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Abstract

Algebra uses letters and symbols in representing quantities to generalize Arithmetic. This forms
a foundation for students’ understanding of Mathematics. This study was designed to identify
students’ right conceptions and misconceptions of six basic Algebraic concepts in Mathematics.
The survey design was used to select 4332 students from 114 Senior Secondary Schools in Edo
State. Frequency counts and simple percentages were used to analyze data and answer the three
research questions. Results showed that students had high right conceptions in the concepts of
addition, subtraction and division of whole numbers. Furthermore, four significant
misconceptions were identified in Algebra. Conceptual change instructional strategies were
recommended as measures that would help teachers and text writers to identify and correct
students’ misconceptions in Algebra.
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Introduction

In recent years, some weaknesses of students in mathematics have been identified in the

area of Algebra. Algebra is generalized arithmetic – the use of letters and symbols to represent

quantities. It also includes the use of any method of calculation according to a set of established

rules to simplify expressions and find solutions to equations (Burton, 2003). Algebra (Algebraic

processes) is one of the themes of the 9-year Basic education curriculum (Federal Ministry of

Education, 2007a), and the junior and senior secondary school mathematics curricula (Federal

Ministry of Education, 1979, 2007b). In the West African Senior School Certificate

Examinations Chief Examiners’ Reports (WAEC, 2005), weaknesses of candidates were noticed

in Algebra in their inability to understand the instructions needed to solve and interpret algebraic

word problems, and inability to analyze the rule of Bracket off Division, Multiplication, Addition

and Subtraction (BODMAS) and its applications. Candidates’ weaknesses were traceable to lack
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of or shallow knowledge of basic concepts, principles and appropriate application of laws,

theories, and formulae in solving mathematics problem (WAEC, 2004; WAEC, 2007; Galadima

and Yusha’u, 2007). These reports and studies show that students, among others, lack

understanding of basic concepts in Algebra. The lack of understanding may be traceable to

students’ misconceptions of basic concepts in Algebra. The WAEC Examiners’ Report suggested

that attempt should be made to correct the wrong notion among students that mathematics is a

difficult subject through effective campaign. Such campaign could include encouraging

candidates to spend more time in solving problems in order to understand the various basic

principles and concepts and apply them appropriately in solving algebraic and other problems in

mathematics. Teaching should therefore be student centered with the use of modern techniques

and mathematics models. One of such teaching technique is the use of social constructivist

principles to elicit students’ conceptions and diagnose their misconceptions or misunderstanding

of basic mathematical concepts.

Learning from the social constructivist perspective is the process of students making

sense of the mathematical world they live based on their experience. There are two source of

knowledge for the individual student. One source is formal disciplined knowledge or school

knowledge or authoritative knowledge; the students receive primarily from the teacher and

textbooks. Second, is the knowledge the student acquires from interaction with the environment

(Cakir, 2008). According to Duit and Treagust (1998) learning is not viewed as transfer of

knowledge from the teacher to the learner, but the learner actively constructing or even creating

his or her knowledge on the basis of the knowledge already held. Therefore, learner

accomplishes understanding through the personal and social interaction that occurs within and

outside the classroom. These interactions may bring about some misconceptions that will lead to

students’ misunderstanding of basic concepts in Algebra and consequently low achievement in

mathematics.

Mathematics is a compulsory subject in Nigerian Primary and Secondary Schools.

Algebra being one of the subject matter areas and with students’ lack of understanding of some

basic concepts and principles identified, it was desirable to investigate the misconceptions of

students in Algebra. In this study, the conceptions of students of six basic Algebraic concepts

were investigated.
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Purpose of the Study

The study was designed to reveal students’ right conceptions and misconceptions about

some Algebraic concepts.

Research Questions

The following questions were raised to guide the study:

1. What percentage of students holds the right conceptions of the Algebraic concepts under

study?

2. What are the misconceptions held by students in Algebra?

3. What are the significant percentage differences between right answers and right

conceptions?

Research Method

The survey design was employed in this study. A total of 4332 subjects were selected

from 114 schools across Edo State. A two-tier multiple choice diagnostic instrument was

constructed to elicit students’ conceptions of six basic concepts in Algebra. Items in each

instrument were constructed to identify students’ right conceptions, misconceptions. Each item

on the instrument consisted of two parts: answer and reason. An example of item found in the

instrument is given below:

Question:

What is the value of 0 x 10?

