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ABSTRACT

The purpose of the study was to compare the efficiency of the Equivalent
Fractions (EF) method and the Least Common Multiple (LCM) mcthod of
doing the addition and subtracting of fractions on measures of accuracy and
retention. All the 230 Form One students of Kaneshie *3' JSS and Kaneshie *1°
JSS in the Okaikwei Sub - Metropolitan  Area of the Greater Accra Region were
involved in the study. Kaneshie ‘37 JSS had two streams with an enrolment of
110 students. whilst the Kaneshie “17 JSS with two streams had 120 students.
The existing assembled classes of these Form One students were used in the
study intact.

The pretest - posttest nonequivalent - groups design was used. The data-
collecting instrument developed by the investigator comprised three achievement
tests designated pretest. posttest and retention test with co-efficicients of
reliability of 0.87, 0.79 and 0.86 (Cronbach Alpha Formula) respectively. A day
after the administration of the pretest, the two sets of different groups was taught
their respective treatment methods by their respective regular mathematics
teachers. A day after the last day of teaching the posttest was administered. After
a two - week period with no instructions in the two methods a retention test was
administered.

The first six out of the ten hypotheses were analysized by the analysis of
covartance, whilst the dependent t-test was used to test the remaining four. The
major findings of this study were as follows:

1. There was no significant difference between the mean scores of JSS Form

One students who used the EF method and the LCM method on tasks

i|-1\'olving the addition and subtraction of fractions on the posttest.
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9 There was no significant difference between the mean scores of JSS Form
One students who used the EF method aﬁd the LCM method on the’

addition of fractions on the posttest.

i .
There was no significant difference between the mean scores of JSS Form

)

One students who used the EF method and the LCM method on
subtraction of fraction tasks on the posttest.

4. There was significant difference between the mean scores of the pretest
and the posttest for students who used the EF method on the addition -and
subtraction of fractions.

5. There was no significant difference between the mean scores of the pretest
and the posttest for students who used the LCM method on the addition
and subtraction of fractions.

6. There was no significant difference between the mean scores of the

posttest and retention test for the EF Group.

Based on these findings it wag recommended that curricnlum developers
improve upon the content of both EF and the LCM methods in the JSS and the
primary school syllabuses, textbooks, teacher’s handbooks and handouts. It was
recommended that in-service training courses on the two methods be organised
for classroom teachers; and teacher-training institutions include the exploration

of theses methods in their programmes in order to expose student teachers to

them.
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CHAPTER 1
INTRODUCTION

Background to the Study

Concerns for the difficulties pupils and students face in the stuc}y of
fractions have been expressed by numerous researchers and mathematiés
educators in recent times. Some of these researchers and educators (Beardslee &
Jerman, 1978; Bezuk, 1988; Cooney & Hirsh, 1990; Groff, 1994; Kinney, Marks
& Purdy, 1965; Silvia, 1986} shared the view that fractions have traditionally
been a source of difficulty for both children and adults, and gave various reasons
for their claims. Kinney et al, (1965) contended that compared with the counting
numbers, the historical development of a convenient notation for fractions was
slow and algorithm for computing with fractions were unwieldy. They noted that
thé recording of fractional numbers by naming a pair of whole numbers and the

j
expression of a fractional number in an infinite number of ways could be some of
the several sources of difficulty.

Lay (cited in Cooney & Hirsh, 1990) shared similar views with other
educators (Beardslee & Jerman, 1978; Silvia, 1986) that another source of the
difficulty is that a fractional number is used to represent at least four distinet
situations (namely: as a part of a whole, a quétient, a ratio and as a numeral).
They observed that children must be familiar with each of the situations if they
expect 1o be able to meaningfully use fractions. Schminke (cited by Groff, 1994)
conctuded that of all the mathematics taught in the elementary school, fractions
arc the most bothersome and least understood. Orton (1987) shared the views of

Schminke. He noted that nearly all of what teachers teach as fractions in the

!
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primary school is re-taught 1o most pupils in t'he secondary school, because they
have not achieved masterv. Skemp (cited in Orton, 1987) added that fractions
provi‘de the obvious example of a mathematical idea previously gonsidered to be
clementary which analysts of concept reveals as far from simple.‘
Some mathematics educators (Ball, 1988; Berman & Friederwitzer, 1983;
Oslon, Sindt & Oslon, 1988) shared the view that student achievement tests in
recent years show that schools have not yet been very successful in helping
students become confident and competent in their use of fractions. They noted
that fractions seem to be a problem area in many grade levels. Ball (1988) and
Oslon et al (1988) concluded that there might be basic developmental pre-
| requisites that many students have not yet acquired before they are introduced to
fractions. It is not surprising, therefore, to note that owing to the difficulties of
fractions, Copeland (1967) suggested that informal approach to the conc.c:pt of
fractions should begin in the primary schools, and advised that a formal or
organized treatment be deferred to the middle and upper grades of the elementary
schools. Copeland’s viewpoint was supported by Mandlate (1995) wl%o had
observed that until from the age of 12 to 15 years, pupils fail to recognize the
infinite nature of equivalent fractions. He emphasized that the form */ for
fraction seems to be abstract for most children, and that pupils can hardly
visualize the various fractions thrﬁugh geometric models.
Brown, Carpenter, Lindquist, Kouba, Silver & Swarford (cited by Groff,
1994) observed that the 1990 National Assessment of Educational Progress
(NAEP) results indicated that less than half of the-12th - grade students
demonstrated a consistent grasp of fractions. They observed in this version of the

NAEP that in any State in the United State of America (USA) no more than 24
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percent of Sth - orade students at the most could solve problems involving
fractions that they were taught in the 7th — grade. Lee. Stevenson & Stiéler (cited
by Groff. 1994) discovered that 5th - grade American children on the average
could correctly compute only 15 percent of the fractions examﬁles given them:
and found that although Japanese and Chinese children compute twice as
effectively as do American children their 5th-graders have relative difficulty of
doing so. It was found that the Japanese and Chinese children computed
fractions at only a 31 percent rate of success. The success rate of computing non
- fraction mathematics items by these Japanese and Chinese were 74 percent and
77 percent respectively. It was noted that the American children in this study
computed fractions at a 14 percent rate of success, and non- fraction mathematics
items at a 50 percent rate. Keys (1999), commenting on the nine-vear olds results
for mathematics topic areas on the Third Intemnational Mathematics an;:l Science
Study (TIMSS). also noted various difficulties children encountered. Keys
(1999) observed that the achievement rate of the English 9-year olds on fraction
and proportionality exercises was the lowest as compared with the achievement
on other mathematics topics. Their success rate of 43 percent and about 48
percent success rate by 9 - year olds from countries other than England were still
lower than the rates of other mathematics topics tested.

Evidence of the students™ poor achievement levels is also found in other
research studies (Beardslee & Jerman, 1978 Ganoe, Grossnickle, Perry &
Reckzeh, 1983; Saenz-Ludlow, 1994; Weame-Hiebert & Hiebert, 1983).
Commenting on the results of the National Asseésment of Educﬁtional Progress
(NAEP) in mathematics Saenz-Ludlow (1994) and Wearne-Hiebert & Hiebert

(1983) noted that 9-year olds. 13-vear olds and 17-year olds showed a low




computational performance with fractions and littlc conceptual understanding.
Ganoe. Grossnickie, Perry & Reckzeh (1983) found that the achievement of
pupi.ls on the Second National Assessment of Educational Prong:ss (NAEP) was
appallingly inadequate for addition and subtraction of fractions. it was noted that

one —third of the 13 — year olds tested added numerators and denominators such
that /5 +3/4 = 4/¢. Only one - third of the pupils were able to perform the

computation correctly. It was observed that only 26 percent of the 13-year olds
on the Second NAEP for selected topics on fractions could work 4'/¢+ 3%/
correctly. The results of the National Assessment of Educational Progress
(NAEP) Mathematics assessment administered to only 13- year olds and 17 —
year olds (Beardslee & Jerman, 1978) showed students’ poor performance levels

on fractions too. Thirty percent of the 13- year olds added the numerators and
denominators to obtain /5 for 15 + 1/3. Only 42 percent obtained the correct

answer. Sixteen percent of the 17-year olds also added the numerators and
denominators. Summarising the .diff_i'culties of students from the resuits of the
Fourth Mathematics Assessment of the NAEP, the Nationat Council of Teachers
of Mathematics (NCTM, 1989) observed that many students appeared to have
learnt fraction computation as procedures without developing the underlying
conceptual knowledge about fractions. The NCTM (1989) noted that a
subtraction item, 7 /s — 3%, Tequiring regrouping was significantly more difficult
than the other assessment items for the students. Only thirty two percent of 7th-
grade and forty five percent of 11th-grade students assessed were able to compute
the item correctly.

The statistics on fraction difficulties is wide spread. In Ghana too the low

achievement rate of pupils and students on fractions is prevalent in the basic




could not handle fractions and ratio properly; and suggested that the four rules on
arithmetic be carefully and clearly taught. The 1993 and 1994 chief examiners’
reports (WAEC. 1993,1994) noted poor manipulations of fractions as a
significant weakness of candidates. The reports noted that candidates were
confusing vectors with numerators and denominators of fractions. To address
these difficulties, the reports suggested that candidates should be taken through
various forms of fractions and their equivalents. They should also be helped to
know the differences between the components of a vector and the numerator and
denominator of fractions. The 1999 report (WAEC, 1999) contained yet some
difficuities of fractions by students. It noted that multiplying a fraction by a
whole number was a problem for students and adding two fractions together was
a deeper crisis.

In November 2002, the investigator of this study surveyed the
performances of Junior Secondary School Form One students from a few schools
in the Okaikwei Sub- Metropolitan Area of the Greater Accra Region. The data
collected also emphasized the difficulties of students in interpreting and
computing tasks involving fractions. For instance, at Bubuashie * 1° J§S, outofa
nu;nber on roll of 43, only 16 percent were able to work 18%, + 71/3 correctly.
Thirty percent of students who worked it wrongly exhibited some systematic
error pattern. They first changed the mixed numerals into improper fractions, and
added the numerators. At the Kaneshie Kingsway ‘2° JSS, out of a number of 49
students 57 percent were able to work 32!3 -1 1/6 correctly. Nineteen percent of
the students who had difficulties with this item sl.l-owec:i some common pattern of

errors to obtain 2'/¢ as the answer. They had the least common multiple as 6, but

failed 1o obtain the equivalent fraction for.2/3. At the same school, seventy one




percent of the students worked 2/3 + 115 comrectly. However. about 43 percent of
the students who had difficulties with this item added the numerators and placed

the result over the sum of the denominators 10 obtain “/g.

