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Abstract: This study investigated Pre-Service Teachers’ mastery level, achievements differences, and correlation of their
procedural knowledge and conceptual knowledge of rational numbers. The population of the study was four hundred and
twenty-nine (429) level 100 Pre-Service Teachers of Evangelical Presbyterian College of Education, Bimbilla. Descriptive
research design was used, where both convenient and purposive sampling techniques were employed to select a sample of 75.
Out of the sample, 11 were females and 64 males representing 14.67% and 85.33% respectively. The instrument used was test
items on conceptual and procedural knowledge on rational numbers designed by the researcher. The researcher used
descriptive and inferential statistics to analyze the quantitative data, so as to answer the four research questions. The findings
of the study indicated that the Pre-Service Teachers’ conceptual knowledge and procedural knowledge mastery levels were at
average-low and high—average levels respectively. Also, there was a significant difference between conceptual and procedural
knowledge in rational numbers in favor of procedural knowledge with very high effect size. There was a weak positive
correlation and no significant relationship between the Pre-Service Teachers’ conceptual knowledge and procedural knowledge
in rational numbers. The study recommended that College Tutors should be encouraged to adopt teaching methods and
strategies that focus more on conceptual knowledge in rational numbers. Also, College Tutors evaluation exercises or
assessment items should be balanced between conceptual knowledge and procedural knowledge because at the moment most
assessment items are based on procedural knowledge to the neglect of conceptual knowledge assessment.

Keywords: Conceptual Knowledge, Procedural Knowledge, Pre-service Teachers (PSTs), Rational Numbers

representations (Principle of multiple embodiment), (vi)
establishing connections between and among related
concepts, and (vii) using mathematical explorations,
transitioning from number patterns to algebraic ideas.
Teachers in Colleges of Education in Ghana prior to 2018
were teaching and assessing Mathematics Content and
Methodology separately but with the intervention of
Transforming Teacher Education and Learning (T-TEL),
Tutors are required to teach Mathematics Content and
Methodology together. The T-TEL intervention designed the
2018 new curriculum and ensured its implementation, also

These strategies include (i) discussions of concepts and placed more emp hasis on bo.t h coneep tuali an.d procedurgl
misconceptions (i) investigations to arive at knowledge teaching and learning. It is in this light that, this

S . - . study hinges on because rational number is taught in the first
generalizations, (iii) problem-solving strategies, (iv) .
. A . . . semester of level 100. For an effective classroom work,
collaborative activities (think-pair-share), (v) multiple

1. Introduction

The Ministry of Education (MOE) in 2019 entreated
teachers to ensure that students acquire mathematical
knowledge and understanding through investigations,
exploration, estimation, problem solving, project work and
seminar presentation which will yield conceptual knowledge
for students to be competent and skillful to solve problems
and task in mathematics. The Ghanaian current curriculum
2018 has provided strategies for teaching and learning of
Mathematics, that is fun and challenging for all grade levels.
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teaching and learning of rational numbers should promote
good understanding of both conceptual and procedural
knowledge because these body of knowledge are inseparable
or are intertwined. In recent times, teaching at the Colleges of
Education in Ghana has moved or shifted its attention
towards a balance between procedural knowledge and
conceptual knowledge understanding. This tallies with the
2018 new curriculum for all levels of the educational ladder
in Ghana. Mathematics knowledge of concepts and
procedures are signs of proficiency in the subject. The
mastery of subject matter knowledge is essential for a pre-
service teacher to be effective and competent in teaching the
subject. This is because the integration of the knowledge of
both concepts and procedures consists of subject matter
knowledge which is a prerequisite for teaching at the basic
school level in Ghana. According to [22], they posited there
is a bi-directional relation between conceptual and procedural
knowledge because they complement one another. Similarly,
[24] argued that some teachers find it difficult to distinguish
between conceptual and procedural knowledge because of
the similarities between them.

In most curriculum documents, a rational number is said to
be any number that can be expressed in the form a/b where a
and b are integers and b # 0 [19, 20]. The set of rational
numbers forms part of the real number system and includes
but is not limited to fractions and integers. Rational numbers
have their application in relative measurement of length,
mass, money, time and space [2, 29]. For instance, the
calculation of relative distances between places, relative
capacity of containers, interest rates on loans, savings and
mortgages are daily usage of rational number sense. Aside its
practical application, rational number sense enables further
understanding of higher concepts in the elementary number
system, algebra and analysis. Rational numbers are so
important that, they serve as a spring board or foundation
topic for algebra teaching and learning in Junior High
Schools, Senior High Schools and Tertiary levels courses or
subjects. In view of this, pre-tertiary mathematics curriculum
requires learners to be exposed to rational numbers in a
manner that extends their number sense and enable them to
solve related problems [19].

An in-depth conceptual knowledge of the integer domain
and fractions is a sign of proficiency in rational numbers
[29]. However, research and assessment reports have
highlighted various obstacles which relate to students,
preservice teachers and practicing teachers’ understanding of
integers and fractions and by extension rational numbers. For
example, students’ difficulty in transitioning from whole
numbers to the rational number field has been documented
[2, 20]. Also, over the years, college-level assessment reports
indicated that most preservice teachers have little
understanding of rational numbers [13]. This limited
understanding tends to affect their overall performance in
college-level mathematics and future teaching of rational
numbers. [2] argues that limited understanding of rational
numbers stems from conceptual and procedural imbalance
which needs to be addressed by teachers.