A. 100 B. 10 C. 0

Reason:

1. Add 0 to itself 10 times.

2. Put 0 in front of 10.

3. There are 10 zeros.

The instrument was validated for relevance and accuracy by experts in mathematics and

test, measurement and evaluation. The instrument has thirty items measuring thirty basic

concepts in the five mathematics areas of Number and Numeration, Algebra, Measurement,

Geometry and Statistics. Six out of these thirty items measured six concepts in Algebra. The

reliability coefficients of the instrument were 0.76, 0.70 and 0.85 for answers, reasons and right
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conceptions respectively, using the Kuder-Richardson Formular 20 (Thordike & Hagen, 1977).

The test instrument was administered on 4332 students in all the 18 Local Government Areas of

Edo State across public and private, and urban and rural schools.

Procedure for Data Analysis

A right conception means having the right answer and providing the correct reason. A

misconception connotes – having a wrong answer and a wrong reason, or having a right answer

and a wrong reason, or having wrong answer and right reason. Therefore, a misconceptions leads

to a wrong answer or wrong conception

A response to an item was considered wrong and scored 0 if the subject gave the right

answer and wrong reason; or the subject gave a wrong answer and a wrong reason. This will lead

to a misconception. However, a response to an item was scored I if the subject gave a right

answer and a right reason. This will elicit from the subject right conception. All the points were

added up to give a total score ranging from 0 to 6. Thereafter, simple percentages were

calculated for the number of subjects with right conception and misconception.

Results

The summaries of results are presented in tables.

Research Question One: What percentage of students holds the right conceptions of the
Algebraic concepts understudy?
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Table 1: Percentage of Students Selecting each Response Combination for each of the Items (n=4332)
Item Content

Content
option

(Answer)

Reason               Option

No Reason Reason
1

Reason
2

Reason
3

Total

1 Addition of whole

Numbers

No answer

A

B

C

0.9

1.1

0.4

0.5

0.7

1.9

1.6

1.6

1.8

84.3*

2.3

0.6

0.2

0.6

0.3

1.3

3.5

87.9

4.6

4.0

2 Subtraction No answer

A

B

C

2.8

0.9

0.8

0.9

2.6

3.3

1.4

60.2*

2.4

15.8

1.3

1.8

0.9

2.0

1.8

1.2

8.7

22.0

5.3

64.0

3 Division of whole

Number

No answer

A

B

C

0.6

0.3

1.8

0.0

0.3

1.6

84.9*

0.2

0.1

0.7

2.0

0.9

0.1

2.0

4.0

0.4

1.1

4.6

92.8

1.5

4 Zero No answer

A

B

C

1.0

0.5

0.7

3.5

0.6

2.4

4.4

48.9*

0.2

1.9

2.3

7.6

0.3

1.5

2.2

22.0

2.0

6.2

9.7

82.0

5

Division by

Fraction

No answer

A

B

C

4.9

2.2

0.9

1.3

0.4

3.5

6.9

4.9

0.8

4.5

8.2

20.4

1.0

33.5*

2.5

4.1

7.1

43.7

18.5

30.7

6 Addition of

Fractions

No answer

A

B

C

2.4

0.9

1.8

0.8

0.7

1.9

1.6

28.5*

0.6

2.5

44.5

2.6

0.5

7.1

1.8

1.7

4.2

12.4

49.8

33.6

* Percentage of students with right conceptions

- Percentage of students with significant misconceptions/alternative conceptions

Table 1 reveals that students hold right conceptions in all the items with the percentage

varying from one item to the other. The percentage of students with right conceptions were

84.3%, 60.2%, 84.9%, 48.9%, 33.5%, and 28.5% for addition, subtraction, division,

multiplication by 0, division by fraction and addition of fractions respectively.
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Table 2: A Summary of Right Conceptions in Algebra.
Item Concept Students

with Right

Conception

(%)

Right Conception

Right Answer Right Reason

1 Addition of whole

numbers

84.3 The diagram is a representation of

addition of whole numbers (A)

Addition operation: 5+2 = 7 (2)

2 Subtraction of whole

numbers.

