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Abstract

Indonesian students’ relatively low performance in PISA has been closely linked to their difficulties in applying
mathematical knowledge to real-world contexts, which often led to errors. The main objective of this study was to
explore the types of mistakes students made when solving PISA-type questions within the content area of uncertainty
and data. This research was qualitative descriptive in nature. The research subjects consisted of five ninth-grade students
from a junior high school in Jambi Province, selected based on teacher recommendations. Data were collected through
tests and interviews. The results of the study showed that students frequently made mistakes at the stage of writing the
final answer, primarily due to difficulties in interpreting the given information and focusing too heavily on calculation
procedures while overlooking what the problem was actually asking. These findings provide a basis for further research
on analyzing students’ mathematical literacy skills in solving PISA questions, particularly within the domain of

uncertainty and data.
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INTRODUCTION

One of the main factors in improving the quality
of human resources for development is education
[1]. Among the essential disciplines today is
mathematics. This is supported by the statement
that mathematics is a fundamental science that is
closely related to other fields of knowledge and
can be applied in everyday life [2]. However,
students’ mathematics learning outcomes in
Indonesia remain suboptimal, particularly when
compared to international standards. This can be
seen from the results of the Programme for
International Student Assessment (PISA), which
routinely measures the reading, science, and
mathematics literacy of 15-year-old students [3].

Based on the last three editions of PISA,
Indonesian students have shown unsatisfactory
performance at the international level [4]. In
2015, Indonesia obtained a score of 386, which
declined to 379 in 2018, and further decreased in
the most recent PISA 2022 edition with a score of
359 [5]-[7]. This is due to students’ ability to
solve only familiar problems, while struggling
with non-routine, context-based mathematical
problems such as those assessed in PISA [8].

PISA categorizes mathematics problems into
four content areas, one of which is uncertainty
and data [3]. Uncertainty and data is a major
PISA content domain that relates to probability
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theory and statistics [9], [10]. Probability and
statistics are highly beneficial in daily life as
mathematical tools for analyzing diverse
conditions, describing, and presenting data, such
as when interpreting weather forecasts,
evaluating risks in health or insurance decisions,
or making sense of survey results in the news
[11]. Nevertheless, Indonesian students only
achieved a score of 363 in this domain, far below
most participating countries that scored above
400 [3].

These low scores are linked to students’
errors in solving PISA tasks, which stem from
several factors, including limited conceptual
understanding, lack of experience with
contextual problems, and a tendency in
mathematics instruction to focus on routine and
procedural exercises [12], [13]. Such errors cause
students to overlook critical mathematical steps
when attempting to solve problems [14]. To
identify these errors, indicators are needed to
trace the stages of problem-solving. Newman’s
Error Analysis (NEA) theory is highly relevant
for this purpose, as it categorizes students’ errors
into five types: (a) reading, (b) comprehension,
(c) transformation, (d) process skills, and (e)
encoding [15]. Through Newman’s framework,
researchers can identify the stages where students
most frequently make errors in solving PISA
problems.

A variety of studies have been conducted
regarding PISA tasks, such as the work of
Nurrosyadah et al. [16] analyzing mathematical
modeling abilities in solving PISA uncertainty
and data items, Murtiyasa and Asiyah [17]
analyzing students’ errors in solving PISA
quantity tasks, and Khusnah et al. [18] analyzing
students’ errors in solving PISA change and
relationship task. However, only a few studies
have explored students’ errors in solving PISA
uncertainty and data tasks through the lens of
Newman'’s theory.

The research problem addressed in this study
is: What types of errors do students make in
solving PISA mathematics problems in the
uncertainty and data content domain? The
objective of this research is to explore the errors
made by students in solving PISA uncertainty and
data tasks.

RESEARCH METHOD

This research is a qualitative descriptive study,
which aims to provide a straightforward
description of the types of student errors found in
solving PISA problems, without involving
statistical analysis. While numerical data such as
frequencies or percentages are included, they
serve only to support the descriptive explanation
of the observed patterns [19]. The study was
conducted on September 9, 2025, in class IX A of
a junior high school in Jambi Province. The
research subjects were selected using purposive
sampling based on the teacher’s
recommendation. In addition, the selection of
subjects also considered the age of 15 years,
which corresponds to the age group assessed in
PISA, particularly for measuring mathematics
literacy. The research subjects consisted of 5
students recommended by the teacher, chosen
based on their varying ability levels.

