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Abstract

Purpose: Mathematical word problems continue to challenge students due to their reliance on a range of interconnected
mathematical concepts. This study investigates the specific types of errors students make when solving word problems,
using Newman's Error Analysis as a framework. Methodology: Employing a descriptive-qualitative methodology, data were
collected through tests and interviews with 47 eighth-grade students from a junior secondary school in the Ohangwena
region of Namibia. Of these, nine students participated in interviews for a deeper understanding of their problem-solving
processes. Findings: The analysis revealed that while no students experienced difficulties during the reading stage,
significant challenges arose in later stages: comprehension errors occurred in 30.9% of cases, transformation and process
skill errors were each observed in 62.2% of responses, and encoding errors, manifesting as inaccuracies in the final answer,
were present in 62.8%. Significance: These findings highlight the critical need for educators to focus on enhancing students’
abilities to tackle word problems, particularly by incorporating assignments grounded in real-life scenarios to foster better
comprehension and application of mathematical concepts.
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Introduction

Mathematics word problems serve as a fundamental aspect of mathematical education, bridging
theoretical concepts with real-world applications. Not only do these problems assess students' under-
standing of mathematical principles, but they also foster their problem-solving skills and critical thinking
abilities (Nursyahidah et al., 2018). Bal and Artut (2022) highlighted that mastering the skill of solving
mathematics word problems is crucial for establishing connections between academic learning and
everyday life, effectively managing various activities, and ultimately attaining economic success. How-
ever, despite their pedagogical significance, research indicates that many students encounter difficulties
when tackling mathematics word problems, particularly in the context of the 8th grade curriculum (Yunus
et al., 2019). When students encounter story problems, their understanding of the nature of mathemati-
cal problems tends to deepen. Additionally, grappling with story problems serves as a valuable tool for
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nurturing students' cognitive abilities. Chu et al. (2017) and Dietiker (2015) state that solving mathemat-
ical problems presented as stories involves a series of cognitive steps, including understanding the
meaning of each sentence, identifying key terms, converting everyday language into mathematical ex-
pressions or models, and deciding which elements to represent as variables. Emanuel et al. (2021) de-
fine a word problem as a scenario that involves the use of mathematical sentences, numbers, relation-
ships, and arithmetic operations to solve the problem. As highlighted by lilonga and Ogbonnaya (2023),
word problems entail mathematical scenarios embedded within stories, ultimately translatable into
mathematical equations. Verschaffel et al. (2020) assert that mathematical word problems function as
narrative vehicles that depict real-life situations that require mathematical solutions. They explain that
such problems include written descriptions that combine numerical information with inquiries or sets of
questions that require resolution. Unlike conventional equations, which straightforwardly present varia-
bles and operations, word problems veil mathematical concepts within everyday contexts or plausible
scenarios. A mathematical word problem, also known as a story problem, serves as a written depiction of
a problem scenario for educational purposes. It usually includes one or more questions whose answers
can be found by using math operations on numbers given in the problem statement or figured out from
the problem statement itself (Ginsburg, 2022). Error analysis, as commonly employed, serves to pinpoint
the root causes of students' consistent mistakes (Lai, 2012). It involves scrutinising students' work to
detect recurring patterns of misunderstanding."

In the field of mathematics, students often face difficulties when attempting various prob-
lem-solving tasks, especially when faced with word problems structured as narratives. Students' strug-
gles with solving mathematical story problems may stem from the inadequate transmission of concepts
from teachers to students, as noted by Xin et al. (2008). Many educators' inadequate mastery of suitable
teaching approaches and methods can hinder students' comprehension of the taught material, leading
to difficulties in tackling mathematical word problems, as highlighted by Schmidt (2012). Setiyawati et al.
(2022) underscored the importance of implementing enjoyable mathematics learning approaches to
enhance students' comprehension of word problems. They advocate for addressing the root causes of
students' struggles using methods such as error analysis, which involves scrutinizing students' mistakes
in solving story-based questions (Santoso et al., 2022; Yunus et al., 2019). Understanding these errors
helps identify the factors contributing to students' difficulties, allowing for the application of suitable and
engaging teaching methods. This aligns with previous research emphasising that students' errors serve
as valuable insights into their mathematical challenges, making error analysis instrumental in identifying
the hurdles students face in learning mathematics (Annisa & Kartini, 2021). Rahmawati (2019) further
explains that the complexity inherent in solving such narrative-based problems manifests through errors,
referred to as inaccuracies in navigating through the intricacies of word problems.