60.2 The number line shows subtraction of

two whole numbers (C)

Subtraction: 7-3= 4 (1)

3 Division of whole

numbers

84.9 30÷5 = 6  (B) There are 6 fives in 30 (1)

4 Zero as multiplicand. 48.9 0 x 10 = 0 (C) Add 0 to itself 10 times (1)

5 Division by fraction 33.5

3÷
4

1
=12 (A)

There are 12 quarters in 3 (3)

6 Addition of fractions 28.5

The value of
4

1

2

1
 4

3 (C)

4

1

4

2

4

1

2

1
 (1)

A right conception was considered high if found in at least 50% of the subjects (Idehen,

2011). Otherwise, a score less than 50% is considered as low right conception. Table 2 shows

that 3 of the 6 items have more than 50% of the students with high right conceptions. Therefore,

students have high right conceptions in the concepts of addition, subtraction and division of

whole numbers.

Research Question Two: What are the misconceptions held by students in Algebra?

In an attempt to answer research question two, significant misconceptions were extracted

from Table 1 and presented in Table 3.
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Table 3: A Summary of Significant Misconceptions in Algebra

* Significant misconception

Misconceptions are considered significant and common if they were found in at least

10% of the subjects sampled. Table 3 reveals that students hold four significant misconceptions

in the concepts of subtraction operation (15.8%), zero as multiplicand (22.0%), division of whole

numbers by fraction (20.4%) and addition of fraction (44.5%). Students had no significant

misconception in the concepts of addition of whole numbers and division of whole numbers by

fractions.

Research Question Three: What are the significant percentage differences between right
answers and right conceptions?

The number of students with right answers and right conceptions were computed to find

the percentage difference between right answers and right conceptions. Table 4 is a summary of

the results of the data analysis.

Item Concept % Significant misconceptions
Answers Reasons

1 Addition of whole
numbers

2.3 Using number line to perform addition of
two whole numbers is multiplication
operation (B)

5 + 2 = 7 (2)

2 Subtraction
operation

15.8*

Using number line to perform subtraction of
two whole numbers is addition operation
(A)

4+3 = 7 (2)

3 Division of whole
numbers

4.0 Find the value of 30 ÷ 5 is 6 (B) 5 is repeatedly subtracted from 5
(3).

4 Zero as
multiplicand.

22.0* 0 x 10 = 0 (C) There are 10 zeros (3)

5 Division of whole
numbers by
fraction.

20.4*

8.2

3÷
4

3

4

1
 (C)

3 ÷ = 1.33 (B)

3 divided by 4 (2)

4 divided by 3 (2)

6 Addition of
fractions

44.5*

7.1 12 + 14 = 18 ( )


4

1

2

1
6

2 (B)

1 12 2 (3)
42

11




(2)
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Table 4: Percentage of Students with Right Answers and Right Conceptions (n=4332).
Concept Right answers Right conceptions Percentage

Differences
(P1 – P2)Number Percentage

(P1)
Number Percentage

(P2)
Addition of whole numbers 3772 87.07 3665 84.60 2.47
Subtraction of whole numbers 2770 63.94 2623 60.55 3.39
Division of whole numbers 4017 92.73 3691 85.20 7.53
Zero as multiplicand 3541 81.74 2134 49.26 32.48*
Division by fractions 1881 43.42 1464 33.80 9.62
Addition of fractions 1449 33.45 1248 28.81 4.64

* Significant percentage difference (>10%)

In Table 4, the results of the analysis show that positive differences exist between right

answer and right conception. If percentage difference equals zero, then, the same number of

students who got the answers right also gave the right reasons to arrive at the right conceptions.

In this analysis, fewer students who gave the right answers gave the right reasons. Hence, the

percentage of students with right conceptions is less than those with right answers in each item.

However, the result is only significant in the conception of zero as multiplicand. Thus, all

students who had right answers did not all have right conception of each of the Algebraic

concepts examined.

Discussion

Right conceptions and misconceptions were discovered in the six algebraic concepts

examined.