This study is important because it will reveal the actual
mastery levels of pre-service teachers in rational numbers

because College Tutors are always confused when reports of
pre-service teachers from the affiliate Universities indicates
that PSTs have problems solving rational number problems.
This study will also compare the PSTs performance in
conceptual or procedural knowledge questions, which will
inform teachers and stakeholders to find remedies to the
identified problems. This study will assist tutors to know the
relationship between conceptual and procedural knowledge
which will guide them in setting questions.

2. Literature Review

Conceptual knowledge also referred to as knowledge of
concepts, entails abstraction and generalization of particular
instances. Similarly, [23] explain conceptual knowledge as
the type of knowledge that offers an abstract comprehension
of the principles and relations among bits of knowledge in an
aspect. The definition of [23] corroborates the definition
given by [15], where he defined conceptual knowledge as,
“an abstract knowledge addressing the essence of
mathematical principles and relations among them”, (p. 182).
Equally, [6] opined that conceptual knowledge-rich in
relationships, can further be described as the basic
mathematics constructs and relations between the ideas that
exemplify = mathematical procedures and meaning.
Conceptual knowledge possessing goes beyond knowing or
recalling certain definitions from memory, mathematical
rules and procedures in mathematics. Preservice teachers
only demonstrate conceptual knowledge understanding if
they are able to defend why a mathematical statement is true
or false can tell where a mathematical rule emanates from.
Also, a person possesses conceptual knowledge if he/she is
able to explain why and how of the procedures which are
required for a logical and precise explanation of a
mathematical problem. Based on the review of literature on
conceptual knowledge in Mathematics, I will personally say
that conceptual knowledge is being able to provide
acceptable or admissible explanations to relationships among
the concepts, definitions, and rules of mathematics.

“Knowing how or knowledge of the steps required to attain
various goals” is knowledge of procedures, [22] p3. Also, [12]
assert that knowing procedures, rules and algorithms
essentially to solve mathematical problems reflects procedural
knowledge. Similarly [10] opined that procedural knowledge
in understanding mathematics is the knowledge that
emphasizes skills and sequential steps without obvious
reference to mathematical ideas. [15], cited [17] who explained
procedural knowledge as “the ability to explain or justify the
way one resolves a given problem without knowing the reason
behind applying a certain theory, process or law during
problem-solving process”, (p. 182). From the discussion on
Procedural knowledge reviews, I can conclude that, Procedural
knowledge is when you grasp into memory the rules,
procedures, principles, and definitions of mathematics, and be
able to recall them when required to solve mathematical
problems without necessarily comprehending them.

When [17] investigated teachers' knowledge of function
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concept, the outcome revealed that majority of the teachers
had mastered procedural knowledge better than conceptual
knowledge. His findings also concluded that the teachers’
achievements on questions that required procedural
knowledge were better than problems on conceptual
knowledge.

In another study conducted by [11] in which she used 170
mathematics subject teachers from Kota Bharu, Malaysia,
she reported that, 78.6% inexperienced teachers were at the
low mastery level while were 60.7% experienced teachers
achieved a high mastery level on conceptual knowledge. Her
study further indicated that inexperienced teachers possessed
procedural knowledge in mathematics and with a notion that
a good mathematics teacher is one who can display
systematic steps of a given calculation. Her finding also
tallies those of [6] and [27]. Also, she stressed further that the
inexperienced teachers are often regarded as those who use
procedural knowledge a lot, whereas experienced teachers
possess a combination of both procedural and conceptual
knowledge. Finally, her study concluded that experienced
teachers use a number of methods to assist their students to
understand concepts by using many activities demanding
students to participate in their own process of learning.

In a study conducted on procedural, conceptual and
pedagogical knowledge on rational numbers, [6] used 15 pre-
service teachers in the United States of America as the
participants. His study revealed that Pre-Service Teachers
displayed a high operation levels of procedural knowledge
and used common representations of rational numbers.
Nonetheless, the Pre-Service Teachers demonstrated only a
moderate to a high level of conceptual knowledge concerning
rational numbers. Faulkenberry study asserted that the
experienced Pre-Service Teachers encountered hitches in
expressing a rational number as a ratio and as part of a
region. The subjects also lacked the ability to explain the
procedures used in solving problems. Furthermore, the study
indicated that participants relied on procedures and
algorithms and could not give reasons to justify why and how
they applied to those methods. Similarly, [16] investigated
students of the University of Anatolia, Turkey in a calculus
course that focused on conceptual knowledge and procedural
knowledge which indicated that students do not have
sufficient comprehension of conceptual knowledge
concerning integration topics in calculus. Also, the findings
revealed that those students who did well on conceptual
knowledge invariably performed well in procedural
knowledge too.

Conceptual knowledge and procedural knowledge were
investigated in Malaysia by [29] with a sample of 105
teachers from selected teacher-training colleges on the
rational numbers. The findings showed that pre-service
teachers’ performance was above average level in conceptual
and procedural knowledge. Their study revealed that the
teachers had exhibited efficiency in fractions representation
as part of a set, a region, and a ratio. Furthermore, they
concluded that, the teachers also used their conceptual
knowledge in solving life fraction problems and are able to
draw one set when they are given a fraction representing a

part. In a more similar recent study by [14] entitled “the
conceptual and procedural knowledge of rational numbers in
primary school teachers” concluded that the primary school
mathematics teachers possessed a low level of conceptual
knowledge and high level of procedural knowledge when 54
mathematics teachers were used as the sample in Bauchi
Metropolis in Nigeria.

