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Errors and misconception in students’ mathematics learning have become hot topics for teachers, educators
and researchers for decades. Consistent errors may lead to misconception which ultimately affect the
students’ learning performance. This study centered on errors made by the students when they attempted to
solve mathematics word problems. The objective of this study was to identify the errors the students made
in solving quadratic function word problems. Qualitative method with students’ test paper analysis and the
in-depth interview using Newman’s Error Analysis (NEA) framework were used to identify the students’
errors and mistakes. Forty grade 12 students studying in a Cambodian public high school participated in the
study. It was found that the students made the most errors in comprehension level (36.2%), reading errors
accounted for 2.15% while transformation errors made up of 12.27%. Process skills errors made up of
19.94% while encoding errors (29.44%) ranked second among errors the students made. Failure to know or
understand individual mathematical concept, for example vertex, symmetry line, interception point, range
and domain of function etc. had hindered the students’ comprehension of the problem and led to difficulties
in solving math problems. This study suggested careful attention should be taken into account when
introducing specific mathematics concept to students, especially at the early stage. Emphasizing the
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relationship between each concept helped strengthen the students’ comprehension of the problem and
improve their overall mathematics learning ability.

mathematics word problem, error,
Cambodian student
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1. INTRODUCTION

In general education 2, mathematics plays very

person’s mind, influencing his/her reasoning ability
and developing the person’s personality.

important role in strengthening students’ critical
thinking and problem-solving skills etc. Mathematics
has been regarded as one of the most important
subjects among other school subjects. In relation to
this, Jha (2012) and Peter (2011) mentioned that
mathematics plays major role in improving the

In any country, mathematics and the national
language are two most compulsory subjects to be
taught at every school level. The requirement of
mathematics increases throughout grade levels due to
its role in scientific, technology and human
development. Peter (2011) stressed that mathematics

L1t should be note that the Khmer terms for Newman’s five errors have not officially defined, but in this paper the researchers used
tentative translation as follow: reading error-fu)agitmirns, comprehension error-Au)phmitydy, transformation error-Au)ghminiang

Thseheanty, process skills error-At) mghﬁmﬁimnm:mw and encoding error-Au)WRRMINMUEMAGRER.
2 In Cambodia, the term general education refers to the education system comprises of 12 grades: primary level, lower secondary level

and upper secondary level.
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is considered to be the only subject which is
universally used in all cultures of the world to
produce the educated man. Despite its importance, the
learning of mathematics are still major issues for
learners at all levels.

1.1. Research Problem

In mathematics classroom, two types of mathematical
problems are primarily focused: (i) ready-to-solve
math problem and (ii) mathematics word problem.
Solving mathematics word problem is one of an
integral part of the students’ learning. In ready-to-
solve problem, the students are not required to think
about how the equation or expression of problem is
generated or what phenomena an equation is
represented; however, in math word problem, the
students need to critically analyze the real-word
phenomena, draw symbol, expression, equation or
mathematics representation before proceeding to the
calculation process.

Table 1
Interview questions followed the Newman’s Error
Analysis prompts
Problem
Ready-to-solve
math problem

Example
Calculate the root(s) of the
equation x?>+2x+3 =0 in
real number domain.

Mathematical
word problem

The sum of two numbers is 18,
and the product of these two
numbers is 56. What are the
numbers?

According to Seifi et al. (2012), dealing with real-
world problems that requires critical thinking, process
skills solutions, pictorial and symbolic representation
and interpretation is even more important than just as
equations or math expression ready to be solved. For
the first example in Table 1 above, the student can
proceed to solve the quadratic equation directly after
understanding the problem. They can use whatever
method they know to solve the problem. However, for
the second example, the students need to go through
several steps, for example:

= First, read and try to understand the problem’s
requirement.

= Determine the correct mathematical expression
or equation representing the math situation.

= Determine the best way to solve the problem.

= Proceed with the calculation process.

= Provide written solution to the problem and fit
the math situation.

Due to the nature, math word problem poses more
difficulties to learners compared to the ready-to-solve
math equations. The issues in learners’ difficulties in
solving mathematics word problems have attracted
attention among teachers and mathematics educators
alike (Capone et al., 2021; Fatmanissa & Novianti,
2022; Seifi et al., 2012). Despise of the presence of
the students’ difficulties in mathematics learning,
however, the study focusing on this issue is not much
popular in Cambodia’s context.