Statement of the Problem

The persistence of the low performance levels of students on fractions
particularly on addition and subtraction at the basic schools in Ghana is
overwhelming. These difficulties have been confirmed by the results of the CRT
for 1952, 1993 and 1995 and the chief examiners’ report on mathematics
(Amissaﬁ, 2000: CRT UNIT. PREP, 1993, 1995; WAEC, 1991, 1993, 1994 &
1999). The survey on the work of the JSS Form One students in November 2002
b}-F the investigator of this study also confirmed these difficulties. The survey
showed a few difficulties that need highlighting. On addition task some students
had the tendency to add the numerators and place the result over the sum of the
denominators. On both addition and subtraction tasks some students had
difficulties in computing the Least Common Multiple (LCM). On subtraction
-tems where there was a need for borrowing, most students failed to effectively
use the LCM concept for the purpéses of regrouping. On occasions when
ctudents failed to find the LCM for given fractions, they resorted to the use (;f the
common denominators. However, the use of the common denominators almost
always resulted in huge numbers students find difficult to express in the lowest
term.

Thus, the difficulties of the computation and application of the LCM
concept hamper effective work on fractions. For this reason, the investigator 1s

concemed about whether the continued use of the LCM concept for the teaching




of addition and subtraction of fractions in the JSS can bring about the desired
conceptual understanding and better achjevement levels of work by the -studems.
Systematic procedures for the use of the Equivalent Fractions (!E.F) method for
adding and subtract fractions have been outlined in the primary and JSS teaching
syllabuscs for mathematics (CRDD, 2001). However, the reality on the ground is
that teachers do not use these prescribed methods in the JSS. The survéy made by
the investigator on the work of the J SS Form One students on addition and
subtraction of fractions has emphasized the abandonment of these Equivalent
Fraction procedures by the JSS mathematics teachers for the LCM method. The
investigator is of the view that, probably, the Equivalent Fractions procedures as
presented by the curriculum developers in the syllabuses. if followed by teachers,
may be effective in reducing the difficulties of learning fractions.

Therefqre, the present study is designed to investigate whether the
Equivalent Fractions method will be more effective than the LCM method in
alleviating students’ difficulties in the addition and subtraction of fractions in the

JSS.

Purpose of the Study

The difficulties of the application of the Least Common Multiple (LCM)
method in adding and subtracting fractions in the Junior Secondary School bring
to the forefront the need to consider other procedures to remedy the situation.
The purpose of this study, therefore, is to compare the effect of the use of the
Equivalent Fractions (EF) and the LCM methods on the performance of students
on tasks; involving the addition and subtraction of fractions in Junior Secondary

Form One in Accra. The study is to compare the mean scores of the EF Group




and the LCM Group on a postiest and retention test to ascertain whether one of

the two methods is significantly superior to the other.

Research Questions

The following questions have, thus, been raised to guide the research
study.

1. Will smdents who are taught the use of the Equivalent Fractions (EF) method
perform better than those who are taught the LCM method on tasks involving
addition of fractions on the posttest?

2. Will students who are taught the use of the EF method perform better than
those who are taught the LCM method on tasks involving the subtraction of
fractions on the postiest?

3. Will students who are taught the use of the EF method perform bette?than
those who are taught the LCM method on the retention test conducted two

weeks after administering the posttest?

Hypotheses
From the fore going questions, the following null hypotheses have
been formulated for testing, at the five percent level of significance. .
1. There 1s no significant difference between the mean scores of the
Equivalent Fractions (EF) Group and the LCM Group on addition and
subtraction of fractions tasks on the posttest.

There is no significant difference between the mean scores of the EF

b

Group and the LCM Group on tasks involving the addition of fractions on

the posttest.
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There is no significant difference between the mean scores of the EF

Group and the LCM Group on tasks involving the subtraction of fractions

on the posttest.

There is no significant difference between the mean scoresrof the EF
Group and the LCM Group on addition and subtraction of fraction tasks
two weeks after administering the posttest.

There is no significant difference between the mean scores of the EF
Group and the LCM Group on tasks involving the addition of fractions
two weeks after administering the posttest.

There is no significant difference between the mean scores of the EF
Group and the LCM Group on tasks involving the subtraction of fracticns
two weeks after administering the posttest.

There is no significant difference between the mean scores of the })retest
and the posttest for the EF Group.

There is no significant difference between the mean scores of the pretest
and the posttest for the LCM Group. |

There 1s no significant difference between the mean scores of fhe posttest
and the retention test for the EF Group.

There is no significant difference between the mean scores of the posttest

and the retention test for the LCM Group.
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Assumptions
The following assumptions were made:

The students in the LCM and the EF groups are approximately equally

motivated.

Thé students of the two separate JSS Form One classes have studied all
aspects of fractions as contained in the JSS Teaching Syllabus for

Mathematics (CRDD, 2001).
The teachers who taught the two methods were assumed to be about equally

effective despite their differences in lengths of experiences.

Sionificance of Studv

The value of information a research study gives to expose or solve
a problem, its intrinsic ability to inspire and stimulate further resez;rch and
the amount of light it sheds on specialised knowledge determine the depth
of its importance. In this regard, therefore, the significance of this study
is outlined as follows:
It is envisaged that the results of this study will bring about a better and
deeper understanding for addition and subtraction of fraction concepts.
A high level of understanding that may result can be applied in the
learning of other mathematics topics such as ratios, proportions, simple
and compound interests, statistics, probability and mensuration.
The results of this study will indicate to classroom teachers the use of
either the LCM method or the EF method ir; teaching addition and

subtraction of fractions. The results can be used to modify classroom




instructions, teaching materials on the topic and to remedy students

deficiencies in studying fractions.

The results may also be an indicator of one sort or the other to educational

(8]

and curriculum planners to modify (if necessary) the present scope of
topics on fractions in the JSS Mathematics syllabus.

4. Since not much probing has been done into methods of teaching fractions

in Africa (Ocran, 2001), it is hoped that the results of this study will serve

as reference materials to would-be researchers on the subject and related

areas of study.

Delimitations

The study is restricted to the collection and analysis of data on addition
and subtraction of fractions in public JSS Form One. Fraction tasks exclﬁde word
problems. Denominators of fractions include those that are alike, or have
common factors, all being relatively prime or one being a factor of the other. The
subtraction items include ones requiring the knowledge of regrouping concept.

Form One students have_ been chosen due to the fact that in the JSS it is
only the Ghana Mathematics Series, Pupil’s Book One (CRDD, 1987) that treats

fractions.

Limitations
It would have been more ideal for the investigator to use a larger sample
size and covered more schools in Accra. Howeve;, due to time, material and
financial constraints, the study was limited to two schools in Circuit 27 of the

Okaikwei Sub- Metropolitan Area. The investigator could not randomly select




and assign subjects to the EF and LCM groups. The existing settings of the two
schools {that is, the existing assembled classes) were used intact.

The investigator engaged two trained Certificate ‘A’ teachers for the
study. The Form One mathematics teacher from the Kaneshie ‘3j JSS, with nine
years teaching experience as JSS mathematics teacher, instructed the Equivalent
Fractions (EF) Group; whilst the Form One mathematics teacher from the
Kaneshie ¢1° JSS, with two years teaching experience as a JSS mathematics
teacher, taught the LCM Group. Thus, the effects of differences in tcachef
effectiveness on the results of the study could not be ruled out. Researcher, in
order to control teacher competence and favouritism toward or familiarity with

“one algorithm, could present instructions in future.

However, the performance pattern of the subjects (see Tables 2, 3 and 4)
showed that the EF Group, with the lower mean scores than the LCM Glr'oup at
pretest had increased more rapidly to higher mean scores at post-test. This

picture depicts the presence of a crossover effect and the possible absence of

selection-maturation and regression effects on the results of the study.

Definition of Terms

The following terms have been operationally defined to conform to how
they have been used in this study;

Equivalent Fractions {EF) Group,

Subjects in this group were assigned the use of the Equivalent Fractions
method. The group computed the addition and subtraction of fracﬁdns using the

Equivalent Fractions procedures.
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Least Common Multiple (LCM) Group.

Subjects in this group were assi gned the use of the LCM methed. Tasks
involving the addition and subtraction of fractions were computed by the group
using the LCM method.

Equivalent Fractions (EF)-1.

This refers to the first group of subjects in the Equivalent Fractions group.
It was made up of 50 students.

Equivalent Fractions (EF)-2.

This constitutes the sec0ndl group of subjects in the Equivalent Fractions
group. It was made up of 51 students.

This was a group of 52 students. It constitutes the first group of subjects
in the LCM Group. '
LCM-2.

This was a group of 54 students. It constitutes the second group of
subjects in the LCM Group. |
Groups-1.

This group refers to the pairing of EF-1 and LCM-1.

Groups-2.

'This group refers to the péiring of EF-2 and L.CM-2

Pretest-1.

This refers to the first group of subjects in the EF (or LCM) group who

wrote the test.
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Pretest-2.

This refers to the second group of subjects in the EF (LCM) group who
wrote the test.
Posttest-1.

This refers to subjects who wrote the test and constitute the first group in
the EF (or LCM) group.
Posttest-2.

This refers to subjects who wrote the test and constitute the second group
in the EF tor LCM) group.

Retention Test-1,

This is the classification of subjects who wrote the test and form the first
group in the EF {or LCM) group.

Retention Test-2.

This is the classification of subjects who wrote the test and form the

second group in the EF (or LCM) group.

Summary of Chapter

The report of this investigation is organised in five chapters. Chapter |
presents the problem of the study. The presentation includes the statement of the
problem, purpose of the study, research questions, hypotheses, assumpltionlsl and
the significance of the study. The chapter further highlights the delimitations and

limitations of the study and concludes with the definition of terms,
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Orpanisation of the Report

The rest of this study is made of four chapters. The literature review is in
chapter 2. Chapter 3 presents the research design, population and sampling,
instruments and data collection procedure. Chapter 4 reports tﬁe statistical
results pertaining to the study, followed by the discussions of the results.
Chapter 5, the final one, gives an overview of the research problem and

methodology, draws conclusions, gives recommendations and suggestions for

future research.




CHAPTER 2
REVIEW OF LITERATURE

The purpose of this study is to compare the effect of the ;'Jrse of the
Equivalent Fractions (EF) and the Least Common Multiple (LCM) methods on
the performance of students on tasks involving the addition and subtraction of
fractions in the Junior Secondary Schools. The study is to compare the mean
scores of the EF Group and the LCM Group on a post-test and retention test to
ascertain whether one of the two methods is significantly superior to the other.