The findings in a study by [18] indicated statistically
significant variation between conceptual knowledge and
procedural knowledge which was in favor of latter when the
study was conducted at the University of Yarmouk on
undergraduate teachers. Their study concluded that the
undergraduate teachers did not achieve the level of
proficiency because their mean performance fell around
50% points from the test. In a similar study investigated by
[1] revealed that teachers in secondary schools achieved an
average degree of conceptual knowledge and are not able to
use the simple facts and relationships when they are
confronted with new situations. Also, a year later, [15]
study entitled “Conceptual and Procedural Knowledge of
Rational Numbers for Riyadh Elementary School
Teachers”, used 57 (27 novice Mathematics teachers and 30
experienced Mathematics teachers) as the sample which
indicated that participants scored an average mark on
conceptual and procedural knowledge with regards to
rational numbers. Furthermore, his study analysis revealed
that there was a statistically significant difference among
the subjects in mean scores of conceptual knowledge and
procedural knowledge. The students’ performance in
procedural knowledge test items was better than their
conceptual knowledge test items. Also, the study concluded
that there was no statistically significant relationship
between the participants’ conceptual knowledge and their
procedural knowledge in rational numbers. Finally, there
was a weak positive correlation between teachers’
conceptual knowledge and their procedural knowledge
concerning rational numbers achievements test.

In a research conducted by [5], examined the relationship
between students’ confidence in conceptual and procedural
knowledge problems and used 235 students as the sample
that completed an Introduction to Calculus course. The
instrument used was test measuring the students’ conceptual
knowledge and procedural knowledge of graphs. The
findings indicated that students did better in conceptual
knowledge than in procedural knowledge. Their study also
concluded that students had higher confidence in answering
conceptual problems than their confidence in answering
procedural problems. [28] whose study investigated Pre-
service elementary school teachers’ knowledge of fraction: a
mirror of students’ knowledge that used a sample of 290
found that, the PSTs scores in procedural knowledge were
significantly higher than their scores for conceptual
knowledge. Their study concluded that PSTs lack the ability
to explain the rationale of a procedure or the underlying
conceptual meaning.

In another study by [3], entitled generating procedural and
conceptual knowledge of fractions by preservice teachers
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with a sample of 109 and 114 for phase 1 and phase 2
respectively revealed that, PSTs who enter teacher education
programs have prerequisite procedural knowledge of
fractions and fraction operations but with limited conceptual
knowledge of concepts and operations. Also, [4] examined
that prospective teachers' content knowledge and pedagogical
content knowledge on rational numbers, the relationship
between content knowledge and pedagogical content
knowledge, and differences in content knowledge and
pedagogical content knowledge among prospective
elementary teachers and lower secondary teachers found that
there were gaps in prospective teachers' content knowledge
and pedagogical content knowledge, a positive correlation
between content knowledge and pedagogical content
knowledge, and a better content knowledge but not
pedagogical content knowledge for secondary compared to
elementary school teachers.

2.1. Statement of the Problem

Pre-Service Teachers learn College Mathematics through
their experiences and problems presented to them by their
tutors in their classrooms. According to [25], several studies
conducted on conceptual and procedural knowledge are
mostly on counting, single-digit and multi-digit addition and
subtraction of fractions. The following researchers [8, 9] and
[21] also affirmed that most studies concentrated on
conceptual and procedural knowledge of fractions. The
significance of rational numbers in teaching and learning of
mathematics is paramount in other aspect of mathematics
hence investigating the E. P. College of Education Pre-
Service Teachers’ conceptual and procedural knowledge of
rational numbers will add knowledge to existing literature.
Among the real number system sub- topics, teaching and
learning of Rational number is the most problematic in the
Colleges of Educations in Ghana. Also, it is evident that
students find rational numbers problems difficult which also
invariably make students dislike rational numbers hence lead
to misconceptions of the topic.

For a pre-service teacher to succeed in the teaching
profession and make his /her students develop positive
attitudes towards mathematics then such a PST must possess
both conceptual and procedural knowledge in mathematics
which also includes rational numbers. Notwithstanding the
Pre-Service Teachers’ grasp of procedural knowledge, they
equally need to attain an in-depth conceptual knowledge in
Mathematics so as to be able to handle their future basic
school pupils effectively. [26] and [16] have raised concerns
about teachers not having a good comprehension of
conceptual knowledge and procedural knowledge in
mathematics. Mathematics Pre-Service Teachers’ proficiency
in both concepts and skills are not the only sufficient
conditions for teacher’s effectiveness, but an essential
condition. Both conceptual knowledge and procedural
knowledge are key to the training of mathematics preservice
teachers in Ghana, without this Pre-Service Teachers cannot
teach basic school mathematics effectively. Regrettably,
some studies by [17] and [15] have revealed that students

performed poorly in mathematical tasks demanding
conceptual knowledge as compared to procedural knowledge.
In Ghana, specifically, there is dearth of knowledge regarding
PSTs rational number sense. Since rational numbers are the
building blocks for learning nearly every aspect of
mathematics, understanding PSTs rational number sense is
imperative for pedagogical decisions. The gaps identified
from the literature indicates that there are very few studies on
rational numbers regarding conceptual and procedural
knowledge in Africa as well as in Ghana, hence the
motivation of the researcher to investigate Pre-Service
Teachers’ conceptual and procedural knowledge on rational
numbers at E. P. College of Education, Bimbilla.