Numerous studies have observed a variety of errors among students as they solve mathematical
word problems (Adu et al., 2015; Haerani et al., 2021; Haghverdi et al., 2012; Verzosa-Quinto, &
Mabansag, 2023). Furthermore, researchers have endeavored to investigate the potential underlying
causes of these errors. Abdullah et al. (2015) introduced a taxonomy consisting of four distinct catego-
ries of errors commonly observed among students when solving mathematical problems. These catego-
ries include careless errors, conceptual errors, application errors, and procedural errors, each defined
as follows: Careless errors refer to mistakes that are typically overlooked but can be identified upon
careful review of one's work; conceptual errors arise due to inadequate comprehension of the properties
or principles outlined in the textbook or lecture materials; application errors occur when there is a grasp
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of underlying concepts but difficulty in applying them to specific scenarios or questions; procedural er-
rors manifest when instructions are either skipped or misunderstood, yet a solution is reached nonethe-
less. Sepeng and Sigola (2013) conducted a case study examining errors made by 9th-grade students
in mathematical word problems. Their analysis of the data revealed that students' errors in solving word
problems stemmed from a lack of understanding of the mathematical terminology used in the problem
statements. Davis (2019) conducted a study on junior high school learners, revealing challenges stu-
dents face in recognising keywords within mathematical problems, particularly in word-based scenarios.
Furthermore, Veloo et al. (2015) investigated errors made by 10th-grade students in symbols, graphs,
and mathematical problem-solving. The study involved 315 students and identified several common er-
rors, including conceptual misunderstandings, careless problem-solving, and errors in values. Santoso
et al. (2017) elucidate the findings of their study, indicating that the majority of errors encountered by
students when tackling mathematical word problems or mathematical tasks stem from transformation
errors and deficiencies in process skills. Furthermore, Angateeah (2017) presents findings from his re-
search indicating that high-achieving students tend to make errors in solving non-routine word problems
due to carelessness, while average-achieving students commonly experience procedural errors, and
low-achieving students often struggle with visualising and representing problems. Sepeng and Sigola
(2013) conducted a case study on 9th-grade students' errors in mathematics word problems, revealing
that these errors often stem from a lack of comprehension of the mathematical vocabulary used in
problem statements. Furthermore, Tong and Loc (2017) discovered in their research that students' er-
rors in solving mathematical problems can arise from a variety of factors, such as carelessness, subjec-
tivity, incorrect application of calculation rules, misidentification of problem types, and inaccurate calcu-
lations. Taking these findings into account, the aim of this study is to identify errors made by students
when solving mathematical word problems.

In order to assist students in effectively solving word problems, it is imperative to analyse the er-
rors they make during the problem-solving process (Verzosa-Quinto & Mabansag, 2023). One approach
to analyzing these errors is Newman's error analysis method, which delineates five stages to systemat-
ically examine students' mistakes. These stages encompass various types of errors encountered by
students when tackling mathematical story problems: reading errors, comprehension errors, transfor-
mation errors, errors in procedural skills, and errors in the solving process (termination error), as out-
lined by White (2005).

