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INTRODUCTION

Algebraic word problems form an integral component of the 2019
standards-based mathematics curriculum in Ghana. It is required of teachers to
teach pupils algebraic concepts such as forming expressions, performing
operations on them, simplifying, factorizing, solving and graphing of linear
equations involving binomials and fractions, inequalities, and performing
change of subjects are emphasized. These concepts are taught from the junior
high school level and continue into senior high school as a core aspect of
mathematics (Ministry of Education, 2020). Indicator B7.2.2.1.1 of the
curriculum requires that pupils at the junior high level be able to form algebraic
expressions from mathematical and real-life contexts upon completing the
strand, algebra with its sub-strand, algebraic expressions (Ministry of
Education, 2020, p. 53). Similarly, upon completing sub-strand 3 (equations and
inequalities) of the same strand, pupils should be able to translate word
problems to linear equations in one variable and solve them using different
approaches and activities (Ministry of Education, 2020, pp. 58-62). This
knowledge of algebra is built upon in senior high school.

Despite the relevance of algebra to school mathematics, students struggle
with it, citing it as very challenging (Jupri & Drijvers, 2016). Difficulties related
to its multiple meanings of letters and variables, logic, translation to and from
arithmetic forms have been reported. Specifically, word problems have been
cited as very problematic among the aspects of algebra by researchers (Baidoo
& Ali, 2023; James & Adewale, 2015). These challenges have resulted in many
errors being committed by students in their quest to overcome the difficulties
with algebra, especially algebraic word problems (Sarimanoglu, 2019).
Misconceptions are found in four parts of algebra, namely variables, algebraic
expressions, algebraic equations, and story problems as reported by
Egodawatte (2011). For instance, Chow and Treagust, (2013) report how
students misconceive the plus (+) sign as the usual summation leading, to such
errors as simplifying 3x + 4 as 7x and 4 + 3x2 as 7x2 . Similarly, Al-Rababaha,
Yew and Meng (2020) found errors where students simplified expressions such
as (m + n)2asm2 + n2, 2(x = 5) as 2x - 5, 3y + 2 as 5y and 3a + 2y as 5ay. In
explaining the possible causes of such errors, Herutomo & Saputro (2014) argue
that students sometimes try to apply the procedures used in solving arithmetic
problems to the solving algebraic problems.

In the context of Effutu, one of the municipalities in the Central Region of
Ghana, statistics from the Examination Unit of the Effutu branch of the Ghana
Education Service reveal that the pass rate for BECE performance from 2013 to
2018 is peaked at 54.2%. Pass rate for mathematics is also peaked at 40.5%,
suggesting that junior high school pupils in the municipality consistently
struggled with mathematics. In algebra, a study by Mills and Mireku (2016) in
the Effutu Municipality found poor knowledge and a high difficulty in algebra
and its related concepts among junior high school pupils, which could explain
their inability to meet the national minimum standards set by the 2012
mathematics syllabus. In a recent study by Baidoo and Ali (2023), JHS pupils in
Effutu were found to have serious difficulties when it comes to solving

220



Asian Journal of Natural Sciences (AINS)
Vol. 3, No.4. 2024: 219-232

algebraic word problems involving two context; real life and mathematical.
Findings by Baidoo and Ali indicated that these lacked conceptual
understanding of expressions involving algebra and this was more pronounced
in tasks involving real-life context. Recognizing the importance of algebra in
school mathematics and everyday life, the government and educators in Ghana
have implemented policies to make the teaching and learning mathematics with
algebra being a key aspect, more enjoyable and practical. As such the spotlight
has been on literacy, numeracy, and technology as key features of the
curriculum reforms (Anku, 2018).