The chapter reviews the literature adjudged to be relevant to the study. It
is presented in three sections. The theoretical framework is the first. It highlights
the general and current consensus among writers on various aspects of fractions.
These aspects include the meaning of fractions, equivalent fractions, addition of
fractions involving like & unlike denominators, addition of fractions involving
mixed numerals, subtraction of fractions involving like & unlike denominators
and subtraction of fractions involving mixed numerals. The empirical framework
follows second. It discusses studies on the LCM method, studies on EF method
and studies on the LCM and EF methods. The summary section concludes the

chapter with the summary of the literature review.

Theoretical Framework

Meaning of Fractions

Copeland (1967) defined fractions as syrﬁbols or numerals that represent a
set called the fractional numbers; and that in the simplest sense a fraction may be

thought of as a broken part of some whole, He interpreted fractions as (i) parts of
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a whole, (ii) parts of a set of objects as well as parts of a single unit.
(ii1) indicators of division. (iv) indicators of comparisons and (v) numerals.
D’ Augustine (1968) supported the views of Copeland (1967) and further
expressed a fraction in the form %, where a and b name whole mll'mbers; and
where a is called the numerator and b the denominator. Other writers (Collier &
Lerch, 1969; Fehr & Phillips. 1972; Gerber, 1982; Kinney. Marks & Purdy, 1965;
May, 1970) supported the definitions and the attributes of fractions expressed by
Copeland. However, Fehr & Phillips (1972) and Gerber (1982) thought it is
difficult to maintain the distinction between the use of the words *fraction’ and
‘fractional numbers’. D’ Augustine (1968) argued that even though it is not
appropriate to introduce the child to the definition of fractional numbers in his
early intuitive explorations, the basic definition should always play a role in the
teacher’s presentation. May (1970) added that the fact that the real meaﬁing of
fractional numbers cannot be taught until a student’s comprehension goes beyond
halves and {fourths.

Several writers, (Beavers, 1985; Hoelzle, Hutchison & Streeter, 1995;
May, 1970; Williams & Shuard, 1988; Reisman, 1977) shared the views of
D’ Augustine (1968) about the definition of numerators and denominators. It was,
however, explained further that the denominator tells us into how many parts a
unit or a whole has been divided;. and the numerator tells us how many barts of a
unit are used. Diagrams in circular, rectangular and triangular forms were used by
these writers to illustrate various numerators and denominators. Beardslee &
Jerman (1978) and Paling (1982) argued that too oﬁen fraction terminology is
stressed before children understand any of the basic concepts. They stated that in

many instances, children become confused by the terminology. They thought that




the introduction of the terms ‘numerator’ and *denominator’ could be learned
casier through the teachers repeatedly using th;: terms than by forcing the young
children to use them.

The mathematics textbooks for the basic schools, Ghana I\i/'lathematical
Series, Primary Mathematics, Pupil’s Book One to Three (CRDD 1991, 1987)
introduced fractions as part of a whole and as part of a set. Extensive use is made
of shaded congruent portions of geometrical shapes, pictures and the number line
in illustrating the meaning of fractions. Significantly, however, is thé abseﬁce of
the use of ‘numerator’ and ‘denominator’ in these books. The Ghana Mathematic
Series, Primary Mathematics, Pupil’s Book Four to Six (CRDD, 1987), revise
and emphasize the concept of fractions as a part of whole and part of a set. The
Ghana Mathematics Series, Junior Secondary School, Pupil’s Book One (CRDD,
1987) uses the number line extensively to consolidate the concept of fractions as
part of a whole. This textbook and the Pupil’s Book Four to Six (CRDD, 1987)

used the terms ‘numerator’ and ‘denominator’ without defmning them.

Equivalent Fractions

In the views of some writers (Byme, 1966; Gerber, 1982; Hutchison &
Streeter, 1995), two fractions that represent the same fractional number are said
to be equivalent or equal. It was expressed that if %, is equivalent to “/d; then %, =
“/g if and only if a.d = b.c . This was called the equivalence rule. However, other
writers (Blevins, Hanson, Podraza & Prall, 1969; Brown & Webber, 1963;
Kinney, Marks & Purdy, 1965) chose to call the céncept ‘the equaiity of |
fractions’. The equality principle or the equivalent rule was stated with

illustrated examples. Ganoe, Grossnickle, Perry & Reckzeh (1983) stated that
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although they prefer the use of ‘equal fraction’ to indicate that two fractional
numerals name the same number, both terms can be used to refer to the same
idea. Fehr & Phillips (1972) supported the views of Ganoe ef al (1983) and
advised that when teaching the equivalence of fractions it is no real value to
distinguish between the logical difference of equal and equivalent. The teacher
may refer to ¥z and 21, as equal in that they represent the same number. However,
Beardslee & Jerman (1978) advised that when discussing equivalent fractions
care should be taken to distinguish between the notions of equal and equivélence
without confusing the children. The fear was expressed that when children see
2/, = /4 they might conclude thata =c¢ and b = d. It was observed that some
‘textbocks used the symbol *~’to mean gquivalence, but most textbooks use the
‘=" sign to minimise symbolism. It was noted that one of the reasons that the
confusion between equal and equivalence arises is that the region model

(the most frequently used model) illustrates equivalent fractions by companng
regions of equal area.

The concept of equivalent fraction was introduced to pupils in the Ghana
Mathemati_cs Serjes, Primary Mathematics, Pupil’s Book Three to Six (CRDD,
1987) through the use of geometric shape. Pupil’s Book Five and Six (CRDD,
1987) discussed the concept with few illustrated examples. The test of equality,
namely, that */, = “/41s true only if ad = bc was stated. The Ghana Math.ernat.ics
Series. Junior Secondary School, Pupil’s Book One (CRDD, 1987) consolidated
the concept of equivalent fractions with shaded geometrical shapes and the
number line. It concluded with the basic principl.f:— for fractions that if a 1s \;«.’hole
number and b and m are counting numbers, then */, = "3y xp . Anticipating the

difficulties teachers might face in the teaching of equivalent fractions some
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writers (Pothier & Sawada, 1990: Rowan, Payne & Towsley, 1990; Vance, 1992)
cautioned that concept develops slowly over time. Teachers were advised to
provide many opportunities for students to explore and make major adaptations t0

textbooks since no current textbook includes sufficient developmental work on

concepts.

Addition of Fractions Involving Like and Unlike Denominators.

Several writers (Beavers, 1985; Booth, Dossey, Randull & Smith, 1992;
Collier & Lerch, 1969; Demana & Leitzel, 1984; Hoelzle, Hutchison & Streeter,

1995; Shuard & Williams, 1988) outlined procedures for adding fractions with

like and unlike denominators. To add two fractional numbers with the same

denominators, the numerators should be added, and the sum placed over the
common denominator. To add fractional numbers with different denom;l;lators;
we should use the least common multiple concept to first express the fractions as
equivalent fractions with common denominators. The numerators of the
resulting fractions should be added and the sum placed over the common
denominator. The learner is cautioned to simplify the resulting fraction when
necessary. Worked examples were given in all cases to explain the application of
the concepts. However, Beavers (1985) and Gerber (1982) offered more
diagrammatic illustrations in introducing these concepts. |

For the addition of fractions with same denominators, Gerber (1..982)

stated a principle that if */, and %/, are two fractional numbers, then

% + % _la +‘% ‘Similarly, for fractional numbers with different denominators,

say, %) and %, he stated that %+%!=adbd+b%d:(ad+bc)bd . Several other

writers (Bennett & Nelson, 1998; Blevins, Hanson, Podraza & Prall, 1969;
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Brown & Webber, 1963: Byrne, 1966; Demana & Leitzel. 1984; Dessart &
Suydam. 1978; Dumas & Howard 1966: Lake & Newmark, 1977) shared the
views of Gerber (1982). General principles with worked examples were stated.
'However, Dessart & Suydam (1978) questioned whether or not;‘.such a formal
definition might serve as an adequate algorithm procedure for children when
adding and subtracting fractions, particularly when the denominators are
different. It was argued that even though the child may not need to determine a
least common denominator, its obvious disadvantage is the increasing number of
eITors 1n éxprcssing the fina! result to lowest term. Ganoe, Grossnickle &
Reckzeh (1983) advised teachers to do early problem — solving work involving
" addition and subtraction of fractions with like denominators on exploratory level,
using manipulative materials, drawings and visual models. D’Augustine (1968)
shared the views expressed by Ganoe ef al (1983). He stated that the utilization of
a number line offers an advantage over most other models we might choose. He
argued that the number line is readily adapted for sums of fractional numbers less
than or equal to one, as well as for sums greater than one.

It is worthy to note that the number line and shaded geometric shapes were
used to introduce the concept of addition of fractions involving like denominators
to pupils in the Ghana Mathematics Series, Primary Mathematics, Pupil’s Book
Three (CRDD, 1987). Worked examples are illustrated with diagrams. The
concept is not consolidated in the Pupil’s Book Four (CRDD, 1987) by way of
further discussions. Practice exercise on addition of fractions involving like and
unlike denominators, nevertheless, have been given to pupils to do. Treatment is
given to the addition of fractions involving like and unlike denominators in the

Pupil’s Book Five (CRDD, 1987). Worked examples have no diagrammatic




[£]
[

illustrations. The concept of the least common multiple is used to rename given
fractions into equivalent fractions with common denominators. The numerators
of these equivalent fractions are added. and the sum placed over the common
denominator. In the Ghana Mathematics Series, Primary Malhel‘ﬁatics, Pupil’s
Book Six (CRDD, 1987), under the heading ‘Addition and Subtraction of
Rational Numbers’®, definition for the least common denominator and its
application are discussed. This discussion was followed by practice exercises
involving like and unlike denominators for pupils to do. Worked examples are
not given for pupils to study. The Ghana Mathematics Series, Junior Secondary
School, Pupil’s Book One (CRDD, 1987) introduced only addition of fractions

| involving unlike denominators with a few worked examples. The concept of the
least common multiples to rename the given fractions into equivalent fractions
with common denominators was used. The numerators of the cquivaleﬁ{ fractions
were added and the sum was placed over the common denominator.