Annizar and Kumala (2023) describes the error analysis process based on Newman's Error
Analysis as follows:

a)  Reading error

Reading errors may manifest. These errors arise when students struggle to comprehend words or
symbols as the primary information in the problem, leading to an inability to utilise this information effec-
tively while working on the questions. As a result, the answers provided by students often fail to align
with the intended meaning or context of the problem.

b)  Comprehension errors

Misunderstandings arise after students have read the questions, yet they fail to grasp what is re-
quired to address them. This leads to a misinterpretation of the information presented in the questions,
hindering their ability to solve the problem effectively.
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c)  Transformation errors

Transformation errors occur when students understand the problem's questions but struggle to
convert them into the correct mathematical format. This is often characterized by students' inability to
select the appropriate mathematical operation to solve the problem.
d)  Process skills error

When students are able to identify the necessary action or operation to solve a problem but fail to
execute the solving procedure accurately, process skill errors emerge. This type of error may also stem
from students' insufficient proficiency in counting.
e)  Encoding error (mistake writing the answer)

Even after students have successfully solved math problems, errors may persist in the form of
inaccurately written responses. This occurs when students misunderstand what is required or make
mistakes during the solution process.

Method

This investigation employs qualitative methodology. As outlined by Davis (2019), qualitative re-
search is characterised by the presentation of findings through descriptive language. Employing a de-
scriptive research design, the study aims to detail and clarify the types of errors encountered by stu-
dents while solving mathematical word problems. The study comprised 47 8th grade learners from one
junior secondary school in the Ohangwena region. We conducted interviews with 9 out of the 47 8th
grade students, specifically focusing on those who displayed a high frequency of errors. We interviewed
each participant about their performance in the mathematics word problems test.

Data gathering methods employed in this study included a written test (subjective test) and an in-
terview (based on Newman'’s first procedure), followed by analysis of the acquired data and information
in a descriptive manner. Triangulation techniques ensured the validity of the test data. We designed the
interview sheets to facilitate error analysis based on Newman's Error Analysis, which allowed the re-
searcher to identify types of errors encountered while solving mathematical word problems (specifically,
reading). According to Newman's Error Analysis, Table 1 outlines the indicators of students' errors.

Table 1. Indicators of Errors According to Newman

Types of errors Indicators

(a) The question contains important words that were not correctly interpreted.
(b) Error reading main information.

(c) Students do not apply the knowledge they have acquired to prob-
lem-solving.

Reading Errors

The students have failed to accurately capture the information in the ques-

Comprehension Errors .
tion.

. Students often struggle to translate information into accurate mathematical
Transformation Errors

sentences.
Process skills errors Students often make mistakes when performing calculations.
Encoding Errors Students are unable to write their final answers or draw conclusions.

(Source: Suryani, 2018)
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Table 2 presents a comprehensive compilation of word problems meticulously selected to serve
as instrumental tools for data collection purposes. The design of these word problems specifically in-
volves learners in comparing various scenarios, which requires them to use critical thinking skills to me-
ticulously analyse and calculate the provided information to derive solutions.

Table 2. Written test questions

Item Questions

If you have 18 m of fabric material, 3 m is required to make a choir gown. How many gowns will

g you make from the fabric material?

Isabella has 16 postcards, which is 7 fewer than Ashneel’s postcard. How many postcards does

2 Ashneel have?

3 The length of a rectangular piece of land is 7 m, and the width is 5 m. Determine the perimeter
" of this land.

4 A qirl has 12 sweets and gives her younger sister one-third of them; how many sweets does

she give her sister?

Results and Discussions

We carefully scrutinise each element of a student's work to evaluate its significance when cate-
gorising errors. We then meticulously tabulate the resulting percentages and display them in Table 3,
offering a detailed breakdown for analytical reference.

Table 3. The Newman Procedure Determines the Percentage of Errors Made by Students.