There were several studies conducted by MoEY'S and
partners as well as independent researchers; however,
those existing literature focused on general issues in
education sector, for example issues in research and
higher education in Cambodia (Eam, 2015, 2016; Un,
2022; Williams et al., 2016), issues in English
learning or instruction (Heng, 2012; Chhom & Kep,
2022; Em, 2022; Phon, 2017; Seng & Tep, 2022),
issues related to student’s learning achievement
(Heng, 2013; Soeung et al., 2012), issues on school
dropout (Heng et al., 2016) and issues about teachers
and teaching profession (No & Heng, 2017). There
were some studies about mathematics education in
Cambodia (Khieu et al., 2019; Ly et al., 2022; Mong,
2020); however, those studies covered general issues
in mathematics teaching and learning, but none
focused on issues in students’ mathematics learning
with specific math contents.

Lack of knowledge in the issue, scarcity of scientific
findings and lack of attention and consideration in
mathematics education research motivates this study.
The present study intended to fill the gap in scientific
knowledge about contemporary issues in Cambodian
mathematics education, especially focusing on a
specific topic: quadratic function.

1.2. Research Objectives

The current research focused on the students’ errors
in solving quadratic function problems. Specifically,
the objective of the study was to identify the students’
errors in solving quadratic function word problems
using Newman’s Error Analysis (NEA) framework.
The study was guided by the following question:
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At which level, according to Newman’s Error
Analysis framework, do the students commit
error/s in their attempt to solve quadratic function
word mathematics?

2. LITERATURE REVIEW

2.1. Quadratic Function Concepts

In mathematics education, function concepts play
very important roles in mathematics learning.
Function concepts have been explicitly stated at
higher grades; however, the natural concepts of
function buried in all elements of mathematics from
the early grades of study to the advanced level of
mathematics learning. At primary school education,
function concepts are implicitly introduced in
mathematics curriculum in the form of concrete
topics such as percentage, fraction, proportion etc.
The concepts are later explicitly built from primary
concepts of percentage, fraction and proportion into
linear function and more complicated concepts
throughout the grades. Other concepts of function
such as quadratic, trigonometric, exponential and
logarithm functions etc. are studied in higher grades
following linear and non-linear function concepts.

In Cambodian mathematics curriculum, the concepts
of quadratic function are explicitly introduced in
grade 8 covering topics such as creating the table of
values, identifying the domain and range (image) of
the function, solving quadratic equation using
different methods, for example, discriminant method,
perfect squared method, factorization method etc.
The concepts of solving quadratic inequalities, vertex,
axis of symmetry, interception points, tangent line,
common form (y = f(x) = ax? + bx +¢) and its
standard vertex formy = f(x) = a(x — h)? + k are
also introduced step by step throughout higher grades.
Moreover, more complicated concepts such as the
relationship between the graph and its coefficients,
the roots and its discriminant (A= b? — 4ac), etc. are
covered. These concepts are then used extensively in
limits of functions, derivatives and integration in
senior secondary mathematics education and
university mathematics education.

2.2.  Students’ Errors in Mathematics

Error is very common in the process of learning and
solving mathematical problems, and sometimes

students make certain mistakes during the process of
their calculation. Errors or mistakes can be valuable
sources for teachers to understand students’ way of
thinking because when solving mathematical
problems, students usually put their knowledge and
understanding into the calculation process (Cahyani
et al., 2021). Error patterns in mathematics
calculation reveal misconceptions about what they
have learned, and that misconceptions are derived
from problems due to conceptual misunderstandings
(Ashlock, 2006; Holmes et al., 2013; Muzangwa &
Chifamba, 2012). These conceptual misconception or
misunderstanding may affect the students’ future
learning in mathematics. Teacher needs to be aware
of students’ mistakes, especially the persistent errors
that might contain students’ misconceptions about the
topic they are learning.