The exploration of errors in this study
employed Newman’s theory. In identifying the
errors made by students, the analysis was carried
out by observing the problem-solving steps,
which required indicators to facilitate the
identification of such errors. These indicators are
presented in Table 1.

The data collection techniques used in this
study consisted of tests and interviews. The
students were given original PISA 2012
mathematics problems from the uncertainty and
data content domain.

PISA 2012 released items (Faulty Players) [20]
The Electrix Company makes two types of electronic equipment: video and audio players. At the
end of the daily production, the players are tested and those with faults are removed and sent for
repair. The following table shows the average number of players of each type that are made per day,
and the average percentage of faulty players per day.

Average number of players

Average percentage of faulty

Player Type made per day players per day
Video Players 2000 5%
Audio Players 6000 3%

One of the testers makes the following claim: “On average, there are more video players sent for
repair per day compared to the number of audio players sent for repair per day.”
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Decide whether or not the tester’s claim is correct. Give a mathematical argument to support your

answer.

After the test, interviews were conducted to
explore students’ problem-solving processes and
identify the types of errors made. The test results
were analyzed using Newman's Error Analysis
framework, complemented by interview findings.
The data analysis process included data reduction
(selecting and simplifying relevant information),

data display (organizing data into tables or visual
forms for interpretation), and conclusion drawing
(identifying patterns and making inferences)
[21]. To ensure data validity, the study employed
both  technique triangulation (tests and
interviews) and source triangulation (multiple
data sources).

Table 1. Error indicators based on Newman’s theory

Process

Descriptor

Code

Reading -

Students are unable to read or recognize symbols in the problem;

NE 1

- Students are unable to understand the meaning of words, terms, or

symbols in the problem.
Comprehension

the problem;

Students cannot identify what is known and what is being asked in

NE 2

- Students misinterpret what is known and what is being asked in the

problem.
Transformation

problem;

Students use formulas or calculations that are not appropriate for the

NE 3

- Students do not use the appropriate formulas or calculations in

solving the problem;

- Students are unable to construct a mathematical model from the given

information.
Processing -

Skill problem;

Students cannot determine the solution strategy required to solve the

NE 4

- Students use a solution strategy that does not fit the problem.

Encoding -

Students write incorrect notations;

NE 5

- Students do not write the appropriate variables or units;
- Students do not write the correct conclusion;
- Students do not provide the final answer.

RESEARCH RESULTS

Based on the students’ answers in solving the
uncertainty and data problems, a classification of
the errors made in completing the given tasks was
obtained. The classification can be seen in Table
2.

As shown in Table 2, the subjects still made
errors consistent with Newman’s theory in
solving the PISA uncertainty and data problems.
Based on Table 2, the most common error made

by students was in writing the final answer
(encoding), which accounted for 80%. Other
errors included reading errors (20%), as well as
comprehension errors, transformation errors, and
process skill errors, each accounting for 40%.
Based on the students’ test responses, the
following section presents a description of their
answers and the interview results according to the
types of errors made in solving the problem.

Table 2. Students’ errors data based on NEA theory

Error category S1 S2 S3 S4 S5 Percentage
Reading Error v - - - - 20%
Comprehension Error v - v - - 40%
Transformation Error v v - - - 40%
Processing Skill Error v v - 40%
Encoding Error v v Y v 80%
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Reading error

One of the common errors identified in this study
is a reading error, which refers to students’
difficulties in interpreting symbols or

understanding the meaning of key terms in the
problem. Figure 2 shows an example of a
student’s response that was categorized as a
reading error (NE 1) based on Newman’s theory.

Orbikahur =

NE 1

Figure 2. Student’s error in the reading category

Figure 2 shows the answer of S1, where the
student was not yet able to interpret the context
of the problem. This is indicated by the writing of
95% and 97% in the answer, which had no
relation to the process carried out by S1. This
error was confirmed through the interview results
with S1.

P: Why did you write 95% and 97%? What
did you mean by subtracting them? Then,
what was the purpose of that?

S1: Because | subtracted them from 100%. |
meant to make it easier, and it indicated the
devices that were not damaged. Yes, I think |
made a mistake in understanding the
meaning of the given problem.

Irktghur= Pranghoe vido wou rusee fukar = 5% (95%)

Virangiae_qug ¥ waar Virhari = 3% (937

SO

| Ditanyps Tentuban apacah  klaim  (mpulr bedsbut Lnar Oege

fiday.