Problem Reading  Comprehension  Transformation  Processing skills Encoding
% N % N % N % N %
1 - - 16 34.0 20 42.6 20 42.6 20 426
2 - - 5 10.6 27 57.4 27 57.4 28 59.6
3 - - 17 36.2 35 74.6 35 74.6 36 76.6
4 - - 20 42.6 35 74.6 35 74.6 34 72.3
Total - - 58 30.9 177 62.2 117 62.2 118 628

According to the data provided in Table 3, it is evident that out of the total 47 students who par-
ticipated in the test, a noteworthy proportion exhibited errors in various aspects of word problem-solving.
The word problem-solving assessments identified a total of four errors among the students. Table 3 pro-
vides a summary of the error types, their frequency (N), and the percentage distribution.

Table 3, clearly shows that none of the study participants made any reading errors in all the ques-
tions when attempted to solve the algebraic word problems. According to the table, the majority of errors
occurred during the encoding stage, accounting for 62.8% of the total errors. This suggests that stu-
dents encountered challenges in arriving at the correct final answers, likely due to preceding errors such
as those in transformation and processing skills, which also had a significant occurrence rate of 62.2%
each. This indicates a failure on the part of students to employ appropriate problem-solving methodolo-
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gies. The error of comprehension was committed by 30.9% of the learners who struggled to identify the
given information (known) and determine what was being asked (unknown). On the other hand, reading
errors had the lowest occurrence rate at 0%, although not all students exhibited fluent reading skills.
This implies that students generally had the capability to comprehend the problem statements.

Comparatively, previous studies on students' error patterns have shown a similar trend, with er-
rors predominantly occurring at stages other than comprehension. For instance, in Trance (2013) study,
transformation errors accounted for the largest proportion at 47.69%, while reading errors were minimal
at 3.85%. Abdullah et al. (2015) study demonstrated the highest error percentage in encoding at 27.58%,
with reading errors again registering at 0%. Similarly, Santoso et al. (2017) found transformation errors
to be most prevalent at 20%, while reading errors were minimal at 2%.

Observations indicated that problem 4 exhibited a notable frequency of errors among students,
whereas problem 1 was characterized by the least number of errors among the student responses. The
evaluation results focused on four participants who made the most mistakes when solving word prob-
lems. We selected one problem from each student's work for analysis. Each student reviewed their test
results, then participated in interviews based on their work. Figure 1 shows Learner 14 (L14)'s work on
question 1.
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Figure 1. Test results for learner 14 on question 1

Based on Figure 1, it is apparent that L14 initially interpreted the given information as comprising
18 materials, which was inaccurate. In fact, the given information pertained to the measurement of the
material, which was 18 meters. This misunderstanding indicates a comprehension error in distinguishing
between what was known and what was unknown. However, L14 correctly identified the measurement
required for one choir gown.

During the problem-solving process, L14 encountered difficulties in translating the information into
a correct mathematical equation. Instead of employing the appropriate division operation, L14 mistak-
enly used subtraction. Additionally, L14 omitted to outline the method for determining the number of
gowns from the provided material, indicating a lack of clarity in the transformation process. Subse-
quently, in the calculation stage, L14 subtracted 3 metres from the total 18 metres of material rather
than dividing the total material measurement by the measurement of one choir gown. This reflects a
deficiency in process skills.

In the final stage, L14 incorrectly concluded that the material could yield 15 gowns, highlighting an
encoding error. Figure 2 shows Learner 2's (L2) work.
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Figure 2. Shows the test results for learner 2 on question 2.

