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Abstract: Problem-solving ability is a mathematical ability mandated to develop through learning mathematics.
This study aims to determine how students’ mathematical problem-solving abilities are seen through their ability to
solve problems in algebraic forms. This research was conducted on 69 students in three districts in Aceh Province,
Indonesia. It used qualitative methods in three kinds of instruments. From this research, the questionnaire results
showed that students had good problem-solving abilities, but based on test and interview guestions, it was found that
students’ problem-solving abilities were in a fairly good or moderate category. The research found that students are
unable to reflect and recheck their answers because they do unperfect preparation in the problem-solving cycle. This
research was conducted during the COVID-19 pandemic condition, with three days of school a week. The research
subject is the students of the transition period between primary to secondary education. The mathematical problem-
solving skills are unstable. Through the results of this study, it is hoped that educators can optimize efforts to develop
mathematical problem-solving abilities because they are important in learning. The research novelty lies in
communication techniques applied by students in completing mathematical problem-solving.
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1. Introduction

Providing students with the opportunity to develop
their problem-solving skills in the mathematical learning
process can improve their critical thinking skills [1], [2].
This can increase the value of objectivity and rationalism
in concluding a conclusion of the problem [3]. In the
process of learning mathematics, the lack of non-routine
problems presented in the sourcebook (text) when
teachers are accustomed to adopting the questions
contained in the sourcebook becomes undeniable [4].

Procedurally on trivial questions, more can be solved
by students quickly. However, when students are given
problem-solving questions, they face many difficulties,
such as understanding weak concepts and facts, applying
and analyzing procedures to reflect the results of the
answers [5]. In addition, the ability of students to learn
abstract concepts in learning mathematics is also very
important. Students who have not achieved age-
appropriate cognitive abilities [6] also do not meet the
ideal criteria in terms of the ability to master more
complex concepts.

Judging from the Program for International Students
Assessment (PISA) results, problem-solving skills for
Indonesian children are quite low [7]. Students’ math
skills in PISA research are closely related to
mathematical literacy. PISA provides an overview of
students” ability to apply mathematics in various
situations[8]. The government uses PISA results to
monitor the development of the Education system in a
country. Pisa results describe the character of the
education system to predict people’s future productivity
[9]. PISA is one of the important references in measuring
the success of education, including in the field of
mathematics.

PISA uses test questions in the form of real situations
that must be resolved by students aged 14-15 years. PISA
wants to measure the understanding of student concepts
in applying contextual problem solving, which is closely
related to its life[10]. PISA provides an understanding of
mathematics not tested in solving problems directly. In
its implementation, students should utilize active
thinking through investigation and solve problems before
applying their mathematical knowledge [11]. Meanwhile,
students’ ability to formulate, engage and interpret
mathematics in various contexts, including those that can
be utilized in solving PISA problems, into mathematical
literacy skills [12]. The better the students’ math literacy,
the better their ability to analyze and solve the problem.

PISA questions demand reasoning and problem-
solving skills for students in some situations. The student
is said to be able to solve problems if he can apply his
knowledge in analyzing and conducting investigations
that have been obtained in his learning experience into

new situations that have not been known before [13]. A
person is considered to have a level of mathematical
literacy if he can analyze, reason, communicate his math
knowledge and skills effectively and solve and interpret
mathematical problems in various situations related to
summation, form and space, probability, or other
mathematical concepts [10]. This means that problems
according to PISA standards are good enough to measure
students’ abilities after learning mathematics because
they measure students’ mastery in mathematical concepts
and use them in everyday problems.

PISA problems can stimulate students to solve
problems through their own concepts even if they are
unaware of using mathematical concepts properly [14].
Why is that? This is because PISA has a mathematical
literacy concept that is the ability of a person to
formulate, use, and interpret mathematical concepts in
various contexts of problems he recognizes [15]. Thus,
PISA and literacy cannot be separated from the concept
of individual proficiency in the 21st century; therefore,
the relationship between mathematical concepts and
problem-solving skills becomes an important part of
human survival[16], [17].

Based on the background of problems and theoretical
studies stated above, it is known how important problem-
solving skills are in individual students to succeed in
learning mathematics. Students who have good
mathematical problem-solving skills can support their
life for the future of technological competition. Thus, this
study aims to determine how students’ mathematical
problem-solving skills develop based on PISA indicators
if given problem-based problems. Novelty in this study
Communication techniques students in completing the
solve the problem of mathematics. The findings of this
study are expected to contribute to the world of
Education to recommend improving the quality and
achievement of mathematics learning as a whole.