Despite these efforts, algebraic learning in Ghana, specifically in the Effutu
Municipality, has not been optimal. Several studies have been conducted on the
errors made by pupils in algebra, particularly in senior high schools and other
municipalities (Adu et al., 2015; Tuffour, 2015; Adu et al., 2017; Nashiru, 2018;
Ibrahim & Yaw, 2019; Nashiru, 2018). However, these studies have only focused
on the challenges faced by senior high school students and pre-service teachers.
Moreover, studies examining the challenges faced by junior high school pupils
in solving algebraic word problems are limited (Aforklenu, 2013). Considering
the inclusion of algebraic word problems in the new mathematics curriculum
for junior high schools, coupled with the wakeup call by NaCCA for a more
realistic mathematics education aimed at fostering student innovation,
creativity and problem-solving skills (NaCCA, 2019), there is a need for more
studies in this area. Though a recent related study was conducted by Baidoo
and Ali (2023), the researchers failed to come out clearly what the pupils” flaws
were. Baidoo and Ali merely gave an analytical and statistical prove of the
problem without pointing out from the pupils” scripts what errors flawed their
performance and what could have been done instead. We argue that as much as
Baidoo and Ali aimed to assess the pupils’ ability in algebra, it was not enough
to just report those abilities numerically. Instead, they should have pointed out
what went wrong and what should have been done to enhance their
performance in solving algebraic tasks. Again, the use of survey design limited
their study in the sense that they could not explore further from the scripts
what went wrong to gain a deeper understanding of the numerical data
gathered.

Therefore, this current study aimed to bridge these research gaps in the
earlier studies by exploring the flaws in reasoning exhibited by Ghanaian Junior
High School pupils when solving algebraic word problems. It is hoped that a
study of this nature will contribute to literature and enlighten teachers, policy
makers about the strengths and weaknesses junior high school pupils in solving
algebraic word problems, and what could be done in shaping the learning of
this important aspect of mathematics. Specifically, the study sought an answer
to the the research question, What types of flaws are evident in the reasoning
pattern of Ghanaian junior high school pupils when solving algebraic word
problems?.
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LITERATURE REVIEW

Solving algebraic word problems can be cognitively demanding. The
students need to translate the words into mathematical forms, devise a plan,
apply them to solve, and finally, reflect on their final answers. These are stages
of problem-solving as proposed by Polya (1945). However, since this study
sought to examine the types of flaws in the reasoning pattern of pupils in
solving these problems, the cognitive Load Theory deemed appropriate. The
theory was used to understand how the mental effort used by students
accounted for their errors and performance in algebraic word problems. The
CLT was propounded by John Sweller in collaboration with Paul Ayres and
Slava Kalyuga in the late 1980s. Three key issues are raised in the theory;
Intrinsic Cognitive Load, Extraneous Cognitive Load, and Germane Cognitive
Load.

The Intrinsic Cognitive Load (ICL) describes the complexity of the
algebraic word problem given. Such a task involves multiple stages of finding
unknown variables using different operations. Hence, the analysis of the errors
helps to identify which of these stages posed the higher intrinsic cognitive load
for the students.

The Extraneous Cognitive Load (ECL) talks about the aspect of word
problem which are found in the presentation of the word problems, which also
pose another cognitive load for students. This means the wording, structure,
and correctness of the problem is also a problem on its own for students. Hence,
by analyzing their errors, the researcher can understand the aspects like
ambiguous phrasing, complex sentence structures, or inadequate information
that contributed to the extraneous cognitive load of the students.

Lastly, the Germane Cognitive Load refers to the cognitive load brought
by the efforts to devise an appropriate problem-solving strategy and procure to
resolve the algebraic word problem. Using error analysis helped the researcher
to identify the strategies students employ or the prior knowledge of algebra
they fail to activate in solving algebraic word problems.

Hence by using the cognitive load theory, the researcher did not only gain
insight into the knowledge of students for problem solving but also the specific
cognitive processes that afforded or constrained their solving of algebraic word
problems.

METHODOLOGY

This study followed a qualitative research approach using case study as its
design. Yin (2017) argued that a case study is particularly appropriate when the
researcher seeks to understand a phenomenon within its real-life context. The
case study approach was chosen to gain an in-depth understanding of the
thought processes and reasoning errors exhibited by the pupils junior High
School pupils in solving algebraic word problems. In this study, the “case” was
a group of 24 pupils, purposively sampled from a single Junior High School in
the Effutu Municipality, whose reasoning patterns, and problem-solving
approaches were examined in depth. This particular area was chosen based on
tindings by Baidoo and Ali (2023), who reported that many JHS pupils in the
area struggle with algebraic word problems. The pupils selected for the study
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were those who attained a below average score range of 0 to 7 out of a total
score of 15.