Kinney, Marks & Purdy {1965) stated that in the addition of fractions,
careful teaching is required to avoid errors such has adding both numerators and
denominators. They stated that such difficulties may be avoided by effective
selection of experiences whereby pupils name sums by the use of materials and
adding fractional numbers is related to adding whole numbers with pupils .
discovering the procedure. Some writers {(Copeland, 1967; Fehr & Philips, 1972;
Reisman, 1977) shared the views of Kinney ef al (1965). A productive
pedagogical device that may help to minimize the occurrence of mistakes, such as
adding both numerators and denominators was hf é,hlighted. This was the use of
the write —the- denominator — as — a - word notation, namely, (a) 2 fifths + 1 fifth

and (b} 1 half + 1 third. It was commented that this device might be a constant
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reminder and a check to the learner to transform the fractions to be added so that
they both have the same word before adding."Copeland ( 1967) explained further
that a vertical presentation with the numerals as the numerators and the words as
the denominators helps to establish the idea of adding the measures (numerators)
and thinking of the denominators as the unit of measure.

1t is appropriate to note also that Howard (1991} had observed that
regardless of what teachers say about the way fractions should be added, sgudents
continue to believe that something is fundamentally, correct about the ‘top + top’
over ‘bottom + bottom’ method. He noted that students feel incapable of
thinking through the meaning of adding fractions on their own and rely instead on
‘habit or rote learning. He concluded that students have difficulty understanding

the *+" algorithm for adding fractions because they are unable to fit it into their

existing schemas for the numerical operations.

Addition of Fractions Involving Mixed Numbers.

A number of writers (Bennett & Nelson, 1981; Gerber, 1982; Hoelzle,
Hutchison & Streeter, i995; Reisman, 1977) shared similar views about the steps
for adding mixed numbers. To add mixed numbers we need to (i) add the whole
number parts, (ii) add the fractiopal parts and (iii) combine the results as mixed
numbers. It was explained further that when the fractional portions of ihe mixed
numbers have different denominators, we must rename these fractions as
equivalent fractions using the least common denominator in order to perform the
addition. Geier & Lamm (1978) and Beavers (1 98.5) shared the viéws of these
writers, but included diagrams to illustrate their worked examples. Even though

Wilcox & Yarnelle (1967) and Brown & Webber (1963) shared the views of
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adding the whole numbers and fractions separately when finding the sum of two
mixed numbers: they applied the associative and commutative propeniés for
fractions. In addition to the use of the ‘adding the whole numbers and fractions
separately’ process, other authors offered an alternative metho\d. They (Andries
& Touchett, 1999; Beardslee & Jerman, (1978); Collier & Lerch, 1969;
Copeland, 1967; and D’ Augustine, 1968) suggested re-naming the mixed
numbers in improper fractions and then adding. The conversion of the given
fractions to imprdper fractions should be such that they are equivalent with
common denominators. The numerators could then be added and placed over the
common denominators. However, the application of the improper fractions
concept was introduced abstractly; no diagrams were used. But Dessart &
Suydam (1978) cautioned that the use of the common denominators method has
some disadvantages. The resuits obtained from this process leave the (;hild with
the tedious task of renaming. It is also worthy to note the advice of Hillerby
(1967) to teachers. He stated that a careful choice by the teachers of the
fractional parts to be added would avoid the calculations becoming téo simple.
He wamgd that in the initial stages, it is best to avoid fractions becoming too
large and unwieldy. However, Fehr & Phillips (1972) argued that if children
understand the principles involved, then they could carry out the operations on
fractions with any denominator no matter how large. It was stated tha.t to restrict
denominators to those of one digit or two digits that are in common use is to use a
mechanistic rote philosophy of learning arithmetic and not a philosophy that
leads to learning the meaning and structure of thé subject.

Even thqugh the Ghana Mathematics Series, Primary Mathematics, Pupil’s

Book Five and Six (CRDD, 1987) and the Ghana Mathematics Series, Junior
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Secondary School. Pupil’s Book One (CRDD, 1987) treated addition of fractions
involving like and unlike denominators, they failed to consolidate it with
discussions on addition of fractions involving mixed numbers. However, practice

exercises given to pupils include tasks involving mixed numbers.

Subtraction of Fractions: Involving Like and Unlike Denominators.

As in the case of the addition of fractions, several writers have outlined
procedures for subtracting like and unlike denominators. These writers (Andries
& Touchett, 1999; Beavers, 1985; Booth, Dossey, Randull & Smith, ]9_92; Fehr
& Phillips, 1972; Geier & Lamm, 1978; Hoelzle, Hutchison & Streeter, 1995;
Scott, 1991; Reisman, 1977) shared similar views that in dealing with like
denominators the numerators should be subtracted first. The difference should be
placed over the common denominator; and the resulting fraction shoula be
simplified when necessary. With regard to subtraction with different
denominators the given fractions should first be expressed as equivalent fractions
with common denominators using the least common multiple concept. The
numerators could be subtracted z;nd the result placed over the common
denominator. Some of the writers (Beavers, 1995; Geier & Lamm, 1978;

Hoelzle ef al 1995; Gerber, 1982) gave procedures with diagrams to illustrate
these concepts to reduce the abstractness of the introductions. However, as in the
addition of the like and unlike denominators, Fehr & Phillips (1972) and
Copeland (1967) offered the use of the write — the — denominator — as — a — word
notation for the subtraction concept. It was noted that the presentation in this
form might be less abstract. In the expression, for instance, 3 fourths - 1 fourth,

the denominator is seen more clearly as a unit of measure; and it is obvious to




children that the answer is 2 fourths. It was, however, stated that in subtracting
fractions with unlike denominators. the idea of renaming them as equi\;a]cm
fractions with common denominators is necessary. As in the case of the addition
concept, Gerber (1982) with several other authors (Bennett & Nclson, 1998;
Blevins, Hanson, Podraza & Prall, 1969; Brown & Webber, 1963; Demana &
Leitzel, 1984: Dumas & Howard, 1966; Lake & Newmark, 1977, Peters &
Schaaf, 1968) outlined principles for the subtraction concept. For the subtraction
of fractions with like denominators, it was stated that if %, and /, are two
fractional numbecrs, then */y, — 4, = *~ . Similarly, for fractions with different
denominators, "y and %q it was stated that Yy, — /g = "Ypg - bep g =,
except for the presentation of Gerber (] 982)' who illustrated the concept and the
worked examples with diagrams, most of the writers’ introductions were
abstractly done.

The Ghana Mathematics Series, Primary Mathematics, Pupil’s Book
Three and Four (CRDD, 1987) ¢xposed pupils to practice exercises involving
subtraction of like and unlike denominators without any worked examples. The
Pupil’s Book Five (CRDD, 1987) devoted itself to using examples involving
only unlike denominators using the concept of the least common denominators.
The concept of subtraction involving like denominators was not consolidated by
way of cxamples. In the Pupii’s Book Six (CRDD, 1987), definition for the least
common multiple and its application were discussed as was done in the case of
the addition of fractions. Practice exercises followed these explanations without
any worked examples. The Ghana Mathematics Scrics, Junior Secondary School,
Pupil’s Book One (CRDD, 1987) introduced the concept of subtraction of

fractions with a worked example involving unlike denominators, The concept of




the least common multiple was used to re-name the given fractions into
equivalent fractions with a common denominator. The numerators were

subtracted and the result placed over the common denominator.

Subtraction of Fractions Invelving Mixed Numbers.

A number of writers (Bennett & Nelson, 1998; Booth, Dossey Randull &
Smith. 1992; Ganoe, Grossnickle, Perry & Reckzeh, 1983; Geier & Lamm, 1978;
Gerber, 1982; Fehr & Phillips, 1972; May, 1970; Reisman, 1977) shared the
opinion that the difference between two mixed numbers can be found by
subtracting the whole numbers and the fractions separately. It was, however,
stated that if the denominators of the fractions in the mixed numbers are unequal,
the fractions must be replaced having a common denominator before the
subtraction is carried out. It was highiighted that in subtracting mixed n_umbers,
where the fraction in the minuend is less than the fraction in the subtrahend
regrouping and replacing of fraciions having a common denominator might be
necessary. In illustrating the computational process, Ganoe et al (1983) used
5 Il; — 225 The fraction 5 '/3 was re- named as 4 */3. The work was then re-
arranged as 4 */5 — 2 %;. The whole numbers and the fractions were subtracted
separately to yield 2 2. 1In illustrating the concept, May (1970) stated that in, say,
S !/3 -5 5/3, there may be the need 10 re-name 8 '/3 as 7 32!’24 and 5 st as 3 '5/24 10

facilitate the subtraction.

Other writers (Andries & Touchett, 1999; Beavers. 1985: Collier & Lerch.

1969; Hoelzle, Hutchison & Streeter, 1995) shared the views of May (1970) and
Ganoe cf al (1983). It was noted that the procedure where the whole numbers and

the fractions are subtracted separately is preferred because it relates closely to the




method generally used for subtracting whole numbers. It was, however, stated
that in subtracting two mixed numbers, re-naming the mixed numbers into
improper fractions eliminates the need to regroup (or borrow). In illustrating this
view point, Andries & Touchett (1999) stated that in say, 5 ¥4 ; 2 1, thé fraction
5 % could be re-named as /55 and 24/7 as 21,0 to facilitate the subtraction. May
(1970) advised that in a case, say, 6 —2 */7, the 6 could be renamed as'5 17 t0
facilitate the subtraction. He cautioned that these regrouping procedures are
difﬁcult-and advised that pupils should be given many practice problems until
they understand each step, In treating a similar case, for instance, 6 ~ 2 %,
Beavers (1985) and Hoelzle et al (1995) renamed the 6 as 2*/4 and the 2 */4 as '/,
The numerators were then subtracted and the result placed over the common
denominator.

The Ghana Mathematics Series, Primary Mathematics, Pupil’s Book Five
and Six (CRDD, 1987) and the Ghana Mathematics Series, Junior Secondary
School, Pupil’s Book One (CRDD, 1987) failed to give treatment to fractions
involving subtraction of mixed numerals. Despite the absence of thé discussions

on the concept, practice exercises have been given on it in these three textbooks.

Empirical Framework

Studijes on the Least Common Multiple {LCM) Method

The difficulties of the applications of the LCM concept have been noted
by some research findings (Dessart & Suydam, 1978; Howard, 1991). Howard
had noted that anyone who teaches rﬁathematics in grades four to ten is
particularly aware of the difficuity students have with fractions in general and

with addition of fraction in particular. Lankford (cited by Howard, 1991)
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supported this view in his studies. He found that students who had been taught
basic fractional concept and operations through the use of concrete materials —
and who seemed to have good grasp of the concept of fractions — still persisted in
the use of a ‘top + top’ over ‘bottom + bottom’ algorithm whén asked to solve
addition problems symbolically. May (cited in Dessart & Suydam, 1978)
acknowledging the difficulty of the use of LCM concept, recommended that the
notion be introduced in the familiar setting of the multiplication of counting
numbers rather than delaying its introduction until fractions are taught. Such an
approach, the author noted, permits the LCM concept to serve as a starting point
for teaching the addition and subtraction of fractions with unlike denominators.