2. Method

This study was conducted on 69 grade VII junior high
school students in several districts in Aceh Province.
This study uses the qualitative approach, including
measurement instruments, questionnaires, tests, and
interviews. The data was collected by providing
questionnaires about students’ perception of problem-
solving skills, five PISA model math questions on
algebraic forms, interviews to clarify test answers, and
further perception analysis of students’ mathematical
problem-solving skills.

The formulation of questionnaire questions is
developed based on indicators of problem-solving ability
conducted using the Polya theory consisting of (1)
understanding the problem, (2) devising the plan, 3)
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solving problems according to the plan (carry out a plan),
and 4) re-examining the results obtained (looking back at
the completed solution) [18]. At the same time, the
development of the test question refers to the PISA
model validated by three experts. To withdraw valid
conclusions, unstructured interviews were conducted to
review the questionnaire results further, obtain the test
findings, and highlight the novelty of the information
obtained.

Data analysis techniques were applied using the
Likert interval scale because it measures the nature of
individuals using a total score [19]. In addition, the
Likert scale also has a more measurable level of
calculation objectivity [20]. Triangularization of sources
was carried out to test the validity of the data based on
the prepared research instruments. Triangulation is a
method of data synthesis to provide confidence about the
validity of data taken from research; therefore, there is no
doubt in the conclusion results [21]. Through the
triangulation of data from three technical collections, the
analysis results taking into account positive acceptance
on two of the three existing aspects become accountable.
This fact reinforces the assumption that the conclusions
drawn have a high degree of validity.

3. Results and Discussion

This research was conducted in three stages: filling
out questionnaires, giving test questions, and conducting
interviews. Questionnaire filling is done to find out how
the condition and level of students in solving math
problems. The test questioning is done to determine if the
student has mathematical problem-solving skills that can
be measured based on the student’s answer results in
writing. At the same time, unstructured interviews are
conducted to confirm again if there is a difference
between the results of the questionnaire and the
completion of the test question. The following will be
described the results of the analysis of the three research
instruments.

Based on indicators from NCTM, problem-solving
capabilities are divided into four indicators, namely, (1)
building new mathematical knowledge through problem
solving, (2) solving problems that arise in mathematics
and other contexts, (3) implementing and adapting
various appropriate strategies to solve problems, (4) re-
examining and reflecting on the process of solving
mathematical problems [22]. Based on the indicator, 27
points of questionnaire questions were developed; the
results obtained are given in Table 1.

Table 1 shows the percentage of students’ answers to
poll questions converted based on mathematical problem-
solving indicators. Based on the average score per
indicator and using the Likert scale, it is known from the
table that mathematical problem-solving skills, according

to student perception, fall into the good and excellent
category. In this case, the students assess themselves
regarding the ability and habits that correspond to the
problem-solving indicator.

Table 1 Student perception questionnaire results

Indicator Totally Agree Simple Less Disagree
agree (%) (%) agree (%) disagree (%)
(%)
Knowledge  33.33 34.78 15.94 7.24 8.69
Plan 21.73 32.60 18.84 9.42 10.14
Apply 46.37 26.08 15.94 434 7.24
Evaluation 43.47 34.78 10.14 434 7.24

The most dominant thing assessed by the students is
the application and adaptability of various strategies
when solving math problems. This is known from the
highest percentage of what students like the most and
often do based on indicators of contentment points.
While students do not like problem-solving or rarely
solve problems through both mathematical and other
contexts. This result can be seen in the highest
percentage of things students like the least.

The two tendencies of perception can be interpreted
as follows: students like or often solve math problems by
applying and adapting a strategy without using a
particular context, either mathematical or non-
mathematical, which indicates that the student is acting
towards problem solving procedurally or through
adaptation of the scheme of completion taught. The
lowest average score of the second point indicator
compared to other points shows that students are less
agreed to solve problems (math or not math) using
mathematical context or otherwise. In addition to
students’ preference to solving problems procedurally, a
supporting analysis also means that students do not
construct formal concepts through a context. Based on
this tendency, it is necessary to analyze students’
problem-solving skills through the results of the problem
test to know their problem-solving skills in more depth.