In fishing out the types of reasoning flaws, a teacher-made diagnostic test
was used. The diagnostic test consisted of ten algebraic word problems aligned
with the 2020 Ghana Education Service (GES) mathematics curriculum and Aki-
Ola Mathematics Textbooks, a widely used GES-recommended textbook
(Asiedu, 2017). The test was designed to reveal common reasoning flaws in
pupils” solving of algebraic word problems. It was administered in a classroom
setting under the supervision of the mathematics teacher and lasted 30 minutes.
Following the test, pupils” scripts were analysed to identify recurring reasoning
flaws such as misinterpretation of word problems, incorrect translation of
statements into algebraic expressions, and inappropriate use of operations. The
test instrument was reviewed by two experienced mathematics teachers and
pre-tested in a nearby school. The analysis of Cronbach’s alpha yielded a value
of 0.78, indicating an acceptable level of reliability as suggested by Taber (2018).

RESEARCH RESULT
Research Question: What types of flaws are evident in the reasoning pattern of
Ghanaian junior high school pupils when solving algebraic word problems?

In order to identify the prevalent errors, the study utilized the first three
stages of Mulhern’s (1989) error analysis procedure as cited by Seng (2010). This
involved an analysis of specific types of errors, and the analysis of the error
pattern. During the error analysis procedure, the researcher provided a detailed
description of the various errors committed with its trending pattern and the
possible flawed reasoning behind such errors. The discussion was done by
categorizing the errors into the seven (7) themes identified. Among these errors
are discussed below;

Theme 1: Variables and Constant Errors
1. Confusion over constant and variable
One common error identified was that JHS pupils could not identify

which aspect of the algebraic word problem translate into the variable (missing
letter) or the constant (number that remains at a fixed value throughout). Many
of the pupils (23 out of 24) incorrectly identified the unknow quantity and the
stated quantity in the word problem. For instance, when asked to write an
expression for ‘five less than a number’ they gave expressions such as ‘5-r’
instead of ‘r - 5’. Evidence is shown below;

5 less than a certain number — .., g'r

2 more than 5 times a certain number —» 2.)(&(* =

§ times a certain number is subtracted from 5 and the result is

multiplied by 2........... CK XQ& - "\{Q A 'l\

(.
L '*‘r"\.-.(“: aQ

Figure 1. Confusion over constant and variable.
2. Reversed order of subtraction operation

Another error identified was inability to write subtraction tasks in the
order as presented in the word problems. It was revealed that majority of pupils
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(19 out of 24) end up reversing the order in which the subtraction is to be
written. For instance, when asked to subtract a variable from a constant, they
end up subtracting the number from the constant instead affecting their final
answer. An example is ‘five less than a number’ they gave expressions such as
‘5-x" instead of “x - 5. Evidence is shown below;

10 more thap g qumber — .....L >0 ...
5 less than a certain number — .. A........ 5% ...

2 more than 5 times a certain number — ... L..&..7 ..

8 times a certain number is subtracted from 5 and the result is
multiplied by 2..... gXﬂ* "( ML 0

Figure 2. Reversed order of subtraction operation

Theme 2: Multiplication and Exponentiation error
1. Confusion between multiplication and exponentiation
Differentiating between multiplication and exponentiation was a greater
challenge. The majority of pupils (16 out of 24) interpreted a square as
multiplied by. They could not tell what a square meant and equated it to
multiplication. For instance, when asked about a square of a number, the pupil
wrote it as “2x” instead of x2. Similarly, when asked to write ‘twice a number’,
pupils wrote it as x2 instead of 2x". Evidence is shown below;

2atio=tl Aot

Figure 3. Confusion between multiplicatin and exponentation.

Theme 3: PEDMAS/BODMAS Error
1. Misapplication of PEDMAS/BODMAS principles

Another common error had to do with applying the rules of BODMAS
(Bracket, Of, Division, Multiplication, Addition, and Subtraction) or PEMDAS
(Parentheses, Exponents, Multiplication and Division, and Addition and
Subtraction) in solving algebraic word problems that involved more than one
different operational signs (+, -, X, ). Most pupils (21 out of 24) when asked to
write an expression for ‘2 more than 5 times a number” wrote it as “2 + 5 x x.”
yet simplified it as “7 X x resulting in their final answer as ‘7x" instead of 2 + 5x.

