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Abstract

This study analyzes students' mathematical literacy skills, which aims to obtain
steps to solve mathematical problems in the Differential Equation material for
final year students based on students' literacy skills. The research design used
descriptive qualitative by describing students' literacy skills in solving prob-
lems. Differential equations based on students' literacy skills. Data analysis was
carried out retrospectively by combining literature review, observations, an-
swer sheets, interviews, and field notes. Furthermore, concerning the concept
of Literacy and mathematical problem-solving theory. The data from the results
of the analysis showed that in question number 1. In the initial step of the read-
ing and thinking stage, there were 20% of the subjects had made mistakes in
understanding the questions/problems. then only 5% can complete until the fi-
nal stage because students are not able to apply basic mathematics to differen-
tial equations. As for question number 2, given a differential equation applica-
tion problem and only 10% of students were able to pass step 1 (students were
unable to read and understand the problem in this matter due to the low literacy
skills of students, so they could not proceed to the next step.

Keywords-Differential Equation, Mathematical Literacy.

ability is a person's ability to read
and write. According to (OECD,
2018) and  (Stacey, 2011),
Mathematical literacy is a person's
ability to formulate and use and

| Introduction

In general, students' mathematical
abilities can overcome difficulties
in everyday life (Wardono et al.,

2016) and one of the mathematical
abilities that must be possessed by
astudent is literacy ability. Literacy

interpret mathematics in various
contexts. Thus students' literacy
skills are considered capable of
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helping in solving any
mathematical problems.
Mathematical literacy is also
referred to as a science that can
improve the quality of thinking of
an individual (Brewley & College,
2012).

Mathematical literacy is a
combination of spatial literacy,
numeracy, and quantitative literacy
(Adams, 2020). Mathematical
concepts that can be used are not
only limited to spatial abilities,
arithmetic, or quantitative field
abilities (Sopyan & Supiarmo,
2022). The mathematical concepts
contained in literacy include all
three. Thus, mathematical literacy
includes all concepts, procedures,
facts, and mathematical tools both
in terms of calculations, numbers,
and spaces. In terms of language,
the word literacy (in English
literacy) provides a formal
definition of mathematical literacy,
namely:

Mathematical literacy is
defined as students' capacity to
formulate, employ and interpret
mathematics in a variety of
contexts. It includes reasoning
mathematically and using
mathematical concepts,
procedures, facts, and tools to
describe, explain and predict
phenomena. It assists individuals in
recognizing  the role  that
mathematics plays in the world and

to make the well-founded
judgments and decisions needed by
constructive, engaged, and
reflective citizens(OECD, 2016).

In this article based on the
definition above, it can be seen that
the basic concepts of Literacy itself
about mathematical problems are 1.
the ability of students to understand
and  formulate = mathematical
problems, 2. The ability to explain
and predict mathematical
phenomena or problems and 3. The
ability to use mathematics in
problem-solving (Luna et al.,
2000).

The ability of a student's lit-
eracy is considered to be an im-
portant component in solving math-
ematical problems, especially ques-
tions that are included in the cate-
gory of high difficulty levels (Meg-
awati & Sutarto, 2021). In the ter-
tiary institution itself, several final
semester courses require the ability
to be literate in solving questions
related to the course. One of them
is the subject of differential equa-
tions. To program this course re-
quires the basic abilities of several
previous courses. The differential
equation itself is the basis for stud-
ying applied mathematics. Further-
more, differential equations have a
very important role in modern tech-
nology to connect and solve vari-
ous routine or daily life problems.
Several approaches and teaching
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techniques have been developed
and more developed to make solv-
ing the problem of differential
equations more effective (Aisha,
2017). This is expected that differ-
ential equations are easily under-
stood by students. From the results
of research conducted by (Valcarce
& Diaz, 2008) on students who take
the subject of differential equa-
tions, it is stated that students can-
not apply the concept of derivative
functions correctly. While the con-
cept of the derivative function is the
basic element of the differential
equation. Therefore, to understand
the concept of differential equa-
tions, students are expected to have
a clear scheme construction of the
concept of a function. In line with
what was stated by (Suhandri,
2016) that students, in general,
have not been able to link mathe-
matical material that is likely
caused by the knowledge possessed
by students is still very low,

Differential equations have a
very important role in mathematics
and remain an important course in
calculus for centuries. The concept
of differential equations is used to
model and understand real-life
problems. (Aisha et al., 2017).