In addressing question 2, Figure 2 reveals that L2 successfully identified at least one correct piece
of information, noted inaccuracies with the other piece, and failed to recognise the unknown variable.
Specifically, L2 correctly noted that Isabella possesses 16 postcards. However, L2 mistakenly recorded
that Ashneel has 7 fewer postcards, when in fact, it is Isabella who has 7 fewer postcards than Ashneel.
This oversight in specifying the question's requirement is classified as a comprehension error. Moreover,
L2 managed to document only one applicable formula for solving the problem. The failure to accurately
note down the correct formulas necessary for resolving the posed question resulted in a transformation
error. In the subsequent stage, L2 attempted to calculate the number of postcards Ashneel possesses
by subtracting 7 from Isabella's 16 postcards, which was an incorrect approach. The proper method in-
volved addition, not subtraction, indicating a processing skill error. Lastly, during the conclusion phase,
L2 erroneously asserted that Ashneel possesses fewer postcards than Isabella—a statement that runs
counter to the presented scenario and results in an encoding error. This series of mistakes demonstrates
a fundamental misunderstanding of the problem's requirements and the mathematical operations
needed to solve it. Figure 3 shows the work of Learner (L31)."
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Figure 3. Test results for learner 31 on question 3

Figure 3 shows L31's progress in solving question 3. L31 correctly identified the known and un-
known aspects of the problem. The problem is known to concern a rectangular piece of land with a
length of 7 meters and a width of 5 meters. L31 correctly recognized that the question asked about the
land's area. Furthermore, the learner correctly drew the shape of the land as a rectangle. However, L31
wrote down an incorrect formula to solve the problem. Instead of using the correct formu-

la P=Ixw+1Ixw , which represents the perimeter of a rectangle, L31 wrote

P = | +w + I + wsomething else. This mistake indicates a transformation error. During the calcula-
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tion process to determine the area of the land, L31 mistakenly multiplied the length (7 metres) and the
width (5 metres) together, which is incorrect. This oversight indicates a process skill error, as it failed to
follow the correct calculation method. In the final step, L31 did not arrive at the correct solution for the
given problem, indicating an Encoding error. Figure 4 depicts Learner (L7)'s work.
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A. um.jcr skl "j(‘\‘ X Emm Hhe 12 Wftk._...]i_--.,,..

T s A R
3bi’ §‘ 1.3 {{

Figure 4. Test results for learner 7 on question 4.

As shown in Figure 4, in question number 4, L7 accurately recorded the initial information, stating
that the girl in the provided problem possesses 12 sweets and that the younger sister has 1/3 of the 12
sweets. This suggests no error in the reading and comprehension stages. However, L7 omitted to doc-
ument the formulas utilised to derive a solution for the given problem, resulting in a transformation error.
Furthermore, L7 executed the process incorrectly by subtracting 1/3 from 12 sweets instead of multiply-
ing the 12 sweets by the specified portion (1/3) allocated to the younger sister. This signifies an error in
the process skill. In this scenario, the learner indicated that the younger sister received 11 sweets,
whereas the correct calculation would yield 4 sweets after multiplying 12 by 1/3. Therefore, L7 failed to
provide the accurate final answer, indicating an incomplete resolution of the problem across various
stages, leading to an encoding error.

Conclusions

After analysing the data, it can be concluded that Grade 8 learners made errors in four distinct
categories when answering word problems. These errors include comprehension errors, transformation
errors, process skill errors, and encoding errors. This finding indicates that Grade 8 learners frequently
encounter difficulties aligning with Newman’s procedures as follows: In the comprehension stage, 30.9%
of the learners struggled to identify the given information (known) and determine what was being asked
(unknown). During the transformation stage, 62.2% of the learners faced challenges in devising prob-
lem-solving strategies, resulting in difficulties converting word information into correct mathematical
formulas and equations. In terms of process skills, 62.2% of the learners failed to apply the appropriate
operations when solving word problems, leading to errors in calculations. In the encoding stage, a large
percentage of 62.8% of the learners encountered difficulties in drawing conclusions, often due to the
use of incorrect formulas, while, 0% of the participants made reading errors during the algebraic word
problems test.

Based on the aforementioned research findings, the study offers the following suggestions:

1. Teachers should provide more word problems based on real-life situations to enhance learners'
proficiency in solving mathematical word problems.
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2. The study recommends incorporating Newman's procedures into the teaching and learning of
mathematical word problems.
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