Theme 4: Grouping of Like Terms Errors
1. Summation of constants and variables
The misapplication of the principles of BODMAS or PEMDAS resulted in
another common error where pupils (20 out of 24) applied the procedures used
in solving arithmetic problems to solving algebraic problems These pupils
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added the variable to the constant resulting in a single quantity. For instance,
when simplifying “x + 10" ended up with “10x’. similarly, pupils simplified the
expression, ‘x +x + y + y’ as 2x + 2y resulting in ‘4xy’ which is incorrect.
Evidence is shown below; )

The square of a number plus ten is 91—

Solve: o~ J D=5/

(P = c(:

2] jo

\ / {
hankvouﬁl (o

Find the perimeter of a rectangle which is x metres long and y

metres wide? €. 1.3¢. \Vj}j;zx b z‘j @
A/

-

Figure 4. Error of summation of constant and variable.

Theme 5: Simplification Errors
1. Computational error
Pupils also miscalculated or carelessly performed computations on
numbers leading to wrong solutions. This error was identified among 15 out of
24 of the pupils. Similarly, others introduced values that were not initially
mentioned in the question. For instance, when solving the equations, ‘10 + 2x =
40’, the pupil did; “10 + 2x = 40" then “2x = 40 -10" and “x = 30/2". However, this
was carelessly simplified as ‘x = 20 instead of ‘x = 15’. Evidence is shown
below;

\ The sum of twice a number and § is 21— oL {5 =/
Solve:
22 4+ 5 =2 o
Q2 29—5 . Co~e VBT
1/_-,1, = =2 = 2
ﬁ!— . 21_.~__-...‘ ae MM L0 A0 . % Q\'

Figur»eA 5. Computational errors.

2. Disregard for negative integers
The study also found that most pupils (20 out of 24) did not have any
reverence for negative signs in the solving of algebraic word problems. As a
result, answers that were supposed to be negated were ignored and viewed as
same. For instance, a pupil solved: x + 10 = 91 as x = 10 -91 (incorrect order) and

tinally simplified it as “x = 81 (incorrect answer). Evidence is shown below;
& Baba and Tetteh were given GHg300.00 to share. Terieh had

GH¢34.00 more than Babe. If Baba's share is &, wrise an

expression for the problem. — ..o ninrin

save: 3LY QO AL — Gk ¢ 300 - 60

W = 16060
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3. 2 more than 5 times a certain number —

Figure 6. Disregard for negative integers

3. Sharing as Subtraction
This error was peculiar to all (24 out of 24) pupils who attempted the
question that read ‘Baba and Tetteh were given GH¢300.00 to share. Tetteh had
GH¢34.00 more than Baba. If Baba’s share is x, write an expression for the problem.
Attempting to write an expression for the problem, 15 pupils simply used their
knowledge of subtraction to simply take away one person’s share from the total
without considering how much more the other person had than others in the
total share. For instance, pupils simply wrote the answer as ‘If Baba’s share is x,
then Tetteh’s share will be 300 - x. Again, when asked to write ‘an expression
for “x apples shared by four people, pupils interpreted it as simply taking away
from the quantity given and expressed it as “x - 4”. Evidence is shown below;
Baba and Tetteh were given GH¢300.00 1o share. Teteh had
GH¢34.00 more than Baba_ If Baba's share i3 x, write an

expression for the problem. <+ ... ..ccorviniiinrinrnnn

sobve: Boabo!s Shore. DO —O
= Abb

Booke's Elere TS CHE b b0

Baba and Tetteh were g-l-vEn GHg300.00 to share. Tetteh had ‘
GHg34.00 more than Baba. If Baba's share is x, write an

axpression forthe problem. == ... ... l
e G 3400 + X = GW] 300700

S = (nd 30060 — i1 0O -’-255'°°“T1
X
x zahg 266100 . |

Figure 7. Sharing as Subtraction Error.

Theme 6: Misapplication of Algebraic Rules
1. Conceptualization over expression/equations.