Errors are usually divided into two types namely
systematic error and unsystematic error (random
error). An error can be a mistake, miscalculation or
misjudge and such category falls under unsystematic
errors. According to Muzangwa & Chifamba (2012),
misrepresentation of a mathematics concept is not a
misunderstanding that may produce a misconception
in learning. Systematic error fall into the consistent
errors or mistakes students made which caused by
their conceptual misunderstanding. According to
Holmes et al. (2013) and Muzangwa & Chifamba
(2012), misconceptions are derived from problems
due to conceptual misunderstandings and mistakes
are derived from computational or minor mishaps or
carelessness.

2.3. Newman’s Error Analysis

Newman Error Analysis (NEA) is an error
identification framework proposed by a famous
Australian mathematics educator, Anne Newman, in
1977. The model has been proved to be a reliable tool
for studying students’ errors in mathematical word
problems (Muzangwa &  Chifamba, 2012;
Prakitipong & Nakamura, 2006; Singh et al., 2010;
White, 2010; Zakaria et al., 2010). The method had
also been used in science subject research, for
example Haqqg et al. (2021). During the mathematical
problem-solving processes, the students will commit
errors and, according to Newman, these errors may be
categorized into the following stages:
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Reading = Comprehension = Transformation =
Process Skills = Encoding

While teaching mathematics and when encountered
with students who struggle in learning this subject,
teachers usually said that their students could not
solve mathematics problems correctly and that they
made errors in mathematics problem solving.
Newman, however, suggested that the students may
commit errors in reading or comprehension of the
problem before they arrive at pure mathematics
problem-solution process. For Newman’s method, it
is assumed that in the process of problem solving,
there are two kinds of obstacles that hinder students
from arriving at correct answers (Jha, 2012, p. 17;
Prakitipong & Nakamura, 2006, p. 113).

e Troubles in reading language and abstract
understanding of the problem which hinder their
understanding the meaning of problems.

e Troubles in processing the mathematical
problems that consists of transformation,
process skills, and encoding answers.

According to Newman, in order to assess the students’
errors, teachers need to ask the correct questions so
that these errors can be detected from their
mathematical thinking which also gave the birth to
her proposed error analysis framework.

= Reading Error

Reading error occurs when the student fail or
cannot recognize the written words, symbols or
mathematical expressions in the given problem.

= Comprehension Error

Comprehension errors occurs when the student
could read or recognize the words, expression or
mathematics symbols properly but they failed to
understand its requirement or fully comprehend
the problem, thus causing him/her to make
mistakes or unable to get to problem-solution
process.

= Transformation Error

Transformation error occurs when the student has
correctly comprehended the question or the
requirement in the mathematics problem but they
failed to identify proper mathematical operation or

sequence of operations to successfully pursue the
course of problem-solution.

= Process Skills Error

Process skill error occurs when the student could
correctly identify the proper procedures (or
sequence of operations) for the problem, but they
failed to execute or carry out the mathematical
operation or procedures correctly.

= Encoding Level

Encoding error occurs when, despite having
solved the mathematical tasks appropriately and
correctly, the student fails to provide an acceptable
written form of the answer.

The following table presents some prompts which can
be used to detect the student’s error in specific stage,
according to Newman.

Table 2
Interview questions followed the Newman'’s Error

Analysis prompts

Questions Error Stages

1. Can you read the question
to me?

2. Do you understand the
problem?

Reading

3. How confident are you that
you can do this problem?
4. Tell me what is the question
asking you to do?

Comprehension

5. Tell me the method you
can use to find an answer
to the question

Transformation

6. Show me how you worked
out the answer to the
question

7. Can you show me the
working steps that you
have used in order to find
the answer?

8. Explain to me what you
are doing as you do it

9. Do you know you are
right? Why?
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10. Can write down your
answer to the question?

11. Tell me what is your
answer?

12. How confident do you feel
about the answer?

Encoding

Make the table values for y = —%xz and y =
4 x? then plot the graphs of these two functions.
Compare the graphs of y = x?and y = —éxz.

3. METHODOLOGY

This study employed a qualitative-based research
methodology where quadratic function knowledge
test and in-depth interview using Newman’s Error
Analysis prompts were used as data gathering
methods. A total of forty grade 12 students studying
in a Cambodian public high school participated in this
study.