Students are given a test question based on PISA
concerning changes and relationship content, algebraic
form material in the next data collection stage. Data
analysis based on problem solving capabilities is
analyzed using the following rubrics; (1) understanding
the problem is indicated by interpreting the condition or
problem presented in the question [23], (2) planning the
problem solving is indicated by the collection of data and
facts and analyzing the information to develop alternative
solutions to the solution [22], (3) solving problems
according to the plan is shown by utilizing the facts and
applying the sequence of the settlement plan [30], (4) re-
examining the results of the answers is shown by double-
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checking and matching the answer results with the
information on the question [24]. Based on the
assessment of four indicators of students’ ability to solve
mathematical problems, students’ scores are given in
Table 2.

Table 2 Student test results

Indicator Excellent  Good Good Less Good Bad (%0)
(%) (%) Enough (%)
(%)
Knowledge 0 18.84 11.59 40.57 28.98
Plan 5.79 13.04 28.98 26.08 26.08
Apply 5.79 42.02 23.18 7.24 21.73
Evaluation 2.89 7.24 5.79 62.31 21.73

Based on table 2, it is known that the assessment of
students’ mathematical problem-solving skills seen from
each indicator falls into the category of less good and
good. One of the four indicators shows a good category
but with a score level that is not very high. Judging from
the variety of percentage variations shows that no student
interprets the problem into a known form of information;
even 28.98% of students do not write at all about the
information obtained from the problem. However, 42%
of students write down problem-solving steps well, and
more than 20% of students are unable to solve the
problem presented. Lastly, less than 12% of students re-
examined the answer. Figure 1 shows the troubleshooting
flow diagram viewed from the indicator.

Diagram of Mathematical Problem Sclving Capabilities by Stage
30

Excellent Good Gppd Encugh Less Good Bad

—e—Kbowledge =—e—Plan Apply  =—e=—Evaluation

Fig. 1 Mathematical troubleshooting indicators

Figure 1 demonstrates that regarding all the indicators
of problem-solving ability, very few students meet the
criteria which fall into the category very well. When
viewed from a line that shows the application of
problem-solving solutions, many students choose to
solve the problem without making a plan in advance
directly. Most students are already good at applying
mathematical concepts to solve problems. Thus, from the
provision of test questions to measure the mathematical

problem-solving skills of students can be concluded that
the student’s mathematical problem-solving skills are
said to fall into the category of good enough.
Furthermore, interviews are conducted to find out and
clarify students’” mathematical problem-solving skills.
Interviews are conducted by asking questions about
students’ answers to test questions. The results of a
structured interview between researchers (P) and research
subjects (S) on the issue of typical fabrics of the Gayo
Aceh Tribe are shown in Figure 2.

Gambar di samping i merupakan kain motif Kerowang Gayo
Kain ini dapat dibuat untuk berboagai pakaian adat

Jika Panjang sisi alas segitign pada motif kain tersebut
adalah sepanjang 12 cm, maka dalam 1 meter kain Kerawang
6Gayo, terdapat berapa banyak sulaman berbentuk segitiga?

Buatich bentuk al jobar masalah tersebut! | ™Metedr =190 ¢con
|\ motif =\ (™M jadi w0 1% = 8
ada @

Fig. 2 Subject Answer Type 1 for Item Number 1

P:  What does the matter ask about?

S1: About how many triangles for every one meter of
Gayo Filigree cloth.

P: Then what strategy do you use to determine how
many triangles are there?

S1: Just divide; one meter is equal to 100 centimeters,
while the foot (plinth) is 12 centimeters... That means
100 divided by 12 can be 8 comma 3.

P:  Why did you only write eight?

S1: Because there cannot be openwork embroidery
(Burdir sulam Kerawang), loss of yarn, so if you want a
full triangle, it is just eight.

The interview results show that students do not
interpret the ability to understand problems in written
form. However, students directly plan a solution strategy,
apply it, and re-examine the answers based on
information from the question. In this case, it means that
the student is well aware of the problem so that the steps
to solve the problem until checking the answer based on
the existing information can be solved properly. The
same is found in the answer type as figure 3.

Gambar di samping ini merupakan kain motif Kerawang Gayo
A AAA -,‘ Kain ini dapat dibuat untuk berbagai pakaian adat
e Jika Panjang sisi alas segitiga pada motif kain tersebut
adalah sepanjang 12 cm, maka dalam 1 meter kain Kerawang

Gayo, terdapat berapa banyak sulaman berbentuk segitiga?

-~ * = moht kaim 2 em
i< =100
x ‘_ﬁlg A 8.’)

