score, but also in reading
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(OECD, 2023). However, the teacher is also suggested to build her belief that their students
have opportunity to gain their mathematical literacy. Giving the real context problem step by
step along with teaching the problem-solving heuristics are options that can be choose by the
teacher.

From items 5-7, we can see that the teacher does not have difficulties to find and bring
real-world context regarding the topic studied in the class. Still, they do lack references on how
to compose and design activities or tasks that emphasize mathematical literacy in class. This is
partially in line with the result of Pulungan et al. (2024) research that designing learning in the
framework of mathematical literacy and the lack of availability of supporting facilities and
infrastructure for mathematical literacy learning are problems for teachers.

From items 8-12, we can see that the teacher does not worry if the students' learning
outcomes will be low, that their efforts will be in vain, that the material will not be completed
according to curriculum demands, or that student's interest in learning mathematics will
decrease if she gives emphasize the learning on mathematical literacy. Meanwhile, the teacher
worried that their students did not understand the problem she constructed. It means that teacher
lacks confidence with the activity or problem that she constructed that oriented to mathematical
literacy.

It can be concluded that teacher’s perception of students’ low performance such as
reading skills, reasoning abilities, interest in word problems, and her difficulties in finding
guidance or reference on how to design tasks or activities emphasizing mathematical literacy
are the main problems for teacher in activate mathematical literacy in class. The correlation
between those factors needs to be studied further.

Conclusion

From the results and discussion above, we can conclude that mathematical literacy is still a big
problem for students and teacher. As for students, the real-world context that served as a rather
long passage is a problem for them. They do not know how to start, understand the problem,
solve, and interpret the solution. The difficulties also come from the type of problem given,
non-routine problems, open-ended, or ill-structured problems. Students do not seem familiar
with this kind of problem. As for teacher, the perception of students’ low performance is an
obstacle for teacher. The teacher feels that students’ low interest in reading, low understanding,
and low reasoning ability are big obstacles to solving real-context problems. Another obstacle
for teacher is finding the reference for designing activities or tasks emphasizing mathematical
literacy. For future research, we suggest designing activities that are brought from real-world
contexts that are routine and non-routine problems and require reasoning and higher-order
thinking skills that are designed as scaffolding for students to gain mathematical literacy. This
also suggested that mathematics teachers should be provided with some training and sources
on how to design learning that activates the students’ mathematical literacy.
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