In solving differential equa-
tion problems, a student must be
able to analyze and read carefully
before solving the differential
equation problem, because each

type of question has its way of solv-
ing it. So if a person is wrong in
reading and understanding or inter-
preting the problem from the begin-
ning, the next step of completion
will be fatal. Furthermore, the au-
thor uses an indicator of mathemat-
ical literacy assessment expressed
by (Utami et al., 2020), namely: (1)
formulating problems, (2) using
mathematics in problem-solving,
(3) interpreting solutions in prob-
lem-solving, and (4) evaluating so-
lutions In solving problems and ap-
proaches to solving problems
raised by previous experts, one of
which is the problem-solving step
raised by Krulik and Rudnik
(Kusdinar etal., 2017). The steps of
the problem consist of 5 steps in
solving mathematical problems
without having to be done
sequentially. The five steps
are: (1) reading and thinking: iden-
tifying facts, identifying questions,
visualizing the situation, explaining
the settings, and determining fur-
ther action; (2) Explore and plan-
ning: Set information, find out
whether there is information ac-
cording  to/necessary, finding
whether there is information unnec-
essary, drawing/describing the
problem model, and making charts,
tables, or pictures; (3) Select Strat-
egy: Find/Make Patterns, Work Re-
verse, Try and Do, Simulation or
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Experiment, Simplification or Ex-
pansion, Create Sequence List,
Logical Deduction, and Divide or
Categorize Problems into Simple
Management; (4) Find an answer:
predict, use counting, using algebra
skills,

use geometric capabilities,
and use a calculator if necessary;
(5) contemplate and extend: re-
check the answers, determine alter-
native solutions, develop answers
to other situations, develop re-
sponses (generalizations or concep-
tualizations), discuss answers, and
cause various problems that are the
source of the problem.

Furthermore, there are modi-
fied Polya steps that can be used to
solve mathematical problems. In
this case, there are five steps,
namely: 1) Understanding the prob-
lem; 2) Prepare a plan; 3) Carry out
a plan; 4) review; and 5) draw con-
clusions. (Hayyulbathin et al.,
2011).

Based on observations made
by researchers when teaching the
subject of differential equations it
was found that the ability of stu-
dents in solving differential equa-
tion questions is very low. And the
literature search researchers con-
ducted an in-depth investigation by
giving a test of differential equa-
tions to students who have learned
differential equations to analyze
students' abilities in literate and

cross-check the problems faced by
students in reading, understanding,
and interpreting the differential
equation questions followed by the
interview and analyze the problems
faced by students in solving differ-
ential equations.

Furthermore, by adopting
the problem-solving steps from
these experts modified from the re-
sults of the analysis of the ability of
students in the differential equa-
tion. Researchers carry out prob-
lem-solving construction that can
improve student literacy capabili-
ties so that they can easily solve dif-
ferential equation problems

2 Research Methodology

Research design

The design in this study is a de-
scriptive qualitative research de-
sign by describes the ability of stu-
dent literacy in solving differential
equation questions based on stu-
dent literacy capabilities. This
study aims to obtain a problem-
solving step in final year students
based on the ability of student liter-
acy.

Samples and data collection

This study took data from the 5th
semester of Mathematics Educa-
tion at Khairun University in Ter-
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nate City, Indonesia. Students se-
lected are students who have
learned differential equation mate-
rial. Researchers involved 25 stu-
dents as a research sample.
Furthermore, the researcher
chose 3 research subjects with pur-
posive sampling techniques from
the twenty-five of research sam-
ples. The purposive sampling tech-
nique is a sampling technique from
data sources with certain consider-
ations (Sukestyarno, 2020). The fo-
cus of researchers in this study is to
choose samples with criteria with
high, medium, and low literacy ca-
pabilities. The research subject (in-
formant) was given a code (student
a=ma, student b = MB, student c =
mc) to facilitate analyzing data. De-
velopment of test instruments and
interview guidelines to obtain stu-
dent literacy capabilities refer to the
indicator of mathematical literacy
assessment expressed by (( Utami
et al., 2020), namely: (1) formulat-
ing problems, (2) using mathemat-
ics in problem-solving, (3) inter-
preting solutions in problem-solv-
ing, and (4) evaluating solutions in
problem-solving that are adjusted
to the objectives. The instrument of
the validated test by experts is de-
clared feasible to be used to obtain
data by objectives. Then the re-
searcher conducted a limited trial of
the research instrument. Validation

test results show that the differen-
tial equation questions used are
valid and reliable. Furthermore,
validation is carried out by experts
in the field of psychology, and ex-
pert assessments in the field of psy-
chology validate interview guide-
lines and self-efficacy question-
naires.