3.1. Instrument and Data
= Quadratic Word Problem Test

The quadratic word problem test consisted of six
items covering relevant concepts in quadratic
function. The test was designed to capture the
characteristics of the students” knowledge and
problem-solving skills in quadratic function concepts.
The testing concepts for each item were presented in
the following table.

Table 3
Quadratic function concepts measured in each item
of the instrument

Suppose that the profit or loss of a factory
depends on a function f(t) =t*—-2t—3,
5 | where t is the amount of products the company
sells. For which value of t that the factory
doesn’t have any profit or loss?

Given the graph of a quadratic function
y=f(x)=ax?>+bx+c, a#0

y

¥

Explain the relationship between the graph of
this function and its coefficients a, b and ¢ and
discriminant (A).

Expression | Positive Zero

a

Negative Why

b
c
A

Item Measuring mathematical concepts
Giveny = f(x) = —x?2—-2x+3
(a) Write the equation of this function into
1 standard form y = f(x) = a(x — h)? + k.

(b) Find the coordinates of vertex, axis of
symmetry, and y-interception of the graph
of this function.

(a) Please explain how you get the graph of the
function f(x) =x%2+2x—1 from the
graph of y = x? then plot the graphs of

2 these two functions on the same plane.

(b) Given —4 <x <6 for the quadratic
function y = f(x) =x?+2x—1. Find
the domain and range of this function.

Determine the value of m for which the
3 |equation x2+(m+1)x+1=0 has two
different real roots.

= |In-depth Interview

Face-to-face in-depth interviews took place one day
after the students completed the test, and the
interview lasted from 25 minutes to 30 minutes. The
interview questions followed the Newman’s Error
Analysis prompts presented in Table 1 above. There
were two practical ways of interview could be used as
illustrated below:

(i) during the interview process on a specific item,
if the researcher found that the students made an
error at any stage of Newman’s error, the
interview was stopped.

(ii) during the interview process on a specific item,
even any stage of Newman’s error was detected,
the interview still proceeded until the end of that
item.
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For this study, the researchers opted for the second
scenario due to its benefit in capturing detailed
information of knowledge and problem-solving
skills the students’ processed.

3.2. Data Analysis

The data analysis was made based on the solution
papers submitted from the students and the interview
scripts conducted with the participating students. The
interview contents were transcribed and analyzed
using content analysis based on Newman’s Error
Analysis framework. The errors the students made
were categorized into (i) reading error, (ii)
comprehension error, (iii) transformation error, (iv)
process skills and (v) encoding error.

4. RESEARCH FINDINGS

There were forty students participated in this study.
The age of the students ranged from 17 to 19 years
old during the study was conducted.

4.1. Students’ Errors According to Newman’s
Framework

It was revealed that out of the six testing items, the
forty participating students made a total of 326 errors,
according to Newman’s Error Analysis framework.
Not all the six testing items were solved by each
student, and some problems were left blank. In this
case, the blank problems were left out of the analysis.

Table 4
The distribution of the students’ errors according to
Newman’s Error Analysis

S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
S27
S28
S29
S30
S31
S32
S33
S34
S35
S36
S37
S38
S39
S40
Total

OO0 0000000000000 O0OO0OORRPNRPROOODODODOONO
PP RPERPNMNNMNNMNNENEPERPNMNNMNNENNRPRPOCONDDNOGODNOT WO
OO0 0000000000000 O0OO0O0ONMNWRERONWONNWN
OO0 00O RFRO0O0O0ODO0OO0OO0OORRPRORRFPROOMNWWNOUIOERE MDD
PP RPPFRPPRPPORPRPPOPRPORPREPLPORPRPORPORMNWVWRNROTOON G NSDN

N OWOPNDNWPERWWDNWEDNNNERENPEPAWW

~

118

I
o
o))
ol
©
o

326

S § o
Student o B % @ 2 Total

= s b7 8 S

§ 5 & g 8

x o I— o L
S1 0 3 0 2 3 9
S2 0 5 1 1 3 10
S3 0 3 0 2 2 7
S4 0 4 0 2 3 9
S5 0 4 1 2 5 13
S6 0 5 1 0 1 7
S7 0 5 6 5 6 22
S8 0 4 4 4 5 17
S9 0 5 5 4 5 19

The students made the most errors at comprehension
level, i.e., comprehension error, which accounted for
36.2% of all the errors produced. In addition, the
students committed several process skills errors
(19.94%), despise having identified the correct ways
to solve the problems. Surprisingly, encoding errors
accounted for considerably high proportion which
made up to 29.44% of the total errors made. Despise
having solved the problem correctly, the students still
made mistakes in encoding level, that is they failed to
provide the proper solutions to the questions asked in
wording or written formats.