2.2. Purpose of the Study

The purpose of this study was to determine the mastery
level of Pre-Service Teachers of E. P. College of Education-
Bimbilla, on conceptual and procedural knowledge of
rational numbers. Also, the study sought to find out their
achievement differences in conceptual and procedural
knowledge of rational numbers. Finally, to determine the
correlation between their scores on procedural and
conceptual knowledge of rational numbers.

2.3. Research Questions

The study sought to answer the following four questions:

1. What is the level of Pre-Service Teachers’ conceptual
knowledge of rational numbers?

2. What is the level of Pre-Service Teachers’ procedural
knowledge of rational numbers?

3. Is there a significant difference between Pre-Service
Teachers’ conceptual knowledge and procedural
knowledge in rational numbers?

4. Is there a significant correlation between Pre-Service
Teachers’ conceptual knowledge and their procedural
knowledge regarding rational numbers?

2.4. Hypotheses

HO1: There is no significant difference between the mean
scores of pre-service teachers in conceptual and procedural
knowledge of rational numbers.

HO2: There is no significant relationship between the mean
scores of pre-service teachers in conceptual and procedural
knowledge of rational numbers.

3. Methodology

The study adopted a descriptive research design to explore
Pre-Service Teachers’ conceptual and procedural knowledge
in rational numbers with purely quantitative data collection
approach. The population was four hundred and twenty-nine
(429) level 100 Pre-Service Teachers of the College. Both
convenient and purposive sampling techniques were applied
to select a sample of 75 Pre-Service Teachers. Out of the
sample, 11 were females and 64 males representing 14.67%
and 85.33% respectively. The instrument used was
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conceptual and procedural knowledge test in rational
numbers. Only one item was adopted from [6] study while
the rest of the items were developed by the researcher
making a total of 20 questions, 10 each of conceptual
knowledge and procedural knowledge in rational numbers as
in appendix A. The test items composed of sub-topics, such
as the concept of a part of a set, order, fraction equivalence,
the concept of a set, processes on fractions, identification of
rational numbers, representing rational numbers on the
number line, finding reciprocal of rational numbers and real-
life application questions on rational numbers. The marking
scheme that was used was that of [6] where each item was
scored out of 4 marks depending on some benchmark’s
criterion. The responses were scored on a 5-point scale from
no answer (0) to correct answer and algorithm (4). The
overall total mark was 80. The minimum and maximum
scores to achieve from each item were 0 and 4 respectively.
To ensure the validity of the instrument two experts from the
researcher's department in the College and a senior lecturer in

University of Education, Winneba subjected the instrument
to both content and face validity. After a week it was cleared
for piloting. The pilot study was conducted among level 300
Pre-Service Teachers of one of the researcher’s College with
22 pre-service teachers. The results from the pilot test were
used to calculate the reliability coefficient using the split-half
method which resulted in 0.79 and 0.85 for conceptual
knowledge and procedural knowledge respectively, which
were good for administering and appropriate enough to
achieve the objectives of the main study. The subjects of the
study took the conceptual and procedural knowledge test
(CPKT) on rational numbers on 11™ and 12" December, 2019
respectively. The duration allocated for each test was 1 hour.
In analyzing the data, descriptive and inferential statistics
were applied in order to answer the four research questions.

To judge the extent to which the Pre-Service Teachers
master the levels of conceptual and procedural knowledge,
the following categorization: Very Low, Low, Average, and
High was used as in Table 1.

Table 1. Mastery levels of conceptual and procedural knowledge.

Serial No. Overall Score range of conceptual

Overall Score range of procedural

Mastering level of Conceptual and

knowledge Test knowledge Test Procedural knowledge
1 31-40 31-40 High
2 21-30 21-30 Average
3 11-20 11-20 Low
4 1-10 1-10 Very Low
conceptual and procedural knowledge of rational numbers
4. Results among Pre-Service Teachers of E. P. College of Education,

The purpose of the study was to examine mastery level,
achievements differences and correlation between

Bimbilla.
Research Question 1: What is the level of Pre-Service
Teachers’ conceptual knowledge of rational numbers?

Table 2. Cumulative frequency of Pre-Service Teachers’ Conceptual Knowledge of Rational numbers.

Mark Frequency Valid Percent Cumulative Percent
13 1 1.3 1.3
15 5 6.7 8

16 7 9.3 17.3
17 17 22.7 40
18 10 13.3 533
19 11 14.7 68
20 10 13.3 81.3
21 7 9.3 90.7
22 6 8 98.7
23 1 1.3 100
Total 75

From Table 2, fifty-one (51) representing 68% scored below
the half mark of 20 in the conceptual knowledge test of
rational numbers. Also, 10 (13.3%) Pre-Service Teachers

scored exactly the half mark while 14 Pre-Service Teachers’
representing 18.6% attained marks within the range 21-23
which is above the half mark in the conceptual knowledge test.