Stenger (cited in Dessart & Suydam, 1978) explored the formal definition

of the addition and subtraction of fractions by using (i) % + %, _(ad-+bc)

b

(i) %—% .—.(ad"bc)bd .He used such presentations with two 5th- grade classes.

He found that it was particularly effective during the initial phase of instructions
apparently because it removed the ciifﬁcult step of having children determine the
least common denominator. However, this advantage appeared to be traded for
the disadvantage of increasing the number of errors in simplifying the final result
to the lowest terms. However, Bat-haee (cited in Dessart & Suydam, 1978), in
comparing the use of the factoring method (LCM method) and the inspection
method for finding the least common denominators found the LCM method to be
more effective. These two approaches were used with 112 Sth-grade pupils. In
the factoring method, denominators were expressed into prime factors in order to
select the least common denominator, whilst students employing the inspection
mclhqd used a less organised manner. Once the inspection method was done in a

Jess organised manner, it might include lots of trials and errors and frustrated
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tearners efforts, leaving the factoring method as the only alternative left for
obtaining correct answers. Thus, the finding does not rule out the difficuity of

the application of the LCM method.

Studies on Equivalent Fractions Method

Some studies using various types of materials to assess children's
understanding of the concept of equivalent fractions have been conducted
(Dessart & Suydam, 1978; Silvia, 1986; Vance, 1992).

Vance (1992) stated that the rules ‘multiplying the numerator and
denominator of a fraction by the same number’ are relatively easy to learn, and
children generally do well on routine tasks that require them to recognise or
generate equivalent fractions. He noted in a study that success on these tasks,
however, does not guarantee that the student attaches meaning to the p;'ocedures
or appreciates the significance of the result. Mandlate (1995), supporting the
views of Vance, noted in a study that until from the age of 12 to 15 years pupils
fail to recognise the finite nature of equivalent fractions.

In the Boham research (cited in Dessart & Suydam, 1978), three
techniques were employed. In one approach, diagrams and sets of objects were
employed in which */,=""xn Was used to generate sets of equivalent fractions.

In a second approach, a method similar to the first was used, but paper folding
was emphasized. In the third approach, an appeal was made to the *property of
one’ to generate the equivalent fractions. Boham reported that the paper-folding
technique produced superior results in achievemt‘ent in a posttest and a retention
test. Beardslee, Gau and Heimer (cited in Dessart & Suydam, 1978) used red and

blue disks with 5th-and-6th-grade children to demonstrate the concept of
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equivalent fractions. In spite of the manipulative appeal of disks. the authors
favoured the use of arrays of circles drawn on an activity sheet. Silvia (i986).
using manipulative materials, led a group of nine-to-eleven-year old deaf children
to successfully leamn to generate sets of equivalent fractions. Sl;e taught the
children addition of fractions with unlike denominators using the concept. She
found from a post-test result that the children did all the tasks involving addition
of fractions correctly. Thus, the findings of Boham, Beardslee, Gau and Heimer
(cited in Dessart & Suvdam, 1978) and Silvia (1986) support the views of Vance
(1992) that the use of concrete and pictorial presentations gives opportunities to
students to make meaningful connections among spoken, physical and symbolic

representation of numbers.

Studies on the LCM and Equivalent Fractions Methods

Some studies have been conducted to compare the effects of the use of the
Equivalent Fractions (EF) method and the LCM method on the performance of
subjects on addition and subtraction of fractions (Dessart & Suydam, 1978;
Ocran, 2001).

The findings of Duncan et al (cited in Ocran, 2001) showed that the LCM
method was superior in measures of speed and accuracy. They noted that the
method was less confusing as it does not involve the task of writing dox-vn the sets
of fractions equivalent to the fractions under consideration. However, the
findings of Ocran (2001), conducted at Akim-Qda Township in Ghana using 144
JSS students, contradicted the findings of Duncaﬁ Et al (cited in Ocran, 2001 ).
Ocran (2001) found the EF method superior, easier to learn and retain.

Significantly, however, the findings of Anderson (cited in Dessart & Suydam,
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1978) were not confirmed by the findings of Ocran or that of Duncan et al.
Anderson’s studies (cited in Dessart & Suvdam. 1978). conducted in the United
State of America (USA). compared the achievements of students who had been
taught the vuse of equivalent fractions procedure and those laughi 1o use the LCM
procedure 1o determine the least common denominators for adding and
subtracting fractions. She did not report any significant difference betwezn the
two groups. Her findings supported the theoretical assumptions or views of Post
and Ott (cited In Ocran. 2001). who gave equal weights to the two procedures and

felt that if both are taught properly. each will produce equally good results.

Summarv
The following summanses the review of literature that is related to this
study.

1. Many writers shared the view that a fraction is in the form %, where a and b
name whole numbers. It was roted that a fraction could be interpreted as
(3) part of 2 whole (ii) part of a set of objects (1) indicator of a division
(3v) indicator of comparison and (v) as a numeral.

2. Several writers agreed that in adding and subtracting fractions with like
denominators, the numerators are added or subtracted and the result placed
over the common denominator. In the case of fractions with unlike
denominators, most writers agreed that the LCM of the denominators of given
fractions should first be found. The LCM of these denominators should be
used to re-name the given fractions into equivaient fractions. The numerators
of the equivalent fractions could then be added or subtracted and the result

placed over the common denominator.
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Other groups of writers, however, used rows of equivalent fractions in the
addition and subtraction of fractions. These writers generated equivaiem
fractions for fractions to be added or subtracted. Equivalent. fractions for
given fractions with same but least denominators are then se\lected. Their
numerators are added or subtracted and the result placed over the common
denominator. ‘

In the addition and subtraction of mixed numbers, several writers shargd the
view that whole numbers and fractions should be added or subtracted
separately, and then the result combined as a mixed number. Some writers
were of the opinion that in order to avoid the problem of regrouping

(or borrowing), mixed numbers may first be expressed as improper fractions
before renaming them as equivalent fractions to aid adding or subtracting.
Mandlate (1995) noted that until from the age of 12 to 15 years puplil.s fail to
recognise the infinite nature of equivalent fractions. However, Silvia (1986),
through the use of manipulative materials, led nine-to-eleven-year-old deaf
children to successfully generate sets of equivalent fractions. The concept
was used adequately in adding fractions.

Anderson (cited in Dessart & Suydam, 1978) compared the achievements of
students who had been taught the use of equivalent fractions and those who
had been taught to factorise denominators of fractions in order to determine
the common denominator. She did not report any significant difference
between the two groups. However, the findings of a recent study conducted at

Akim- Oda Township in the Eastern Region of Ghana contradiét Anderson’s

results (Ocran, 2001),
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Thus. there is evidence to show the efforts made by some researchers
(Dessart & Suydam. 1978: Ocran. 2001) to cstablish the cﬁ'cctivcnc.%s of
cither the EF Method or LCM Method. However. some of their findings
have yiclded contradictory results (Ocran. 2001). Therefore. the present
study is destgned to investigate which method will be appropriate in

alleviating students” difficulties in the addition and subtraction of fractions.




CHAPTER 3

METHODOLOGY

The methodology discusses the research design, population and sampling
procedure for the study, It further discusses the research instrument used in

collecting data, the data collection procedure and the method of data gna]ysis.

Research Design

The pretest - posttest nonequivalent groups design was used for the study.
It involved an Equivalent Fractions (EF) Gr(;up and a Least Common Multiple
(LCM) Group. The EF Group was instructed using the EF method, whilst the
L.CM Group used the LCM method. Both groups were given a pretest before the
instructional session. Immediately following two weeks of instructions in the EF
and the LCM methods, a post-test was conducted. After a two-week period with
no instructions in the two methods, a retention test was administered.

This design was chosenk because the existing settings of the two schools
(that is, the existing assembled classes) were used intact. This design is feasible

for such naturally assembled groups (Best & Khann, 1993; Christensen, 1980).

Population and Sampling

The target population was all public Junior Secondary School Form One
students in the Okaikwei Sub-Metropolitan Area of Accra in the Greater Accra
Region. The accessible population was all public.JSS Form One classes in Circuit
27 of the Sub-Metropolitan Area. The Circuit has nine Junior Secondary

Schools. All these schools are mixed. All the Form One students of Kaneshie ‘3’
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JSS and Kaneshie ‘1" JSS were involved in the study. These two schools were
selected by random sampling.

The Form One mathematics teacher from the Kaneshie ‘_3’ ISS, a trained
Certificate ‘A" with nine years teaching experiencé as JSS mathematics teacher,
instructed the EF Grdup. The Form One mathematics teacher from the Kaneshie
“17 JSS, also a trained Certificate ‘A’ teacher with two years teaching experience
as a JSS mathematics teacher, taught the LCM Group. The mvestigator gngaged
the two teachers to carry out the treatment session in order to control the effect of
experimenter bias.

The samples consisted of students from a wide range of socio-economic
. background. Parents of subjects were predominantly businessmen,
businesswomen or traders, artisans and public servants. The public servants
included teachers, doctors, accountants and nurses. The artisans were mainly
electricians, masons, tailors, drivers, seamstresses, hairdressers and carpenters
(See Appendix A). It was envisaged that since the subjects came from such a
heterogeneous parental background they were highly motivated, in respect of
academic output, to participate in the study. Each of the sampled schools had two
streams. The two streams Form One of Kaneshie °3” JSS had a total enrolment
of 110 students, whilst the two streams Form One of Kaneshie ‘1’ JSS had a total
enrolment of 120 students. The sample size for the study, therefore, was 230,
This number comprised 96 males and 134 females. To verify that subjects
involved in the study had about the same level of chronological maturity, their
ages were collected, computed and analysed (Seé Appendix B). The results
showed an age range of 12 1o 18 years for the Equivalent Fractions Group, with a

mean age of 14 years and standard deviation of 1.34. The LCM Group had an
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age range of 12 to 20 vears, with a mean age of 14 years and standard deviation
of 1.29. The ages of students and their parents” occupations were co]le;:ted using
a questionnaire provided on the pretest, p;)sttesl and retention test

(See Appendices C, D and E).