Data analysis

Data analysis uses descriptive anal-
ysis methods, namely analyzing
data by describing the data obtained
to obtain a problem-solving step
that can improve the ability of stu-
dent literacy in solving mathemati-
cal problems in teaching materials
for differential equations. Data col-
lection is done by conducting liter-
ature and observation studies. Fur-
thermore, the research subjects
were given a test using the vali-
dated differential equation ques-
tions. The test results from the se-
lected informants are used as a ba-
sis for conducting in-depth inter-
views. The data analysis step is
done using the results of tests and
in-depth interviews to be grouped,
reduced, presented, and hypothe-
sized (Sukestiyarno, 2020). Data
credibility test using triangulation
tests by comparing data from the
results of literature studies and ob-
servations, test results, and in -
depth interviews.



7287

Journal of Positive School Psychology

3 Result and Discussion

4. | Result

Based on the mathematical literacy
assessment indicator expressed by
(Utami et al., 2020), namely: (1)
formulating problems, (2) using
mathematics in problem-solving,

(3) interpreting solutions in prob-
lem-solving, and (4) evaluating so-
lutions in solving solutions prob-
lem. The researcher conducted a
test on 25 students who had learned
differential equations obtained as
follows.

Tabel 1 Frequency of Student Literacy Ability

No Indikator Penilaian Frekuensi Presentasi
1. Formulate problems in solving 20 80%
problems

2. Using mathematics in problem 10 40%
solving

3. Interpreting solutions in prob- 10 40%

lem solving

4. Evaluate solutions in problem 10 40%

solving

From the data above the re-
searcher obtained information
that of the 25 students who took
the test there were 20. Students
who could formulate problems
with 80%presentations, 10 stu-
dents who could use mathemat-
ics in solving problems with
40%presentations., and 10 stu-
dents who could interpret solu-
tions in problem-solving with a
40%presentation. And 10. stu-
dents who can evaluate solutions
in problem-solving with presen-
tations.

From this data, the re-
searcher concludes that the abil-
ity of student literacy is one of

the causes of the difficulty of stu-
dents in solving differential
equation questions. Furthermore,
the results were obtained that
most students had difficulty in
solving mathematical problems
in indicators using mathematics
in solving problems so research-
ers conducted cross-check by
conducting interviews with stu-
dents who are difficulty using
mathematics in solving mathe-
matical problems, namely differ-
ential equations.

For more in-depth crossed
results than researchers' differen-
tial equation questions given to
students, can be seen the ability
of students in solving differential
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equation questions about the ini-
tial requirements and boundary
conditions. From the work of
students, 3 student work was se-
lected with 3 different catego-
ries, namely low categories, me-
dium categories, and high cate-
gories, the following analyzed
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student work by selecting 3 sam-
ples of each low category, me-
dium category, and low cate-
gory. Furthermore, interviews
were conducted with the three
students to find out the obstacles
obtained in solving differential
equation questions.

Picture 1 Student Work Results Low -ability category

In Figure 1 above it can be seen
that student A can not at all in
formulating problems, cannot
use mathematics, and interpret
problem-solving solutions. So
that it is wrong in evaluating so-
lutions. It can be seen that the
student does not read well the
guestions given. So that it imme-
diately substitutes the initial re-
guirements to the differential
equation given. To find out the
problems faced by the student,

along with an interview with stu-
dent (S1).

P : What are your ob-
stacles in solving
differential  equa-
tion problems?