Table 3. Pre-Service Teachers’ Conceptual Knowledge Level of Rational numbers.

Score Range Level Number in sample Percentage in Conceptual Understanding Level
31-40 High 0 0%

21-30 Average 14 18.67%

11-20 Low 61 81.33%

1-10 Very Low 0 0%

Total 75 100%
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In determining the conceptual knowledge understanding
levels, Table 3 has showed that no Pre-Service Teachers were
found in the high and very low levels. Majority of the PSTs
were in the low levels representing 81.33% in the conceptual

understanding of rational numbers. However, 14 (18.7%) of
the Pre-Service Teachers were at the average level.

Research Question 2: What is the level of Pre-Service
Teachers’ Procedural knowledge of rational numbers?

Table 4. Cumulative frequency of Pre-Service Teachers’ Procedural Knowledge of rational numbers.

Mark Frequency Valid Percent Cumulative Percent
20 1 1.3 1.3
21 9 12 13.3
22 11 14.7 28
23 11 14.7 42.7
24 6 8 50.7
25 6 8 58.7
26 1 1.3 60
27 7 9.3 69.3
28 1 1.3 70.7
30 19 25.3 96
31 1 1.3 97.3
32 1 1.3 98.7
34 1 1.3 100
Total 75 100

As depicted in Table 4, no PST scored below the half mark
of 20 in the procedural knowledge test on rational numbers.
Also, 1 (1.3%) scored exactly the half mark, while 74
(98.7%) scored above the half mark. The minimum and

maximum marks obtained were 20 and 34 respectively in the
procedural knowledge understanding test. The modal mark
was 30 indicating 19 Pre-Service Teachers achieving that in
the procedural knowledge test. The range was 14.

Table 5. Pre-Service Teachers’ Procedural Knowledge Level of Rational numbers.

Score Level Number in sample Percentage in Procedural Understanding Level
31-40 High 3 4%

21-30 Average 71 94.67%

11-20 Low 1 1.33%

1-10 Very Low 0 0%

Total 75 100%

As in Table 5, the Pre-Service Teachers who performed
very well in the procedural knowledge test on rational
numbers because 3 (4%), 71 (94.67%), and 1 (1.33%) were
found at high, average and low levels respectively of
procedural knowledge in rational numbers. There was no

Pre-Service Teacher at very low level.

Research Question 3: Is there significant difference
between the Pre-Service Teachers’ conceptual knowledge
and procedural knowledge in rational numbers?

Table 6. Paired Samples Statistics of Pre-Service Teachers’ Procedural Knowledge Level of rational numbers.

Type of Knowledge N Mean Std. Deviation Std. Error Mean
conceptual knowledge 75 18.40 2.18 247
procedural knowledge 75 25.44 3.64 421

Table 7. Paired sample t-test of Pre-Service Teachers’ Conceptual knowledge and Procedural Knowledge Level of rational numbers.

Type of Knowledge Mean

Std. Deviation

Std. Error Mean df T Sig. (2-tailed)

conceptual knowledge-procedural knowledge -7.04 4.16

48 74 -14.643 .000

Tables 6 and 7 presents the paired sample t-test of the Pre-
Service Teachers’ achievements scores in conceptual and
procedural knowledge in rational numbers. From Table 6, the
mean and standard deviation score of conceptual knowledge
was (M=18.40. SD=2.18) while that of the procedural
knowledge was (M=25.44. SD=3.64). Majority of the Pre-
Service Teachers’ score for conceptual knowledge were
between 16.22 and 20.58 while the range of marks for the
procedural knowledge was between the range of 21.8 and

29.08. From the analysis in Table 7, there was significant
difference at t (74) = -14.643, p=0.000 <0.05 at 2-tailed. The
significant difference was in favor of the procedural
knowledge with a mean difference of 7.04. Hence, the null
hypothesis was rejected because there was significant
difference in achievement. The effect size of the study was
calculated to determine the extent of the differences between
the PSTs conceptual and procedural knowledge in rational
numbers. Detail calculation is shown below.
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Myp_Mc 25.44 -18.40

Cohen’sd =

7.04 _7.04 , 7.04 , 7.04

d d d d=2.35.

Note: Mp = Mean of procedural knowledge > M. - yean of conceptual knowledge »

» 4= 2 > &= 13.25+4.75 18 9 3’
D2 4 SD.2 (3.64)2+(2.18) 18 NG
p c 2 2
2

2

S$D, = Std. Deviation of procedural knowledge SD. = Std. Deviation of conceptual knowledge

The Cohen’s d of (2.35) indicates very high effect size,
signifying that 235% of the variance in their scores on
conceptual and procedural knowledge in rational numbers
favored the procedural knowledge.

Research Question 4: Is there significant correlation
between Pre-Service Teachers’ conceptual knowledge and
their procedural knowledge regarding rational numbers?

Table 8. Bivariate Correlations of Pre-Service Teachers’ Conceptual knowledge and Procedural Knowledge Level of rational numbers.

Conceptual knowledge Procedural knowledge
Pearson Correlation 1 .033
conceptual knowledge Sig. (2-tailed) 781
N 75 75
Pearson Correlation .033 1
procedural knowledge Sig. (2-tailed) 781
N 75 75

Table 8 was used to answer research question 4 on whether
there is a correlation between Pre-Service Teachers’
conceptual knowledge and procedural knowledge of rational
numbers.