Dawab : Bawabannja ( Wanar )

kQrna_ purangiae vidis gard ruar (5% ) Sidongkan
Retnator 0udio(3% ) dimana S libik_ bonvat
daripeda... ... dod {Linar)

(a)

The results of the interview reinforced the
findings from the student’s written answer,
showing that the student still made an error in
indicator NE 1. S1 had not yet understood the
meaning of the percentages presented in the
problem. This aligns with indicator NE 1, where
students are unable to interpret the meaning of
words, terms, or symbols in the problem.

Comprehension error

Another type of error identified in this study is a
comprehension error, which occurs when
students misinterpret or fail to understand what is
known and what is being asked in the problem.
Figure 3 shows examples of students' responses
that demonstrate comprehension errors (NE 2)
based on Newman’s theory.

NE 2
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Figure 3. Student’s error in the comprehension category

Figures 3(a) and 3(b) show the answers of S1
and S3, where the students were not able to
interpret the information given and the
information asked in the problem. This can be
seen from S3’s answer, in which the student
wrote “video devices: 5%” and “audio devices:

3%,” which led to various speculations regarding
the meaning of the 5% and 3% stated in the
information. In addition, S3 did not provide the
information required for the problem but only
repeated the given information. The following is
the result of the interview with S3.



Turnip et al., Exploration of students’ errors in ...

89

P: Please try to read this problem again.
What information did you obtain from this
problem? What was asked in this problem?
Why didn’t you write that information in your
answer?

S3: The information | got was the number of
devices produced per day and the percentage
that were damaged. The problem asked for
the number of devices damaged per day. |
was confused about how to put the
information into written form.

Based on the interview results and the

student’s written answer, the student still made
errors in indicator NE 2. Student S2 was still

Wrbkahuw's Poranghae vido youn rusee Pudar = 5% (95%)

Viranglae qudi $p ruas Vuhari = 3% (977.)

Ditanyos Tntukan  apakah  klQim Qo bedsbut Lmar Gige

Liday.

confused about writing down the given
information and misunderstood what was being
asked in the problem in order to provide the
correct solution. This is consistent with indicator
NE 2, in which students misinterpret what is
known and what is asked in the problem.

Transformation error

Another common error found in this study is the
transformation error, which occurs when students
are unable to construct an appropriate
mathematical model based on the given
information. Figure 4 presents examples of
students’ responses that demonstrate this type of
error (NE 3) as defined by Newman’s theory.

NE 3
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Figure 4. Student’s error in the transformation category

Figures 4(a) and 4(b) show the answers of S1
and S2, where the students were not able to
correctly construct a mathematical model from
the information in the problem. S2 still made an
error when converting percentages to fractions,

5 3
writing 5% = —and 3% = — . The following is
10 10

an excerpt from the interview with S2.

P: How did you solve this problem? How did
you multiply the number of devices by the
percentage? Did you check your answer
before submitting it?

S2: 1 solved it by multiplying the number of
devices by the percentage of damaged
devices each day. | first converted the
percentage into a fraction. | already checked
it and was quite confident with my answer.

Based on the interview results and the
student’s written answer, the student was still
making errors in indicator NE 3. The student
made a mistake when converting percentages into
fractional form. This is consistent with indicator

NE 3, where students are unable to construct a
mathematical model from the information
provided.

Processing skill error
Another error found in students’ responses is the
processing skill error, which involves difficulties
in performing accurate calculations or selecting
appropriate procedures. Figure 5 illustrates
examples of this error (NE 4), where students
struggled with fraction operations and did not
apply the correct steps to solve the problem.
Figure 5(a) and 5(b) show the answers of
students S1 and S4, who still made calculation
errors, particularly when multiplying fractions.

The correct result of %x 2000should be 100

devices, and the result of %xGOOOshould be

180 devices. The following excerpt presents the
interview conducted with S4 to further examine
the errors made by the student.
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P: How did you solve this problem? Are you
confident that your calculation is correct?
Which part are you not confident about?

S4: 1 first determined the number of damaged
devices per day by multiplying the number of

Orbikahur's Puranghat vide you rusee Yutar = 5% (95%)

devices each day by the percentage of
damage. | am not quite confident with my
calculation results. In the part where |
multiplied the fraction by the number of
devices.