Another aspect of the errors that caught the researcher’s attention was
that the majority of the pupils had a way to figure the answer out through they
could not express them mathematically. Could we consider this as a deficiency?
The researcher believes everything works according to set rules and guidelines
hence mathematics is no exception. The algorithm justifies pupils’ answers and
helps to know their thinking. In the context of this study, it was surprising to
note that 16 of the pupils were able to find the correct answers for missing
variables without setting up any expressions or equations for the word problem
given. For instance, most pupils solved the ‘sum of twice a number and 5 is 21’
as ‘8+8+5 = 21’. Though they could not derive the expression, they practically
knew it was twice of 8 added to 5 which gives 21.
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The sum of twice a number and 5 is21— ..

Solve:

$4g+$ 2"
R

and

When 10 is added to a number and the result is multiplied by 2,

Solve:
/\ O+|D)-< o B~ 40

Figure 8. Reversed order of subtraction operation.

2. Ambiguity between expression/equations and inequalities

It was found that most pupils (20 out of 24) could not tell whether the
word problem was an expression or equation through the questions were sub-
headed accordingly. Through test items specifically stated that “form (write)
algebraic expressions or linear equations for these word problems” yet pupils ended
up writing them using inequality operational sign (<,>). For instance, in writing
algebraic expression for “10 more than a number, the pupils wrote it as “10 > x,
which can be interpreted as ‘10 is greater than a number’. Similarly, “five less
than a number” was written as “5 < x”. it could be seen that most of the pupil
were still applied the interpretations of inequalities hen solving equation and
expressions on linear equations. Evidence is shown below;

10 more than a number — \.DLT-)L .......

Figure 9. Algebraic expressions as inequalities error.

3. Confusion with inequality signs (> or <)

Aside misinterpreting algebraic expressions and equations as
inequalities, 18 pupils also had challenges using the inequality signs correctly.
The symbol > is mostly interpreted as ‘greater than” while < is viewed as ‘less
than’. However, the researcher believes context matter here. Depending on the
context in which they are being used, in line with the direction of the sign with
respect to the quantities being compared, a suitable interpretation is given. The
study found that even at the junior level, pupils still get confused as to which
sign is ‘less than’ or “greater than’. In their workings, it was realized that where
they interpretated the question as demanding ‘less than’ they ended up using
greater than symbols instead and vice versa. Evidence is shown below;
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. 10 more than a number — ¥

+ 5 less than a certain number —

.....

Figure 10. Confusion over Eequali’éy signs.

Theme 7: Misinterpretation of algebraic phrases and sentences

1.

Misunderstanding of phrases
Various phrases and clauses in the algebraic word problem were

misinterpreted by most pupils (21 out of 24). Among these were;

a.

“More than” as “multiplication”. For instance, when asked to write “2
more than a number plus 5”, they wrote is as “x x 2 +5” which
mathematically means “twice a number and 5”

b. The term, “Multiplied” is interpreted as “plus”

N

2.

The term, “is/gives” is interpreted as “greater than”

The process of “Adding two variables” is interpreted as their product.
Example x + y = xy!

The term, “Square of a number” is interpreted as square root. Example,
‘Mathematical interpreter’; where the pupils re-write the same word
problem but replaces the mathematics keywords in the problem with its

appropriate mathematical terms.
. Peter is 7 yecars older than his brother. His brother s age isx =na

the sum of their ages is 63. — ....... (? ............................
TIX =63
7f9c= g‘fx 9
I. 10 more than a number —» IU {JU& Q.. \\H'\QGQ J

2. 5 less than a certain number — ... (S.. JUA{/QLKIC ﬂdp Y
3. 2 more than 5 times a certain number — \/ﬂd_&‘bm’ f/? (ﬁ[ %U}ﬂ[f

Figure 11. Misunderstood phrases.

Direct sentence order translation of word problem
The last of these errors involved pupils writing the algebraic expressions

and equations required using the grammatical order in which the terms in the
word problem are presented rather than focusing on the literary and logical
meaning embedded in the problem. For instance, in writing an equation for
“twice a number minus 22 is 48’, the solved as 2(x -22) = 48, expanded as 2x -44
= 48, simplified as 2x = 48+44 to 2x = 92, divided through by 2 to give the value
of x as 46, which is incorrect. This is because logically and mathematically, this
answer is not feasible since twice of 46 = 92 and 92-22 give 70, not satisfying the
equation where the left-hand side equals the right-hand side. Similarly, when
asked to write an equation for “twice a number plus 5 is 217, they wrote it as
2(x+5) =21. This Evidence is shown below;
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K The sum of twicea mdnberand Sis 21— o q