There are too
many ways to settle
and each model of
the problem is dif-

S1

ferent, confused
about what way to
use.
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P . I look at your an-
swer, ordinary de-
rivatives are still
wrong in complet-
ing it.
S1  : 1 was a bit forgot-

ten if I'm not mis-
taken, it was a cal-
culus lesson. | need
to learn calculus
again

P

S1

: Do you have to re-
peat the material re-
lated to the differ-
ential equation?
Like calculus and
algebra.

Right. Need to
read the previous
material.

Furthermore, the work of student B students represented students with the

medium ability.
S
—=p Jdv - A Xm K,

Figure 2 Student Work Results Category with Medium Ability

In Figure 2 it can be seen that
students B can formulate the ma-
salh and interpret solutions but
are not appropriate to use mathe-
matics in solving mathematical

problems. The following ex-
cerpts interview with students

(S2)
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P : What are your obsta-
cles in solving differ-
ential equation prob-
lems?

S2 : | forgot how to solve
it. Forget the derivative
rules.

P : Do you think there
needs to be a refresh-

S2

ment of basic mathe-
matical material before
entering the differen-
tial equation material?
: Very necessary.

The following is chosen the
work of students of students (S2)
who represent high -capable stu-

dents.
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Figure 3. Student Work Results High Ability Category
tions obtained, along with inter-
view quotations with students

In Figure 4 it can be seen that
students (S3) can formulate
problems, use mathematics and
interpret solutions to problem-
solving and can evaluate solu-

(S3):
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P : What are your ob-
stacles in solving dif-
ferential equation

problems

MC : In general there are
no problems.

P . Are there any sug-

gestions or input to
other friends so they
can easily solve dif-
ferential equation
problems?

MC : To be able to solve
differential equation
problems, we must
master basic mathe-
matics.

P : Do you think you
need to be given a
brief review of basic
mathematics before
entering the material
of the differential
equation?

MC : Very necessary

4. 2. Discussion

In this study, one of the different
factors of previous devices is to im-
prove the ability to solve mathe-
matical problems is to solve prob-
lems by focusing on increasing the
ability of mathematical literacy on
differential equation  material,
within the scope of final semester
students. But differential equations

are important material in mathe-
matics as well as in science and so-
cial sciences. Thus, the material of
differential equations has been in-
cluded in the compulsory course
program in various departments in
higher education. The importance
of differential equations has at-
tracted the attention of many re-
searchers who generally focus on
the contents and instructions of dif-
ferential equations. However, dif-
ferential equations are materials
that have complex problems that
may be difficult for students to un-
derstand (Arslan, 2010). Remem-
bering the importance of differen-
tial equation problems, it is im-
portant for a student to have a good
understanding of periphency and
solutions. As mentioned earlier, a
study of a study of teaching ap-
proaches is needed, with more fo-
cus on the ability of students to read
and understand the basic concepts
of differential equations of under-
standing in this case the ability of
students to read and understand stu-
dents' problems or abilities in liter-
acy. Therefore, there is a need to
learn the understanding of students'
difficulties related to differential
equations and the solutions to the
differential equations themselves.
Mathematical literacy ability is
an ability that must be possessed by
students in solving mathematical
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problems in this case solving dif-
ferential equation problems. The
ability to solve mathematical prob-
lems students are influenced by
several factors both directly and in-
directly this is closely related to
motivation, self -efficacy and mod-
els used by the teacher (Pimta et al.,
2009). Furthermore, according to
(Sophonyranrak et al., 2015) The
main factor in solving the problem
is 1) Understanding challenges, 2)
producing ideas, 3) Preparing ac-
tions, 4) Planning yourself ap-
proaches.

4 Conclussion

From the results of the research
above the researcher can conclude
that based on the results of the liter-
acy analysis before entering the
learning activities or provision of
differential equation materials to
students, it is necessary for a Previ-
ous or brief explanation that re-
searchers called a connection that is
connecting the previous material
with the material of the differential
equation to be taught.

Referring to the steps in solving
the problem raised by Krukik and
Rudnik literacy analysis. Research-
ers construct a problem-solving
step as follows: 1) Reading and
thinking (read and think), 2) Re-
membering and connecting previ-
ous material with material to be

studied (Remember and Connec-
tion), 3) Exploring and planning
(Explore and Plan), 4) Select a
strategy (select a strategy), 5) Find
an answer (find the answer), 6) Re-
view and discuss (reflect and ex-
tend).
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