Right Conceptions

At least 50 percent of the students have right conceptions in 3 items: addition, subtraction

and division of whole numbers. Therefore, less than 50% of the students have right conceptions

in the concepts of zero as multiplicand, division by fraction and addition of fractions. Ogomaka

(1988) supported high performance of primary school pupils in addition and subtraction of whole

numbers but low performance in division by fractions. High or low performance here means

having high percentage score in solving for answers only without necessarily testing for the

reasons for such answers. Pupils’ high or low performance in primary mathematics by

implication might have led to high or low conceptions of these algebraic concepts in secondary

school mathematics.
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Misconceptions

The misconception from the operation of subtraction of whole numbers as addition of

two whole numbers is an error. It might have emanated from students chanting the slogan

“minus, minus equals to plus” in the simplification of directed number and the number line

(Obodo, 2004, Nurudeen, 2007). The reasoning by students that the value of 3 ÷ ¼ = 4/3 must

have resulted from their thinking that 3¼ means, first 3/1 = 3 and therefore “3¼=3/4”

(Misconceptions in Mathematics Resources, 2000). This misconception must have resulted from

students thinking that if a divisor is a fraction with numerator 1, divide the dividend by the

denominator of the divisor. The conception that when adding two fractions add the numerator of

one to that of the other and add the denominator of one to the denominator of the other, must

have resulted from the beliefs by students that the numerators and denominators of fractions are

separate whole numbers (Misconception in Mathematics Resources, 2000). Students failed to

make use of the equivalent fractions or finding the LCM of the denominators.

The misconception that 0 x 10 means there are ten zeros must have resulted from

students’ thinking that “0” means “nothing” instead of empty (National Teachers’ Institute, 2009,

Lassa and Paling, 1983). The thinking is that the number “0” has no value, and therefore, 0 x 10

means 10 “nothing”. This wrong conception leads to the right answer, 0, but it is based on wrong

reasoning. The right conception is 0 has value, for 0 added to itself 10 times give 0.

Summary

In conclusion, the right conceptions, significant misconceptions are as follows:

a. Right conceptions

i. The diagram is a representation of the addition of whole numbers, for 5+2=7.

ii. The number line shows subtraction of two whole numbers, for 7-3=4.

iii. 30 ÷ 6=5 means there are 6 fives in 30.

iv. 0 x 10 = 0 means add 0 to itself 10 times.

v. 3 ÷ ¼ = 12 means there are 12 quarters in 3.

vi. The value of ½ + ¼ = ¾ means 2/4 + ¼ = 2+1/4 = ¾.

b. Significant Misconceptions

i. Using number line to perform the operation of subtraction of two whole numbers

connotes addition.
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ii. “3 ÷ ¼ = ¾”, means dividing the whole number by the denominator of the

fraction when the numerator of the divisor is 1.

iii. ½ + ¼ = 2/6, means ½ + ¼ = 1+1/2+4 (when adding fractions, add numerator to

numerator and denominator to denominator).

iv. 0 x 10 = 0, means there are 10 zeros (10 “nothing” equals “nothing”). That is, the

number 0 has no value.

Recommendations

Misconceptions affect students understanding of mathematics and consequently their

mathematics achievement. It is therefore recommended that:

1. It is necessary for the Nigeria Educational Research and Development Council (NERDC)

to develop curricula for primary and secondary schools that with take into account the

manner in which changes in students conceptions of mathematics occur. Classroom

teachers would thereafter develop strategies for conceptual change instruction in

mathematics (Posner, Strike, Hewson and Getzog, 1983 as cited in Hewson, Beeth and

Thorley, 1998). The conceptual change approach has it that learning has to start from

certain already existing conceptions and learning pathways have to be designed so that

they lead from their preconceptions towards the right mathematics conceptions to be

learned (Duit and Treagust, 1998).

2. Teachers and textbook writers are to recognize existing conceptions/misconceptions in

Algebra and build on them during mathematics instruction.

3. There is also the need for Federal and State Ministries of Education, Local Government

Education Authorities and teacher educators to take measures that can help teachers to

examine and identify their misconceptions and on how to replace them or develop them

into accepted mathematics knowledge. These measures can include training and

retraining of mathematics teachers, and organizing workshops and seminars for

practicing teachers where identified misconceptions are listed and discussed, and

strategies on how to correct them in students’ are agreed upon.
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