Solve: S;;_M'_—EL»J‘:S’I %W \\

: DM\\»-;a —~ Lt
B3 g.x :'> !' - .") :;’\ . \\i(k\“
C e Dy
Figure 12. Direct sentence translation error.
DISCUSSION

The study revealed that the reasoning pattern of Ghanaian junior high
school pupils in solving algebraic word problems is flawed by various errors,
stemming from both conceptual misunderstanding and procedural mistakes.
One of the most common issues identified is misunderstanding of variables and
constants. This issue, which leads to difficulties in setting up and solving
algebraic expressions, aligns with the findings of Rudyant et al. (2019) and Booth
et al. (2017), who stress that understanding variables is foundational to mastering
algebra. Similarly, Bush and Karp (2013) and Egodawatte (2011) highlight how
misconceptions about variables are common at the intermediate level and serve
as barriers to solving algebraic problems. In this study, pupils’ confusion
between variables and constants often resulted in incorrect representations of the
problems, making it difficult to progress to the solution.

Another significant flaw observed was the confusion between
multiplication and exponentiation. This was evident when pupils mixed up
operations, a challenge also noted in the BECE Chief Examiner’s reports (2011-
2018), which pointed out that pupils frequently fail to apply BODMAS (Brackets,
Orders, Division and Multiplication, Addition and Subtraction) correctly. Chow
and Treagust (2013) and Al-Rababaha et al. (2020) argue that a clear distinction
between multiplication and exponentiation should be emphasized in teaching.
The misapplication of BODMAS rules, especially in problems such as “sum of
twice a number and 5 is 21”7 further exacerbated errors. Lin et al. (2015) and
Rittle-Johnson and Schneider (2014) recommend that teachers encourage pupils
to justify each step in their problem-solving process, reinforcing the importance
of following the correct order of operations.

Additionally, the study identified frequent errors involving like terms.
Many pupils incorrectly combined terms such as 3x + 4, mistakenly treating it as
7x. This error reflects a tendency to treat algebraic expressions like arithmetic
operations, as noted by Herutomo and Saputro (2014), who observed that pupils
often fail to recognize that terms with different variables or powers cannot be
combined. Sarimanoglu (2019) similarly identified this misconception and
emphasized the need for explicit teaching on the rules for simplifying algebraic
expressions. The improper handling of like terms further contributes to confusion
and inaccurate solutions in algebraic word problems.

The study also uncovered simplification errors, particularly with the
distributive property. Pupils often misapplied this property, as seen when they
simplified expressions like 2(x — 5) incorrectly as 2x — 5 instead of the correct 2x —
10. Al-Rababaha et al. (2020) noted similar issues in their study, highlighting how
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pupils frequently make arithmetic errors during simplification. These errors
suggest a need for more focused instruction on simplification techniques and the
distributive property to avoid common mistakes.

Finally, a major flaw in pupils' reasoning was their misinterpretation of
algebraic phrases in word problems. Many pupils struggled to correctly translate
the words into algebraic expressions, which is critical for solving word problems.
Bush and Karp (2013) and Rittle-Johnson and Schneider (2014) emphasize the
importance of teaching pupils how to carefully read word problems, identify key
phrases, and use those to correctly formulate algebraic expressions. This
difficulty in interpretation can lead to significant errors, especially when pupils
overlook important details in the problem.

CONCLUSIONS AND RECOMMENDATIONS

It is worthy to note that the findings of this study have shown, based on
pupils written response, that the learning of algebra, specifically algebraic word
problems among Junior High School Pupils in the Ghanaian context, is flawed by
many conceptual and procedural errors. To address this, it is important for
teachers in Effutu and beyond to expose pupils to more word problem tasks as
part of their daily assessment routines. They should also allow pupils to explain
the reasoning behind their answers when solving algebraic problems. Lastly,
teachers are encouraged to adopt error analysis as an instructional approach to
help their pupils identify and reflect on the flaws in their own thinking.

ADVANCED RESEARCH

This study used only pupils in basic eight from one school. Hence, it
would be more comprehensive if future studies consider using all the junior
high school pupils in the area.
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