The students wrote a pretest. The duration of the test was 40 minutes. It
was conducted in the students various classrooms on the same day and time, and
invigilated by the mathematics teachers of the schools. Kaneshie “3” JSS was
assigned 1o the Equivalent Fractions Group because it obtained the lower mean
score in the pretest. Kaneshie ‘1’ JSS with the higher mean score was assigned
to the 1.CM Group. The Equivalent Fractions Group School’s two streams Form
One classes were designated EF-1 and EF-2. The EF-2 obtained the higher mean
score in the pretest. Similarly, the LCM Group school’s two streams Form One
classes were designated LCM-1 and LCM-2. The LCM-2 had the higher mean
score in the pretest. The EF-1 with mean score of 14.22 was paired with LCM-1
with mean score of 20.75. Similaly, the EF-2, with the mean score of 16.69,
was paired with LCM-2 with mean score of 23.09. These groups were exposed
10 a two-week treatment session. The posttest means scores of the groups were
compared. This was to find oﬁt whether the group with the lower mean at preteél
might improve to exceed the group with the higher mean. Thus, the arrangement
of the groups was put in place to find out whether treatment would vield a

crossover effect (Christensen, 1980).
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Instruments

One pretest. a post-lest and a retention test all developed by the
investigator were used for the study (see Appendices C. Dand E). A ten-item
test on addition and subtraction of fractions for the pretest was administered on
the Equivalent Fractions Group and the LCM Group before treatment. Another
set of a ten — item test equivalent to the pretest instrument was administered on
the two groups for the posttest scores immediately following instructions. A test
with equivalent set of items to the posttest was conducted two weeks after a

period of no instructions for the retention test scores.

Validation of Test Instruments

The investigator developed the tests (pretest, posttest and the retention
test) administered in the study with the assistance of two expenenced JSS
mathematics teachers. The assistance and contributions offered helped to focus
the contents of these tests on addizion and subtraction tasks Form One students
were exposed to in their school work and as expressed in their textbook, the
Ghana Mathematics Senes, JSS, Pupil’s Book One (CRDD, 1987).

The contents of the instrument had been read through and vetted by one of
the investigator’s supervisors, Mr. J. Gyening, of the Science Education
Department of the University of Cape Coast. Comments made by the supervisor

helped tremendously to improve the content and face validity of the instrument.

Reliability Co-efficient

The tests administered for the study were pilot-tested on three sets of 40
(a total of 120) Form One students of New Abossey Okal ‘1" & “3” Junior

Secondary schools in the Ablekuma Sub-Metropolitan Area of the Grezter Accra
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Region on February 12th 2003. Each set of 40 students answered only one test.
These schools had neither been considered for sampling nor covered b\ the
investigator s visits of schools in the Okaikwei Sub-Metropolitan Area in
November 2002. The sampled schools are separated from the Abossey Okat
schools by a distance of about three kilometres and as such the effect of
interaction was minimised.

Since the scoring of the entire test items were not on either correct or
wrong basis. but on a partial credit-marking scheme, the Cronbach Alpha
Formula was used to compute the co-efficient of reliability of the pretest, post-
test and the retention test (McMillan, 1996). The co-efficient of reliability were
found to be approximately 0.87. 0.79 and 0.86 respectively for the pretest, post-

test and the retention test (See Appendix F).

Mode of Sconng

Marking schemes for the pretest, post-test and the retention test were read
through and vetted by one the investigator’s supervisors, Mr. J Gyening (See
Appendix G). For the Section A of all the three tests, a total of five points could
be scored on the first item, that is. Question 1. Five points could be scored on
Question 2; four points on Question 3; six points on Question 4 and five points on
Question 5. For Section A, therefore, a total score of zero to twenty five was
possible. For Section B of all the three tests, a total of five points each could be
scored on Questions 6 and 7. Four points could be scored on Question §; five
points on Question 9 and six points on Question iO. Thus, a total score of zero to

twenty five was possible for Section B.
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Data Collection Procedure

On Monday, April 28, 2003 the investigator contacted the heads of the
two schools sampled with copies of a Jetter of introduction from the Head of the
Science Education Department of the Faculty of Education, Uni\\"ersity of Cape
Coast to ask for permission to conduct the study. At separate meetings the heads
of the two schools agreed to release their students for the study. The mathematics
teachers for the Form One classes of the two schools were informed and asked to
give the investigator the necessary co-operations. It was agreed to use a foﬁr-day
programme a week of 40 minutes per session for instructions. Mathematics |
periods as scheduled on the JSS Form One timetable were allocated for these
lessons. |

The procedure for data collection was in four phases. Phase one involved
the pretest, phase two the treatment session, phase three the post-test and.phase
four the retention test.

Phase one dealt with the conduct of the pretest. It was administered on
Friday, May 2nd, 2003, in the third term of the 2002/2003 academic years. The
test was conducted in the students various classrooms on the same day and time
under their normal terminal examination conditions. The investigator printed the
test items on sheets of paper. The mathematics teachers of the various schools,
who invigilated, distributed the test papers with answer sheets for worki-ng. The
students sat one to a desk. They were allowed to carry only pens, pencils, rulers
and erasers into the classrooms for the test. They were asked to write their index
numbers, ages, sexes and the occupations of their p-arents at blank spaces
provided on the test papers. Students were then asked to start work. The test

lasted 40 minutes. The investigator collected all the scripts from the invigilators.
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The marking of the test items was done solely by the investigator using a partial
credit marking scheme (See Appendix G).

Phase two involved two weeks of instructional treatment. [t started on
Tuesday, 6th May 2003, and was completed on Thursday, Ma'y. 15th, 2003. The
investigator briefed the mathematics teacher of the EF Group on the use of the
equivalent fractions concept for the addition and subtraction of fractions to enable
her carry out the treatment session adequately. The teacher of the LCM Group,
however, continued to use the traditional LCM concept for instructions during the
session. The teachers of the LCM and the EF groups used a four-day programme
a week of 40 minutes per session for instructions as agreed upon. Scripted daily
lesson plans were made available to the teachers for use (see Appendices H
and I). The two teachers were engaged to carry out the treatment session in order
to control the effect of experimenter bias. However, the investigator was present
at the schools so that after each daily lesson .he would confer with the teachers
and ensure appropriate preparations for subsequent lessons.

Owing to the excitements th;e teachers and the students showed at the
presence of the investigator in the classrooms during the first lesson, such
observatibns were discontinued. However, daily assignments the teachers gave
to the students were received for marking. Items for these assignments were the
same for both treatment groups. Errors and misconceptions found in the
assignments were discussed with the teachers for corrections in the subsequent
lessons.

At the first lesson of the treatment session, the LCM Group was taught
addition and subtraction of two fractions, one whose denominator is a factor of

the other. (See Table 1). This lesson was treated after a review of addition and
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subtraction of fractions with like denominators. The EF Group was taught how to
generate and identify equivalent fractions at the first lesson and additio‘n and
subtraction of fractions, one whose denominator is a factor of the other at the
second lesson. The LCM and EF Groups were taught addition and subtraction of
fractions, with denominators that are relatively prime, at the second and the third
lessons respectively. Addition and subtraction of fractions, with denominators
that have common factors, were studied by the 1.CM Group at the third apd
fourth Jessons respectively, whilst the EF Group learnt these topics at fourth and
fifth lessons. Addition and subtraction of mixed numbers requiring no
regrouping were treated at the fifth and sixth lessons respectively for the LCM
Group. The EF Group learnt these topics at the sixth and seventh lessons.
Subtraction of mixed numbers requiring regrouping was treated at the seventh
and eighth lessons for the LCM Group, whilst the EF Group studied it f:lt the
eighth lesson.

Phase three dealt with the posttest. It was administered on Friday, May
16th, 2003. This test was designed to assess the effect of the treatment given to
the two groups for the two weeks period. The LCM and the EF Groups were
tested on posttest items (See Appendix D). The EF Group answered the test items
using the Equivalent Fractions method, whilst the LCM Group used the LCM
method. The test was conducted in the students various classrooms and was
invigilated by the mathematics teachers of the schools. It was coenducted in the
same manner as was done for the pretest. Its duration was 40 minutes.

Phase four concluded the study with the administration of a retention test.

1t was conducted on Friday, May 30th, 2003 after the elapse of a two-week
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retention period during which no treatment was given. The steps for conducting
the pretest were followed for administering the retention test too.

The data on nine students in the EF Group and fourteen in the LCM group
were eliminated from the subsequent analyses. Owing to their numerous absences
from school, these students could not write the pretest or posttest; and so none of
them had data for all the three tests. Therefore, the investigator had adequate data
covering only 101 students for the EF Group and 106 students for the LCM
Group. The EF-I had 50 students, comprising 19 males and 31 females. The EF-
2 with 51 students had 21 males and 30 females. The LCM -1 had 52 students
comprising 24 males and 28 females, whilst the L.LCM-2 with 54 students was
made up of 22 males and 32 females. In all cases, the investigator was solely

responsible for marking the tests.

Data Analysis

Data available in this study included: (i) the pretest scores, (ii) the posttest
scores and (iii) the retention test scolres.

These data were analysed to determine whether there was any significant
difference in performance between the EF Group and the LCM Group on
addition and subtraction of fractions.

Since the existing groups of the two schools were used intact and were
assigned to the respective treatments on the basis of their pretest scores, the
analysis of covariance was utilized to test hypotheses 1 to 6 (Christénscn, 1980)
(Sce Appendix K). The use of the analysis of covariance was intended to |

compensate for any variations that might have existed initially between the two




Tablel

Desien of the Study

Phase Date EF Group LCM Group
1 2/5/03  Pretest Pretest
2 6/5/03  Generating & Identifying EF Adding & Subtracting

L)

7/5/03  Adding & Subtracting Fractions.
One denominater as a factor of
the other.

8/5/05 Adding & Subtracting Fractions.

Denominators relatively prime

9/5/03  Adding Fractions. Denominators

with common factors

Fractions. One denominator
as a factor of the other
Adding & Subtracting
Fractions. Denominators
relatively prime.

Adding Fractions. Deno-
minators with common
factors

Subtracting Fractions. Deno-
minators with common

factors

12/5/03 Subtracting Fractions .Denominators  Adding Mixed Numbers

with common factors

13/5/03 Adding Mixed Numbers

{(No regrouping)

14/5/03 Subtracting Mixed Numbers.