NE 4
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Figure 5. Student’s error in processing skill category

Based on the interview results and the
student’s written answer, the student was still
making errors in indicator NE 4. The student
immediately realized the mistake they made
because they were wunable to perform
multiplication operations involving percentages.
This is consistent with indicator NE 4, where
students are unable to determine the appropriate
solution to use in solving the problem.

Encoding error

The final type of error identified in this study is
the encoding error, which refers to students'
inability to properly write mathematical
notations, provide correct units, or formulate
appropriate conclusions. Figure 6 shows several
examples of students' responses that were
categorized as encoding errors (NE 5), despite
some having performed correct calculations
beforehand.

Figures 6(a)-(d) present the answers of
students S1, S3, S4, and S5, who still made errors
in determining the final answer and drawing
conclusions. Some students had already
performed the calculations correctly; however,
mistakes remained in formulating the conclusion
and final answer, as they only compared the
number of damaged devices without explicitly
stating whether the given statement was true or
false. The following excerpt presents the
interview conducted with S5.

P: What is being asked in this problem? Are
you confident that your solution is correct?

Did you recheck your answer before
submitting it? Why did you not state whether
the claim was true or false?

S5: Itis asking whether the claim stated in the
problem is true or not. Yes, | am confident. |
did not recheck my answer because | was
already confident it was correct. | did not
write it because | was too focused on the
number of damaged devices.

Based on the interview results and the
student’s written answer, the student was still
making errors in indicator NE 5. This is
consistent with indicator NE 5, where students
provided conclusions that did not correspond to
the question given. In other words, the student did
not write an appropriate conclusion.

DISCUSSION

Based on the test results and interviews, it was
found that students still frequently made errors in
solving PISA questions on the uncertainty and
data content. The most common error was related
to the final answer (encoding), consistent with
findings from previous studies analyzing errors in
word problems [22]. This type of error occurred
because students failed to provide the correct
conclusion in line with what was asked in the
problem, reaching as high as 80%. The interviews
also revealed that students were not careful
during the solving process, which contributed to
inaccuracies in the final answer [23], [24]. This
finding is supported by, who argued that final
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answer errors often occur because students are
not accustomed to formulating conclusions and

vbikahu s Puranghae vido yow rusae futar = S% (93%)

tend to focus only on the problem-solving
process.
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Figure 6. Student’s error in encoding category

Errors in comprehension, transformation, and
processing skills each occurred at a rate of 40%.
Comprehension errors arose because students
could not correctly interpret the information in
the problem into written form, resulting in
incomplete or inaccurate responses.
Transformation errors occurred because students
were unable to construct a proper mathematical
model from the given information, while
processing skill errors were caused by incorrect
calculations. These findings are consistent with
previous studies stating that comprehension
errors occur when students fail to fully
understand the problem information,
transformation errors arise from the inability to
translate problems into mathematical form, and
processing skill errors result from difficulties in
carrying out calculations accurately [25], [26].

Reading errors were the least frequent,
occurring at 20%. These errors were caused by
students’ incomplete understanding of the
problem’s context. This is also in line with
previous research findings, which state that
reading errors are influenced by students’
inability to properly interpret the sentences
presented in the problem [27], [28].

The findings of this study are consistent with
Nusantara et al. [29], who stated that Indonesian
students are not accustomed to mathematics
problems related to real-life contexts, making

them difficult to solve. The main difficulties
faced by students were in understanding
contextual problems and developing relevant
mathematical models. Therefore, this study can
serve as a reference for future research focusing
on mathematical literacy in solving PISA
questions, particularly in the uncertainty and data
content.

CONCLUSION

This study shows that students still experience
difficulties in solving PISA questions in the
uncertainty and data content. The most frequent
error was in providing the final answer
(encoding), followed by comprehension,
transformation, and processing skill errors, while
the least common error was reading. However,
this study has limitations as it only involved five
students from a single school, making it difficult
to generalize the findings, and it focused solely
on one content area of PISA. Based on these
findings, it is recommended that classroom
instruction emphasize guided practice in
formulating conclusions, interpreting given
information, and selecting appropriate strategies
for problem solving. Therefore, future studies are
recommended to involve a larger number of
participants and to focus on analyzing students’
mathematical literacy in solving PISA problems,
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in order to provide a more comprehensive picture
and contribute to the adjustment of future
learning strategies.
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