The study also revealed that reading errors were
related to the students’ misreading of mathematics
operations, expressions and specific mathematics
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vocabularies etc., however, these mistakes were not
found to be obstacles for the students’ comprehension
of the problems.

Figure 1
Distribution of the students’ errors based on
Newman's Error Analysis

2.15%

e [

19.94%

12.27% /

= Reading

= Comprehension
Transformation
Process Skills

= Encoding

It was evidenced that the students had difficulties in
conceptualizing individual mathematical concepts,
for example, vertex, domain of function and range of
function etc. The students’ poor conceptualization in
the mathematical concepts had, obviously, hindered
their understanding about the problems and failed in
the subsequent steps of problem-solving processes.

The transformation errors were strongly related to
how much the students could comprehend and
understood the problems’ requirement; however,
some students even though they could identify the
problems’ requirement, they still committed errors in
transformation level due to their poor memorization
of the correct mathematical formulas.

4.2. Examples of the Analysis of the Student’s
Errors Based on Newman’s Framework

This section presented some examples of the analysis
of the errors the students committed when they tried
to solve the quadratic function word problems in the
test paper. The errors were classified based on
Newman’s Error Analysis framework: (i) reading
error, (ii) comprehension error, (iii) transformation
error, (iv) process skills error, and (v) encoding error.

< Reading Errors

A reading error occurred when the students could not
recognize the written words, symbols or math
equation or expressions. Misreading of the words,
symbols or those expressions also falls into this error
category.

Problem 2-B:

A. Please explain how you get the graph of the
function f(x) = x? + 2x — 1 from the graph
of y = x? then plot the graphs of these two
functions on the same plane.

B. Given —4<x<6 for the quadratic
function y = f(x) = x2 + 2x — 1. Find the
domain and range of this function.

(R: Researcher, S8: Student Number 8)

R: Can you read problem 2-B to me?

S8: Given —4 greater than or equal to x greater
than or equal to 6, for the quadratic
function f(x) = x2 + 2x — 1. Find the domain
and range of this function.

R: After reading, did you have any word or
expression that you were not familiar with?

S8: [ didn’t know many things in the question. I
didn’t know what is the domain or range of
function.

The student failed to read the symbol " < " correctly
in the given expression —4 < x < 6, instead of
reading it as “-4 is less than or equal to x and less
than or equal to 6”, the student read it as “-4 is
greater than or equal to x and greater than or equal
to 6.

S Comprehension Error

A comprehension errors occurred when the students
were able to read the question or were able to
recognize the mathematics symbols properly, but they
failed to understand the problem’s requirement, thus
causing him/her to make mistakes, could not fully
understand the problem and was unable to get to
problem-solution.

Problem 1-A:

Given the function y = f(x) = —x? —2x + 3
A. Write the equation of this function into standard
form y = f(x) = a(x — h)? + k.
B. Find the coordinates of vertex, axis of symmetry,
and y-interception of the graph of this function.

(R: Researcher, S13: Student Number 13)

R: Can you read problem 1-A to me?

S13: [Reading]...

R: After reading, did you see any unfamiliar word
or expression?

S13: Ididn’t know the standard form, teacher.

R:  Did you mean the word ‘standard form?’

S13: Yes teacher.
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R: How about the math expression y = f(x) =
a(x — h)? + k here? Have you ever seen it
before?

S13: | used to see it before.

R: Overall, did you understand the question asked?

S13: I understood, but I didn’t know what exactly is to
transform it into the standard form.

R: Did you think you can do it or not?

S13: No, teacher. Actually, I didn’t know which
standard form I need to transform to as I didn’t
know anything about it.