As displayed in Table &, the test of hypothesis at 0.05
significant level found a weak correlation between the Pre-
Service Teachers’ conceptual knowledge and procedural
knowledge in rational numbers. Thus, per this study, even
though there is a weak positive correlation between Pre-
Service Teachers’ conceptual knowledge and procedural
knowledge in rational numbers, the correlation is also not
significant at (r (75) =.033, p=.781 >.05). Hence, the null
hypothesis is upheld implying there is no statistically
significant relationship between Pre-Service Teachers’
conceptual knowledge and procedural knowledge in rational
numbers.

5. Discussion

This study examined mastery level, achievements
differences, and correlation of Pre-Service Teachers’
conceptual and procedural knowledge of rational numbers.

Discussion on conceptual knowledge

For research question one, which sought to determine the
Pre-Service Teachers’ conceptual knowledge of rational
numbers understanding levels, majority (81.33%) were at a
low level, and 18.6% were at average level. The PSTs
performed creditably in giving precise definitions to rational
number, fraction, numerator and denominator. Only a few of
them got confused about the definitions of rational number
and fraction. For question one, the PSTs performed creditably
in giving the precise definitions to rational numbers,
fractions, numerators and denominators. Majority (68%) of
the PSTs also exhibited good understanding in subtracting
two mixed fractions because few mistakes were recorded,
hence question two was well answered. From the script

analysis majority (51%) of the PSTs could not answer
questions 3a. They were rather subtracting the age of the cat
from the age of the dog which was a wrong approach.

From the script analysis, majority (59%) of the PSTs could
not answer question 4a which required them to sketch 1

whole, when given % Some of them left it unanswered and
those who attempted it got it wrong because they had
multiplied the reciprocal of ; and simplified it as % = 1.

However, the remaining of the PSTs just added é to é to get%

= 1 whole. These PSTs were not able to explain with any
tangible reason to back their answers. Question 4b was yet
another question that exposed the PSTs conceptual
understanding because the question asked them to represent 1

whole by a sketch, when given %, Most of them attempted it
but got it wrong because they failed to understand that Z = % +

% +% + i + i. The correct approach required them to divide the
line segment into 5 equal parts and take away one-fourth part
to denote that % = 1. Question 4c further exposed the PSTs

lack of conceptual knowledge of rational numbers, because
they failed to workout question 4c correctly. Question 4c

demanded the PSTs to represent % when given z of a line

segment. For this question the PSTs needed to partition each
small line segment into 3 parts equally adding up to 12 equal

boxes and shade 8 of the 12 boxes, which is equivalent to §
Also, no PST attempted question 4d, which required them to
sketch % when given a figure that represents ; Question 5

was excellently answered because majority (86%) of the
PSTs were able to identify the solved problem errors. They
stated that Rizka simplified the problem by just adding the
numerators and denominators to obtain g. They also gave

correct reasons to support the alternative solved problem as
in the question. Also, majority (74%) of the PSTs performed
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creditably in drawing wholes when given parts as in question
6a and 6b. The reverse was questions 6¢ and 6d where parts
were given for the PSTs to draw the wholes. These questions
were poorly answered because the PTSs could not
comprehend and hence gave wrong drawings as their
answers. The correct representation for question 6¢ was four

dots, since 2 dots were 1/ 5- The correct answer for 6d was 8

dots since 2 dots represent 1/3. Question 7 was also partly
answered correctly because majority (52%) could explain
their reason with diagrams whiles others could not explain
their reasons correctly. Question 8a was well answered
because the PSTs understood the questions and gave accurate
drawings of the leftover as 6 pieces of chocolate. The PSTs
made use of the idea of continuous take-way approach or
subtraction in mathematics to get the correct answer.
However, the second part of the question that demanded
PSTs estimate rational numbers on given number lines was
poorly answered because majority (51%) of the PSTs could

not mark 11/ - and 1/ on the given number lines. Questions

9a and 9b were poorly answered by some of the PSTs

because they resorted to formulas instead of using simple
Time

logic. i.e speed = which is a wrong formular used for

Distance
question 9a.

Question 10 was the second toughest of the entire test,
hence majority (90%) of the PSTs could not explain their
answers. Over 90% of the PSTs performed calculation first
before giving their answers which the question clearly stated
that PSTs should not calculate. The PSTs lack the concept of
the relationship between numerator and denominator to give
you one whole.

From the scripts again, the PSTs responses showed that
they did not just understand the conceptual knowledge
questions. This performance shows that most of the Pre-
Service Teachers lacked conceptual knowledge of rational
numbers because no PST attained a high level. This study is
similar to [11] who also stated that the majority of her
subjects were at low mastery level of conceptual and
procedural knowledge. Similar to this study also is [16] who
found that students performed poorly in his study by
emphasizing that students lacked sufficient comprehension of
conceptual knowledge. This is a disturbing phenomenon
because it is the expectation of all the stakeholders in
Ghanaian educational system that PSTs will have the
conceptual knowledge of all the mathematics topics
including rational numbers to be able to handle the
mathematics syllabus in the basic schools. This indicates that,
the Pre-Service Teachers experienced challenges in relating
different parts of their schemata to workout questions that
were not straightforward but demanded application or
analysis domain. This is not also good because inadequate
conceptual knowledge will render these PSTs lessons in
Mathematics difficult, boring and increased their pupils’
misconceptions in Mathematics in general. Finally, [1]
findings tally with this study’s findings, where he also
indicated that students are not able to apply or make
inferences when they are confronted with new situations or

problems. Majority of the Pre-Service Teachers’
justifications for their answers were not straight to the point,
hence corresponded with [7], who stated that students
struggled in providing explanations concerning the
Mathematical rules or procedures that they used as they
learned Mathematics.