(No regrouping)

15/5/03 Subtracting Mixed Numbers
(Regrouping)

16/5/03 Post-test

30/5/03 Retention Test

(No regrouping)
Subtracting Mixed Numbers
(No regrouping)

Subtracting Mixed Numbers
(Regrouping)

k2l "

Post-test

Retention Test




eroups (Best & Khann, 1993) THowever, adependent i-test was employed to
test hypatheses 7 to 10 (See Appendin 1), This test statistic is appropriate sinee
the mean scores referred 1o in these hypotheses are for the same group of subjects
who have not been randomly assipned (Best & Khann, 1993}, In ali cases, alpha

(105 level of sipnificance was used for the testing.



CHAPTER 4

RESULTS OF THE STUDY AND DISCUSSIONS

This chapter summarises the results of the statistical analyses of this study
in relation 10 the formulated hypotheses. The results of the statistical tests, the
decisions to retain or reject each hypothesis and the implications of the d;cision
are highlighted. Discussions on the research findings are included. The chapter
1s divided into three parts: descriptive statistics, hypotheses related to the sampled

groups and finally, discussions of the research findings.

Descriptive Statistics

In order to provide a better view of the population sampled, the l.neans,
standard deviations and adjusted means of the Equivalent Fractions (EF) and the
LCM Groups have been reviewed. The means and standard deviations for both
groups in all the three tests are summarised in Tables 2 - 4. The variables
employed include N, the numbes of subjects; M, the mean score; SD, the standard
deviation, LCM, LCM Group; EF, Equivalent Fractions Group; GM, the general
means; T.1, the pretest; T.2, post- test and T.3, retention test. The number 1 after
a variable in the Tables 2- 19 indicated the first group and 2 indicated t-he second
group. The maximum total score for tasks involving addition and subtraction of
fractions in each of the tests was 50; the maximum total score for addition of
fractions (Section A) was 25; and subtraction of fr.actions (Section B) was 25,

The inclusion of the Tables 5 — 20, and Appendix J, showing means, standard
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deviations and the adjusted means of the subjects give a clearer picture about

their performance levels.
Table 2

Means and Standard Deviations for Designated Groups on Addition and

Subtraction of Fractions

48

Test EF. 1 LCM.1 EF.2 LCM. 2

M SD M SD M SD M SD

T.1 1422 17.07 20.75 145 16.69 1522 2309 13.14
T.2 2588 1505 2338 13.23 2525 13.85 24.02 1248

T.3 232 16.08 2233 1228 2661 113 2498 12.09

Table 3

Means and Standard Deviations for Designated proups on Addition of Fractions

Test EF. ] LCM.1 ETF. 2 LCM. 2

M SD M SD M SD M SD

T.1 754 891 11.29 7.77 8.57 8.0 11.61 7.08
T.2 13.6  7.81 11.94 7.23 13.27 175 11.48 7.4

3 12.14 §.88 10.6 5.35 14.16  7.82 1276 6.11
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Table 4

Means and Standard Deviations for Designated Groups on_Subtraction of

Fractions

Test EF. 1 LCM.1 EF.2 LCM. 2

M SD M SD M SD M SD

T.] 6.68 8.85 946 7353 8.12 822 11.46 6.81
T2 1228 B8.88 1144 7.78 11,98  8.30 12.54 6.95

T3 11.06 883 11.73 762 1245 632 1222 6.99

Introduction to Hypotheses

The hypotheses 1 and 4 test for the significant difference between the
mean scores of the EF Group and LCM Group on addition and subtraction of
fraction tasks in the posttest an& retention test respectively. Hypothesis 2 tests
for the significant difference between the mean scores of the two groups on tasks
involving the addition of fracti;ns in the posttest, whilst hypothesis S tests for the
difference in the retention test. Similarly, hypothesis 3 tests for the significant
difference between the mean scores of the two groups on subtraction of fractions
in the posttest, whilst hypothesis 6 tests for the same difference in the retention
test. Hypothesis 7 tests for the significant difference between the mean score of
the pretest and the posttest for the EF Group and the hypothesis 8 tests for the
same difference in the LCM Group. Hypothesis 9 and 10 test for the significant

difference between the mean scores of the posttest and the retention test for the

EF Group and LCM Group respectively.
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It was hypothesized that there is no significant difference between the
mean sores of the EF Group and the LCM Group on addition and subtraction of
fraction tasks on the posttest.

The analysis of covariance of the post-test scores for the addition and
subtraction of fractions comparing the two groups is shown in Table 5. As
reflected in Table 5, the F, ratio was 1.57 at 0.05 significant Jevel and degrees of
freedom of 1 and 99. From tables, the critical value F; (1, 99) was 3.92. The F;
ratio was less than the critical value. At 0.05 significant level and degrees of
freedom of 1 and 102, the tabulated F, was read to be 3.92, and the computed F,
value was found to be 0.194. The F; ratio value (0.194) was less than the critical
value F; (3.92). Thus, there was no evidence to r¢ject the null hypothesis.
Therefore, the conclusion was that there was no significant difference f)etween
the mean scores of the EF and LCM Groups on addition and subtraction of
fraction tasks in the posttest. Though the adjusted means showed that the EF
Groups had higher mean scores on the posttest (S=e Table 6), the difference was

not significant.

Table 5

Analysis of Covariance of Posttest Scores for Addition and Subtraction of

Fractions, Using Pretest Scores as Covariate

Source of Variance df SS MS F,
Between Groups —1 1 311.8 311.8 1.57
Within Group -1 99 197247 [99.2

Totals 100  20036.5
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Table 5 cont’d
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Source of Variance df SS MS F2
Between Groups-2 | 34.6 34.6 0.194
Within Groups-2 102 18192.4 178.4

Totals 103 18227

Table 6

Addition and Subtraction of Fractions: Pretest (x) — Posttest (y).

Adjusted Post-test Means

Groups N Mx My  My.x (Adjusted)
LCM.1 52 20.75 23.38 22.87

EF.1 50 14.22 25.88 26.40

General means 17.55 24.63
Groups N Mx My  My.x (Adjusted)
LCM-2 54 23.09 24.02 23.99
EF-2 51 16.69 25.25 25.28

(General means 19.98 24.64
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Hvpothesis 2

It was hypothesized that there 1s no significant difference bctwe.en the
mean scores of the EF Group and the LCM Group on tasks invelving the addition
of fractions on the posttest.

Table 7 shows the analysis of covariance of the post-test for addition of
fractions for the two groups. At 0.05 significant level and degrees of freedom of
1 and 99, the tabulated F; was read to be 3.92 and the computed F; value was
found to be 2.074. The F) ratio value (2.074) was less than the critical value F;
(3.92). At 0.05 significant level and degrees of freedom of 1 and 102 the
tabulated F2 was read to be 3.92 and the computed F; value was found to be_
1.616. The F; ratio value (1.616) was less than the critical value F; (3.92). For
these reasons, there was no evidence to reject the null hypothesis. The
conclusion was that there was no significant difference between the mean scores
of the EF and 1.CM Groups on tasks involving the addition of fractions on the
posttest. Though the adjusted means showed that the EF Group had higher mean

scores in the posttest (See Table 8), the difference was not significant.

Table 7

Analysis of Covariance of Posttest Scores for Addition of Fractions, Using

Pretest Scores as Covariate.

Source of Variance df SS MS F,
Between Group-1 1 117.6 - 117.6 2074
Within Groups -1 99 5615.4 56.7

Totals. 100 5733
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Table 7 cont’d
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Source of Variance df SS MS 2
Between Groups -2 | 92.3 92.3 1.616
Within Groups -2 102 5828.5 57.1

Totals 103 5920.8

Table §

Addition of Fractions: Pretest (x) — Posttest {v), Adjusted Post-test Means.

Groups N Mx My My.x (Adjusted)
LCM -1 52 11.29 11.94 11.69

EF -1 50 7.54 13.6 13.87
General means 9.5 12.77

Groups N Mx My My.x (Adjusted)
LCM -2 54 11.61 11.48 11.42

EF -2 51 8.57 13.27 13.33
General means 10.13 12.38

Hypothesis 3

It was hypothesized that there is no significant difference between the

mean scores of the EF Group and the LCM Group on tasks involving the

subtraction of fractions on the posttest.
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Tablz @ shows thz analvsis of the covariance comparing the two groups

postiest scores for subtraction of fractions. With reference to this t2ble. the Fy

ratio was 0.707 at 0.05 significant level and dagress of freedom of 1 and 99.

From tables. th critical value. Fy (1.99) was 3.92. The F, ratdo was found to b2

less than the critical valuz Fy . Similarly. the F- ratio was 0.16 and the enitical

valuz F- was 3.92 a1 0.05 significant level and dzgrees of freedom of 1 and 102.

The F- matio was less than the critical valuz F- .

Thus. th=re was no evidance to

reject th2 null hypothesis. Tha conclusion. therefore, was that there was no

sienificant difierence banween the mean scores of the EF and LCM Groups on

tasks involving the subtraction of fractions in the postiest. However, the adjusted

means indicated that tha EF Group had slightly higher mean scores on the

posuest (See Tablz 10); but the differsnce was no: sigmiicant.

Tabl=9

Analvsis of Covaniance of Posues: Scores for Subirection of Fractions, Usine

Pretest Scores as Covanaie.

Source of Variance Gi_ SS MS F,

Between Groups -1 1 186 <8.6 0.707

Within Groups —1 69 6798.9 68.7

Totals 100 6847.5

Source of Vanance df SS MS Fa
etween Groups —2 1 96 9.6 0.16

Within Groups 2 102 6126.1 60.1

Totals . 103 61337
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Table 10

Subtraction of Fractions: Pretest (x) — Posttest {(v). Adiusted Posttest Means,

Groups N Mx My My.x(Adjusted)
LCM-1 52 9.46 11.44 11.15

EF -1 50 6.68 12.28 12.58
Genera] Means 8.10 11.86

Groups N Mx My Myv.x (Adjusted)
LCM -2 54 11.46 11.54 11.57

EF -2 . 51 8.12 11.98 11.95
General means 9.84 11.76

Hvpothesis 4

It was hypothesized that rhere 1s no significant difference between the
mean scores of the EF Group and the LCM Group on addition and subtraction of
fraction tasks two weeks after administering the posttest.

The analysis of covaniance comparing the groups is shown in Table 11.
The critical value F, at 0.05 significant level and degrees of freedom of 1 and 99
was 3.92 as against the computed F, ratio of 0.045. Thus, the F; ratjo value was
less than the critical value Fy. At the same 0.05 significant level and degrees of
freedom of 1 and 102, the F; ratio (0.404) was found 10 be less than the critical
value F; (3.92). For these reasons, there was no e;v'idence to reject the null
hypothesis. The conclusion was that there was no significant difference between

the means scores of the EF and LCM Groups on addition and subtraction of



fraction tasks two weeks afier administering the posttest. Though the adjusted

means showed that the EF Group had higher mean scores on the retention test

(See Table 12}, the difference was not significant.