The student mentioned that she understood the
problem, but her words “I understood, but I didn’t
know what exactly to transform to the standard form”
indicated that she did not understand the requirement
of the problem and what it meant by the standard
vertex form, which was comprehension error.

< Transformation Error

A transformation error occurred when the pupil could
correctly comprehend the problem or the question’s
requirement but failed to identify the proper math
formula, operation or sequence of operation to
successfully pursue the course of problem-solution
process.

Problem 1-A:

Given the function y = f(x) = —x? —2x + 3
A. Write the equation of this function into
standard form y = f(x) = a(x — h)? + k.
B. Find the coordinates of vertex, axis of
symmetry, and y-interception of the graph of
this function.

(R: Researcher, S10: Student 10)

R: Can you read
problem 1-A to me? b f(:_ Kot 2

$10: [Reading] Using (MBS GOE

[.] e

R: | saw you did some B %’. "é‘
calculation on your
paper; can you tell ,(,q":q.(,:i)—g
me why you chose to
solve this problem = 4+d
using the delta f_y
method? ' -

S10: For this case, A= b? — 4ac. | chose it because

I looked at the given expression

y = f(x) = —x? — 2x + 3 at which the values
ofa=—-1,b=—-2andc = 3.

R: Could you tell more clearly why you chose delta
method (A= b? — 4ac) to solve this problem?

I could not find out other way for this problem,

so | chose to do it using this method.

S10:

From the interview, the students could understand the
problem requirement, but they chose an incorrect way
to solve it. The students might have thought that the
delta method could be used to transform the function
y = f(x) = —x%? — 2x + 3 into the standard vertex
form (y = f(x) = a(x — h)? + k).

< Process Skills Error

A process skill error occurred when the pupil could
correctly identify how to solve the problem or chose
the correct formula or sequence of procedures to
solve the problem, but they failed to carry out the
procedures correctly.

Problem 3:

Determine the value of m for which the equation
x>+ (m+1x+1=0 has two different real
roots.
Determine the value |an
&3 (ma 1) K 44=0

00
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Therefore, the equation has two roots iy ed \ wed

(R: Researcher, S10: Student Number 10)

R: Can you read this problem to me?

S10: [Reading]

[...]

R: Did you know what is the question asking you to

do?

It asked to determine the value of m so that the

equation had two different real roots.

R: OK, can you tell me how you get the problem
done?

S10: Because the question asked to determine the
value of m, so | took the given equation and
solve it using the delta-method A= b? — cha
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where, for this case, c =0,b = 0and a = 1.
Then | got: A= (m + 1) — 4(1)(1) then I got
A = m? + 2m — 3. But we know that for the
equation has two real roots if and only if A> 0.
Then | solved it one more time.
R: Can | see what you are doing here? Let me ask
you something more. You wrote m? + 2m — 3 >
0 and got (m? — 1) + (2m — 3) = 0, can you
explain to me how did you get " — 1" in the
expression (m? — 1)?
S10: I got if from 2m — 3
From this interview, the student understood the
problem’s requirement that is to get the two different
real roots. Moreover, he/she knew that the condition
for this to happen when the value ‘A > 0°. However,
they chose the incorrect formula of delta method as
well as committed a lot of errors during the process
of problem solving. In this case, the student made
mistakes in both transformation and process skills
levels.

2 Encoding Errors

An encoding error occurred when, despite having
appropriately and correctly solved a mathematical
task, the pupil failed to provide an acceptable written
form of the answer to the problem. In this research,
this error also included those mistakes made with the
conclusion of the solutions.

Problem 5:

Suppose that the profit or loss of a factory depends
on a function f(t) =t? — 2t — 3, where t is the
amount of products the company sells. For which
value of t the factory doesn’t have any profit or loss?

(R: Researcher, S29: Student Number 29)

R: Can you read this problem to me?

[.]

R: From your calculation, what is the answer for
this problem?

S29: | got the values for t which are t; =3

and t, = —1.

R: What do these values refer to?

S29: They are the amount of products that the factory
needs to sell so that they will not have any loss
or profit.

R: What is the conclusion for this problem?

S29: | concluded that, the factory needs to sell the
products t = 3 &t = —1 so that they will not
get any loss or profit.