It was clear that the PSTs lacked conceptual understanding
of rational numbers which also collaborated with their poor
achievements and mastery levels in conceptual knowledge
because some of the PST’s approach to the questions were
wrongly presented. A careful look at the Ghanaian textbooks
shows that learning opportunities focuses on procedural
knowledge which could account for PSTs poor performance
in conceptual knowledge.

Discussion on procedural knowledge

For the procedural knowledge test on rational numbers
which sought to examine the mastery level was research
question two. The Pre-Service Teachers depended on
procedures and algorithms to solve the question using a
routine method. Question 1 was excellently answered by the
PSTs but only 3 PSTs had difficulty in solving la because
they had problem using the “invert and multiply” approach.
PSTs also scored the full marks for question 2 and 3 which
demanded them to fill the blank spaces as in question 2 and
arrangement of rational numbers in ascending order for
question 3. Question 4 was also properly answered because
they were able to convert mixed fraction to improper fraction
and subtract and add the given variable constant to both
sides. Also, question 5 and 6 were correctly answered. The
PSTs exhibited better way of solving subtraction and
multiplication of fractions. Question 7b was nicely answered
because the PSTs had mastered the concept of reciprocal of
whole numbers and rational numbers. The performance of 8a
was far better than 8b. This was due to the fact that 8a
contained brackets whiles 8b did not. The poor performance
in 8b was as a result of some PSTs not obeying BODMAS
rule in solving questions. Question 9 was perfectly answered
because the PSTs were able to draw number lines and
indicated the rational number on it. Question 10b was well
answered because the PSTs were able to identify rational
numbers from fractions and whole numbers, question 10a
demanded PSTs to find the 1% 7 (seven) rational numbers

between 1/3 and 1/2. Some of the PSTs just added and

subtracted the rational numbers to arrive at 5/ 6 and _1/ 6 as

their answers. But the correct solution should have been as
follows:

an
3 3xX30 90 2

Therefore, the 1% 7 rational numbers between % and g,
are as follows E, E,E,ﬁ,ﬁ,ﬁ and 2.
90’ 90”90”90 90" 90 90

For instance, almost all the Pre-Service Teachers resorted

to the “invert and multiply” method in solving the division of

fractions questions. This finding tallies with [6], where he

indicated that pre-service teachers only relied on the “invert

and multiply” method. This is evident that those Pre-Service

Teachers do not have an in-depth knowledge of the division
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operation when it involves fractions. Hence, it goes a long
way to suggest that some of the Pre-Service Teachers’ do not
have the basics in solving multiplication and division
operations of fractions. However, the Pre-Service Teachers’
performance was good because majority (98.67%) attained
high - average levels. This study corresponds to [6, 14] and
[30] studies that have confirmed better mastery level and
achievements of procedural knowledge. Finally, after
marking the scripts, it was clear that the PSTs demonstrated
good procedure to working the questions correctly. This
could be due to their familiarity of procedural knowledge
questions from the basic level to senior high level.

From the analysis, there was a significant difference in the
Pre-Service Teachers’ conceptual knowledge and procedural
knowledge in rational numbers, which was in favor of the
procedural knowledge. The finding in this study is parallel to
the findings by [18] and [28] who found that students did
better in procedural knowledge as compared to that of their
conceptual knowledge. This study is however contrary to [5]
who found that students exhibited a high confidence level in
conceptual knowledge than procedural knowledge problems.
It was clear from research question four that, there was a
weak positive correlation between the Pre-Service Teachers’
conceptual knowledge and procedural knowledge in rational
numbers. The correlation was also not significant at 0.05
alpha level which implies that the relationship of the PSTs’
conceptual knowledge and procedural knowledge in rational
numbers is weak. This study tallies with that of [15] who also
concluded that there was a weak positive correlation between
teachers’ conceptual knowledge and their procedural
knowledge concerning rational numbers achievements test.
This study also corroborates with the findings of [4] that
revealed a positive correlation between content knowledge
and pedagogical content knowledge. However, this study
differs from [15] again on the issue of a significant
relationship between conceptual knowledge and procedural
knowledge.

6. Conclusion

The Pre-Service Teachers’ conceptual knowledge and
procedural knowledge mastery levels were at average-low
and high—average levels respectively. Also, there was a
significant difference in achievements between conceptual
and procedural knowledge in rational numbers in favor of the
procedural knowledge. There was a weak positive correlation
and no significant relationship between the Pre-Service
Teachers’ conceptual knowledge and procedural knowledge
in rational numbers.

7. Recommendation

Based on the findings of this study, the following
recommendations were made:
1. Pre-Service Teachers’ conceptual knowledge on rational
numbers should be enhanced to meet the changing
trends in the Ghanaian educational sector needs.

2. College Tutors should be encouraged to adopt teaching
methods and strategies that focus on conceptual
knowledge in rational numbers.