Buatlah bentuk aljabar masalch tersebut! | pette = \ R em

yadi wda §

Fig. 3 Subject Answer Type 2 for Item Number 1
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Fig. 4 Subject Answer Type 3 for Item Number 1

Figures 2, 3, and 4 refer to subjects with excellent and
good answer categories; the rest of the other study
subjects cannot explain well what problems are asked or
what are the known things of the problem. This means
that students go through the stage of interpreting the
problem in writing. However, in fact, they can answer it
in simple communication. There are still 28.98% of
students who do not know and cannot answer the
problem properly because they do not understand the
problem and do not know the facts and concepts
contained in the problem.

Furthermore, the interview results will be described
based on question number two to determine the mindset
of students’ problem-solving skills, such as Figures 5, 6,

Gambar di samping ini merupakan paket Kopi Gaye
Dalam 1 dus kopi gayo berisi 60 paket kopi k
- i -
’

{ 7 g 250 gram. Pada suatu masa, kopi tersebut akar

\ -), l

&= dijadikan oleh-oleh kepada 100 orang udangar
seminar kebudayaan di Kota Banda Aceh

a. Jika terdapat 2 dus kopi ditambah 50 satuan kopi kemasan terpisah, apakah

cukup untuk dibagikan kepada 100 undangan seminar tersebut? Jelaskan
alasanmu!
b. Dapatkah kamu membuat bentuk aljabar dari masalah tersebut? Sebutkan

unsur-unsur yang ada di dalam bentuk al jabar tersebut!

Fig. 5 Item Number 2

Lavavan

A ate dadeeat 2 dus Yepi Momban 50 stlaan feg bemacan derpaah

kg ‘”“uk lee \Iﬂrlﬂn\?hh
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12t +s0 e bomacan —\uru..h 3 tegs

Fig. 6 Subject Answer Type 4 for Question Item Number 2
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Fig. 7 Subject Answer Type 5 for Question Item Number 2

P: What is the question about?

S5: Is it enough if the two boxes of coffee will be
distributed to 100 people? Moreover, plus another 50
separate packs.

P: What is your answer?

S5: Yes, enough ma’am, do not add 50 packs; two
boxes alone are enough, more even ...

P: You mean, more how?

S5: Here is ma’am, one box contains 60 packs. If
there are two boxes, it means the number is 120... this is
only divided for 100 people, that’s why | said more...
more ma’am could be for 70 more people.

Based on the interview, the result is also not much
different from question number one. Students go through
stages about interpreting problems in the form of writing.
However, judging by how students plan, apply and re-
examine the answers by matching the information from
the question, students understand the problem well so
that they immediately plan a solution and apply it based
on the strategy they think. In addition, students are
confident that they can account for the results by re-
matching the answers based on information from the
guestion.

The third question item shows that students
understand patterns and can create them in the form of
variables from two different types of observation media.
The following will be detailed in the interview results
based on the problem as Figures 8 and 9.

P: Do you like eating Aceh noodles?

S6: Yes, ma’am, | like...

P: Well, if from this problem, how to make Aceh
noodles?

S6: Cooked ma’am, use seasoning...

P: How many seasonings does it take? If you plan on
cooking 5 kg of noodles?

S6: There needs to be a packaged seasoning; there is a
fine seasoning (from the cup), ma’am, so each 10 (packs)
of packaged seasoning, and 5 bowls of fine seasoning

P: So yes. Then why do you write 20x and 10y?

S6: That’s because | suppose... That’s to make it
easier, for example, the number of packaged spices as
much as X.
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Untuk memasak 1 kg mi aceh, dibutuhkan 2 sachet bumbu kemasan dan 1 cup bumbu
halus. Berapakah banyak bumbu yang diperiukan untuk membuat?
Bumbu kemasan Bumbu halus | Porsi memasak

2 [ 1 | 1kg

| | 2 2 kg :L&
Lo S | 5 kg
AC x 10. y ‘ 18 kg

Fig. 8 Subject Answer Type 6 for Item Number 3
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Fig. 9 Subject Answer Type 7 for Item Number 3
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The results of the interviews with the students did not
mention anything known from the question. Students
immediately solve the problem if it is made as much as 5
kilos of noodles. Furthermore, when it comes to variable
concepts, students cite it as an example for an
observation object, in contrast to subject 7 that does not
distinguish the type of variable even though the
observation media is different.

Based on the three points above, it is clear that the
students tend not to interpret their understanding of
problems in writing. However, when interviewed orally,
students can explain their understanding of what is asked
in the right issue. This is because students are not used to
writing down what information is in the problem.
Students are used to directly solving problems with their
planned strategies. Sometimes the strategy is also only in
the student’s mind without being poured in the form of
writing, so to measure the problem-solving ability must
be reviewed orally.