For this problem, many students made mistakes in
drawing the written solution to the problem. They

could provide the correct answer, but they lack the
concept of amount which requires only positive value.
For this problem, the students provided the solution
with both positive and negative values of ¢t.

5. DISCUSSION

It was found that the students made the most errors at
comprehension level. The finding reflected the
general characteristics of the students’ difficulties in
solving the mathematical word problems. Without
restricting to a specific math content and research
contexts, several past studies, for example Jha (2012),
Prakitipong & Nakamura (2006), Singh et al. (2010),
White (2010) and Zakaria et al. (2010), showed that
during the process of solving mathematics problems
many students made a lot of errors in comprehension
before they arrived at problem-solving processes.
Students struggled in understanding the problems’
requirement which led to failing to identify the
correct way to solve the problems. In addition to this,
Jha (2012), Singh et al. (2010) and White (2010)
added that that the students would make more errors
in transformation level than in comprehension level
although errors committed in comprehension level
accounted for higher percentage comparing to the
other levels. In relation to this, Jha (2012) found that ,
in Southeast Asia, comprehension and transformation
errors accounted for about 70% of errors made by
students on standard word problems.

From the study, reading errors were not found to be
obstacles for the students’ comprehension of the
problems; however, lack of conceptual understanding
did play major roles in hindering their comprehension.
For example, in Problem 1-B, the students were asked
to determine the coordinates of the vertex of the
function y = f(x) = —x? — 2x + 3, the symmetric
line and the y-interception point of the graph using the
vertex form y = f(x) = a(x — h)? + k. From the
interviews, however, many students did not know or
they failed to understand the concept of ‘vertex of
graph of a function’. Many students suggested that
only the function with graph having maximum point
(i.e., the quadratic graph with coefficient a > 0)
should have vertex. The students may have confused
the term ‘vertex’ to the term used in Khmer language
which is translated as the ‘peak of something’. In
mathematics classes, many teachers introduced the
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term ‘vertex’ in Khmer as ‘A’ (pronounced

kompoul) which was literally referred to the ‘highest
point” in Khmer language. The students may lack of
a complete understanding of the concept of ‘vertex’
for a quadratic function that refer to ‘the maximum
point’ or ‘minimum point’ depending on the value of
the coefficient a.

Past experience of being a high school mathematics
teacher in Cambodian public schools, the researcher
argued that two major reasons might have contributed
to the students’ lack of conceptual understanding in
each mathematical concept then led to their poor
comprehension of the problems. The first reason may
be the lack of focus on the concepts themselves
during the teachers’ introduction of the lessons. The
second reason may be the habit of practicing
mathematics problem solving. In Cambodian’s
mathematics classes, more practices are put in ready-
to-solve mathematical problems rather than word
problems. Failing to provide more practical exercises
on the concepts, especially in word problems or real-
world problem may hinder the students’ holistic
comprehension of the problems.

6. CONCLUSION

This study aimed at identifying errors the students
made when they attempted to solve quadratic function
word problems using Newman’s Error Analysis
framework. The study found that the students
committed the most errors in comprehension level
and encoding level. Reading errors were found to be
related to misreading of mathematics signs, specific
mathematics vocabularies etc., however, these
mistakes were not found to be obstacles for students’
comprehension of the problems. Failure to understand
individual mathematical concept, for example vertex,
symmetry line, interception point, range and domain
of function etc., had hindered the students’
comprehension of the problem were sources of the
students’ comprehension errors. More errors in
encoding and lead to difficulties in solving the math
problems. This study suggested careful attention
should be taken into account when introducing
specific ~mathematics concept to  students.
Emphasizing the relationship between each concept
helped strengthen the students’ comprehension of the

problem and improve their overall mathematics
learning ability.

INFORMATION

This paper is part of my unpublished thesis for the
degree of master of mathematics education at
Hiroshima University. Having realized the significant
findings related to the issues in mathematics
education research, the authors wished to share the
findings to academic community by discussing with
current relevant literature. The data was a bit old;
however, the authors believed that the essence of the
findings should still be relevant, especially in
mathematics education in Cambodia. The study
contributes primarily in pedagogical context where
students’ learning of mathematics is the main focus.
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