3. College Tutors should concentrate more on the
conceptual knowledge on rational numbers because
PSTs’ performance on the procedural knowledge was
far better.

4. College Tutors evaluation exercises or assessment items
should be balanced between conceptual knowledge and
procedural knowledge because at the moment most
assessment items are based on procedural knowledge to
the neglect of conceptual knowledge assessment.

5. Stakeholders of the Colleges of Education such as
Transforming Teacher Education and Learning (T-
TEL), affiliated University and Ministry of Education
should ensure that College tutors go strictly by the 2018
new curriculum which place emphasis on more
conceptual knowledge than the procedural knowledge.

6. The Ministry of Education, affiliated University, and
Colleges of Education should organize and sponsor
Mathematics workshops and conferences aimed at
refreshing tutors’ conceptual and procedural knowledge
in Mathematics more especially rational numbers.

7. Textbook writers should include enough conceptual
knowledge work examples in textbooks across all levels
of education ladder.

Appendix

E. P. COLLEGE OF EDUCATION, BIMBILLA

Conceptual knowledge test on rational numbers

Answer all questions Duration 1 hour

Date: 11"™ December, 2019

(1) Explain the following: (i) Rational number, (ii)
Fraction, (iii) Numerator, (iv) Denominator

(2a) You are trying to be more diligent about drinking
enough water during the day. Base on your body weight it is

recommended that you drink & 2 glasses of water. If you have

already had 3 % of the second one. How much more do you

have left to drink
(2b) We recently repainted the living areas in our home.

We overestimated the paint we needed so we had 2 % gallons

of paint left over. If we use another 1 %gallons to paint the
master bathroom, how much paint we have left for touch up?

(3a) My dog is 3 %years old and my cat is 2 % years older
than my dog. How old is my cat?

(3b) What happens to this fraction 2, if the numerator is
increased by three folds and the denomination is divided
by 4?

(4) A. Given ; represent 1 whole

B. Given % represent 1 whole

.5 2
C. Given , fepresent ~

. 5 3
D. Given 5 fepresent -
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(5a) Rizka solved the following addition operation like this

G _ 2, Whereas, Hifza solved the same operation and

6+3 9
found 2 + % = (324) = g. Which of the solution is correct?

Why? Explain your reasoning.
(6a) Ali ate % of a chocolate bar. What is then left of the
chocolate is given below. Make a drawing of how big the

chocolate bar was before Ali ate any.

AAAAAA

is 3 of a whole. Draw the

. AAA AAA

(6¢) The counters below represent 2 g of the counters.

(6b) This

. 2
Circle z of the counters.

*eooe

o
o)
o]
)

LA K1
CO00g

o Q
0 ]
o o
o o

o " Oow

2
(6d) These counters .: represent - of the counters.

Draw 1 § of the counters.

(7) Ali and his friend Gadafi decided to buy a slice of
pizza. Pizza boy said that there were only half of a pizza and

é of another pizza and added that they should wait for a time
for new pizza. Since Ali was hungry, he wanted the half
pizza and Gadafi bought é pizza. However, they realized that

Gadafi’s pizza slice was bigger than Ali’s. Do you think this
is possible? Explain your reasons.
(8a) The diagram below represents Safura’s chocolate bar.

Safura gave % of her chocolate bar to her husband and

saved the rest for herself. After dinner she ate % of the part

she saved for herself. Draw a diagram to represent the
leftover chocolate after her dinner.

(8b) (i) Mark 1 % on the number line below.

0

Nle ==

(8b) (i1) Mark % on the number line below.

| |
r T
4

0 3;

(9a) On a highway a car travels 2 miles in 3 minutes. If the

speed of the car is constant, how far does it travel in
20minutes?

(9b) A designer is in need of 3% rolls of a wall paper to
decorate a room. how many rooms can be decorated using 13

rolls of the same paper?
(10a) Estimate the following addition without any

calculation % + %, Which integer is it close to? Explain your

answer convincingly.
E. P. COLLEGE OF EDUCATION, BIMBILLA
Procedural knowledge test on rational numbers Answer all

questions Duration: 1 hour
Date: 12" December, 2019
(1) Solve the following fractions

1%+
1% %Y
1% -
1%+ %
(2) Complete the blank spaces
() 5=m®=5@5=@5=3
(3) Rearrange the following in ascending order.

216 9 11 3 9 5

(4) Find the fractions represented by letters in the
operations below

1 3
l-+a=2=
8 8

(5a) what is the solution of the subtraction

7 2
1L-2
10 4

(5b) what is the solution of the multiplication

5 3

6 4

(6) Find the values of a, b, and ¢ given in the fractions
below.

1 2 b 4 6 13
R — = —_ = =2
(a) 3 a 15 ¢ (b) 13 ><12 !

(7a) What is the solution of the following operation?
1, 2
3B-1 5)- :
(7b) Find the reciprocal of the following rational numbers:
N =3 .. ey 6. -5
(1) " (i1) 0 (iii) " (iv) s

3 5 2,7 -4 3 4 3
(8) Solve (a) (g—g) x (1 §+§) (b)? XS X3
(9) Represent the following rational number on number
lines
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(@ = b))

(10) Find 7 rational numbers between (a) é and %, (b) pick
rational numbers from the following
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