Similarly, rechecking the answers of students who
matched it with the information on the problem can only
be measured whether or not when interviewed
unstructured. Some of the interviewees informed that
they checked the problem but did not write it down.

These answers can only be analyzed as falling into the
good category. These students are very good at test
questions because their answers are quite understandable.
Students can communicate and argue well. Students with
other categories cannot analyze interview answers
because they cannot explain, do not understand what they
have written, or do not answer at all the problems given.
Thus, it can be concluded that based on the interview
results, the mathematical problem-solving skills of the
students in this study fall into the category of quite good.

The analysis results showed that students had
problem-solving skills with good categories. At the same
time, the other two items stated quite good or moderate
categories. Thus, it can be concluded that the students’
mathematical problem-solving skills are in the category
of quite good. This result is in line with the findings of
[25] that students in both high, medium, and low
disposition categories, have a moderate category of
mathematical problem-solving skills. In addition, the
study also found that students are not used to solving
problems analytically, starting with preparation and
planning and rechecking the results of answers. This is
also the problem of analysis of students’ mathematical
problem-solving skills [26]. However, students can
immediately solve the problem well and be able to
explain the solution strategy in line with the research
conducted by [27] on the Wallas model that there is an
incubation stage that makes students spend time in
making preparations so that students are more likely to
solve problems directly.

Based on students’ perceptions, students explicitly
believe that they have good mathematical problem-
solving skills. Perceptually, students tend to believe that
they have at least one ability in either category [28]
because of their math routine. However, when the test is
conducted, no student meets the indicators to understand
the problem in written form, and many students do not
reflect on the answer results. According to [29], the
unusualness of students makes reflection because
students do not make preparations in solving problems,
so they cannot match the results of the answers with the
information available. After an in-depth interview, it was
found that only students who had a good and excellent
answer could confirm that they had reflected. This
finding indicates the fulfillment of communication skills
indicators that students who have problem-solving skills
can show that they also have a good understanding of the
material they are studying. In this case, structured and
planned learning activities are very important [30] to
support all the abilities that want to be built and become
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a goal in the teaching and learning process. Therefore,
before the teaching and learning process is carried out, it
is expected to make a mature and targeted preparation.

Online learning influences the learning process of
research subjects where the subject is a student who
graduated from elementary school and entered the junior
high school during the pandemic transition period. In
those days, students went through the learning period
from home with various challenges. During this time,
students get online learning patterns so that in the
learning process do not get feedback as well as in face-
to-face learning patterns. This is quite a negative effect in
learning [31], [32], where students encounter limited
understanding constraints in mastering materials and
communication network problems [33].

This situation affects the development of exclusive
functions (EF) in an intensive teaching and learning
process. EF skills are skills in learning mathematics that
form the basis for developing problem-solving and
flexible thinking skills [34]. EF can be formed when
students face a new condition where reflectively, there is
a desire for students to find a solution, which can happen
in intensive meetings.

4. Conclusions

Based on the research results and discussion, it can be
concluded about the average mathematical solving ability
of junior high school students. Students in solving
algebraic problems are categorized in a fairly good or
moderate category. Students tend to go through more
stages to write down what is understood and the
problem-solving strategy plan rather than directly solving
the problem. Due to the lack of students making
preparations and problem-solving strategy plans, students
tend to be unable to make reflection analyses of the
results of the answers because they are unable to match
the previous data, facts, and information.

However, it is different from students who go through
step-by-step problem-solving. The study results will get a
deeper picture of the condition of students’ mathematical
problem-solving skills. Mathematical problem-solving
skills are one of the skills that are expected to be
developed through mathematics learning. Thus, it is
expected that in the teaching and learning process, both
teachers and educational observers can always design
problems that give rise to students’ attitudes to solve
problems more than just running problems.

The limitations of face-to-face time inactivity
research and the time lag between meetings cause the
data collection process to be not as good as the ideal time,
where students often forget the problem-solving steps
that have been done in the past. With these limitations,
the findings obtained in this study show that students’
mathematical problem-solving skills can be developed

well through a more intensive instructional process. It is
expected that the next research will be able to deepen
further students’ ability to solve problems, especially in
the form of problems because there is still the possibility
of students having mathematical problem-solving skills
that are not poured in oral form.

The novelty of this study is in communication
techniques used by students in completing the
mathematical tasks. The limitations of this study are due
to the implementation of online learning so that students
have difficulty in learning mathematics, and they need
further research to improve online mathematics learning.
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