Table 11

Analvsis of Covariance of Retention Test Scores for Addition and Subtraction

of Fractions. Using Posttest Scores as Covariate.

Source of Variance df SS MS Fi
Between Groups —1 1 9.4 §.4 0.045
Within Groups -1 99  20525.6 207.3

Total 100 20535

Spurce of Variance df SS MS F>
Between Groups —2 1 55.8 55.8 0.404
Within Groups —2 102 14086 135.1

Total 103 14141.8




Tablel2

Addition and Subtraction of Fractions: Posttest (x) - Retention Test (v).

Adjusted Retention Test Means.

Groups N Mx My My.x (Adjusted)
LCM -1 52 23.38 22.33 22.47
FE -1 50 25.88 23.2 23.06
General means 24.61 22.77
Groups N Mx My My.x (Adjusted)
LCM-2 54 24.02 24.98 25.06
EF -2 51 25.25 26.61 26.53
General means 24,62 25.8

Hypothesis 5

it was hypothesized that there is no significant difference between the

mean scores of the EF Group and the LCM Group on tasks involving the addition

of fractions two weeks after adniinistering the posttest.

The result of the analysis of covariance comparing the two groups is

shown in Table 13. At 0.05 significant level and degrees of freedom of 1 and 99,

the critical value Fy was read as 3.92. The F, ratio of 0.397 was found to be less

than the critical value. Similarly, at 0.05 significant level, and degrees of

freedom of 1 and 102, the critical value F2 gave 3.92 as against the computed F,
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ratio value of 0.828. The T, ratio value was also less than the critical value Fa.

Thus, there was no evidence to reject the null hypothesis. The conclusion was

that there was no significant difference between the mean scores of the EF and

LCM Groups on tasks involving the addition of fractions two weeks after

administering the posttest. The adjusted means showed, however, that the EF

Group had higher mean scores in the retention test (See Table 14); but the

difference was not significant.

Table I3

Analvsis of Covariance of Retention Test Scores for Addition of Fractions,

Using Posttest Scores as Covariate.

Source of Variance df SS MS F,
Between Groups —1 1 17.5 17.5 0.397
Within Groups -1 99 4363.1 44,1

Totals 100  4380.6

Source of Variance df SS MS F;
Between Groups —2 1 41.5 41.5 0.828
Within Groups -2 102 5108.8 50.1
Totals 103 51503
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Table 14

Addition of Fractions: Posttest (x) — Retention Test {y), Adjusted Reténtion Test

Means.

Groups N Mx My  My.x (Adjusted)
L.LCM -1 52 11.94 10.6 10.9¢6

EF -1 50 136 12.14 11.79
General means 12.78 11.37

Groups N Mx My  My.x (Adjusted)
LCM -2 54 11.48 12.76 12.82

EF -2 51 13.27 14.16 14.10

General Means 12.35 13.46

Hvpothesis 6

It was hypothesized that theré is no significant difference between the
mean scores of the EF Group and the LCM Group on tasks involving the
subtraction of fractions two weeks after administering the posttest,

The comparison of the two groups, using the analysis of covariance, is
shown in Table 15. The critical value Fy at 0.05 significant level and degrceg of
freedom of 1 and 99 was 3.92 as against the computed F) ratio value of 0.574.
The F, ratio value was, therefore, less than the critical value F|. At the same 0.05
significant level and degrees of freedom of 1 and 102, the F; ratio of 0.049 was
again found 10 be less than the critical value F» of 3.92. For these reasons, there

was no evidence to reject the null hypothesis. The conclusion, therefore, was that
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there was no significant difference between the mean scores of the EF and LCM

Groups on tasks involving the subtraction of fiactions two weeks after

administering the posttest. The adjusted means (See Table 16) supported this

conclusion.

Table 15

Analysis of Covariance of Retention Test Scores for Subtraction of Fractions,

Usine Post-test Scores as Covariate.

Source of Variance df SS MS F,

Between Groups —1 1 30.1 30.1 0.574

Within Groups -1 99 5190.1 524

Totals 100 52202

Source of Variance df SS MS Fa (
Between Groups —2 I 2.2 22 0.049

Within Groups —2 102 4624 453

Totals 103 4626.2
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Table 16

Subtraction of Fractions: Posttest {x)-Retention Test (v), Adjusted Retention

Test Means

Group N Mx My My.x (Adjusted)
LCM -1 52 11.44 11.73 11.93

EF-1 50 12.28 11.06 10.85
General means 11.85 11.40

Group N Mx My My.x (Adjusted)
LCM -2 54 12.54 12.22 12,19

EF-2 51 11.98 12.45 12.48
(General means 12.27 12.34

Hypothesis 7

It was hypothesized that there is no significance difference between the
mean scores of the pretest and the posttest for the EF Group.

The comparison of the pretest and the post-test for the EF Group was
tested by a dependent t-test and is shown in Table 17. At 0.05 significance level,
and degrees of freedom of 49, the critical t; value was 2.01. The computed t1
value was 3.95. Hence, the computed t; value was greater than the tabled t;
Similarly, at 0.05 significant level and degrees of freedom of 51, the critical t,
value was 2.01; and the computed t; value was 2.9_6. The computed t; was again
greater than the tabled t; value. For these reasons, there was evidence to reject
the null hypothesis. The conclusion was that there was significant difference

between the mean scores of the pretest and the posttest for the EF Group.
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Analvsis of the Difference Between the Mean Scores of the Pretest and Posttest

of the Equivalent Fractions Group.

Group N Mean SD df 1
Pretest —1 50 14.22 17.07 49 3.85
Posttest —1 50 - 25.88 15.05

Group N Mean SD df t2
Pretest -2 51 16.69 15.22 50 2.96
Posttest -2 51 25.25 13.85

Hypothesis 8

It was hypothesized that there is no significant difference between the
mcﬁn scores of the pretest and the_ posttest for the LCM Group.

The comparison of the prctcst. and the posttest for the group was tested by
a dependent t-test and is shown in Table 18, At 0.05 significant level and degrecs
of freedom of 51, the critical t; value was 2.01. The coniputed t; value was 1.06,
thus, the computed t| value was less than the critical t) value. Similarly, at 0.05
significant level, and degrees of freedom of 53, the critical t, value was 2.01. The
computed t; value was 0.375. The computed t; (0.375) was, therefore, less than
the critical t; value (2.01). Thus, for these reasons, there was no evidence to
reject the null hypothesis. The conclusion was that there was no significant
differcnce between the mean scores of the pretest and the posttest for the LCM

Group.
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Analvsis of the Difference Between the Mean  Scores of the Pretest and the

Postiest for the LCM Group.

Group N Mean SD df 4
Pretest -1 52 20.75 14.5 51 1.96
Posttest ~1 52 23.38 23.23

Group N Mean SD df t
Pretest -2 54 23.09 13.14 53 0.375
Posttest -2 54 24.02 12.48

Hvpothesis 9

It was hypothesized that there is no significant difference between the
mean scores of the posttest and the ;etcmion test for the EF Group.

The comparison of the posttest and the retention test for the group was
tested by a dependent t-test and is shown in Table 19. At 0.05 significant level
and degrees of freedom of 49, the critical t, value was 2.01. The computed t,
value was 1.295. The computed t; value was thus, less than the critical t; value.
Similarly, at 0.05 significant level, and degrees of freedom of 50, the critical t,
value was 0.601. The computed t; (0.601) was thus, less than the criticai t, value
(2.01). TFor these reasons, there was no evidence to reject the null hypothesis.
The conclusion was that there was no significant difference between the mean

scores of the posttest and retention test for the EF Group.
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Table 19

Analysis of the Difference Between the Mean Scores of the Post-test and the

Retention Test for the Equivalent Fractions Group.

Group N Mean SD df t
Posttest -1 50 25.88 15.05 49" 1.295
Retention Test —1 50 23.2 16.08
Group N Mean SD df ts
Posttest —2 51 2525 13.85 50 0.601
Retention Test-2 51 26.61 11.3

Hypothesis 10

It was hypothesized that there is no significant difference between the
mean scores of the posttest and the retention test for the LCM Group.

The-comparison of the post-test and the retention test for the group was
tested by a dependent t-test and 1s shown in Table 20. At 0.05 significant level
and degrees of freedom of 51, the crtical value t; was 2.01. The computed t,
value was 0.544. Thus, the computed t; value was less than the critical t,; value.
Again, at 0.05 significant level and degrees of freedom of 53, the critical t, value
was 2.01, and the computed t; was 0.43. The computed t (0.43) was, thus, less
than the critical t; value (2.01). Hence, there was no evidence to reject the nufl
hypothesis. The conclusion, therefore, was that there was no significant
difference between the mean scores of the posttest and the retention test of the

LCM Group.



Table 20

Analvsis of the Difference Between the Mean Scores of the Posttest and the

Retention Test for the LCM Group.

Group N Mean SD df 1
Posttest —1 52 23.38 13.23 51 0.544
Retention Test -1 52 22.33 12.28

Group N Mean SD df tz
Posttest —2 54 24.02 12.48 53 0.43
Retention Test —2 54 2498 12.09
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DISCUSSIONS

(i) Results of Tests on Addition and Subtraction of Fractions

Hypothesis 1 postulated that there is no significant differencc between
the mean scores of the EF and LCM Groups on addition and subtraction of
fraction tasks on the posttest.

The analysis of covariance comparing the two groups revealed that there
was no significant difference between the mean scores of the Equivalent
Fractions and the LCM Groups (See Table 5). This means that there was no
significant difference in performance between the JSS Form One students who
used the Equivalent Fractions method and the LCM method on tasks involving
the addition and subtraction of fractions on the posttest. This finding confirms
the finding of Anderson (cited in Dessart & Suydam, 1978), in a study conducted
in the USA. She reported no significant difference between the achiev;zments of
students who had been taught to use Equivalent Fractions method and those
taught to use the LCM method to dq addition and subtraction of fractions. The
finding also confirms Anderson’s report that the highest percentage of errors she
registered was due to simplifying fractions. This finding also confirms the
finding of Silvia (1986). She had to treat the simplification of fractions
exclusively at a separate lesson in order to eliminate the difficulties or errors
pupils had on addition of fractions. .

The present study registered about 83.9 percent and 62.3 percent of the
total EF and the LCM Groups respectively who wrongly simplified or failed to
simplify fractional answers on the posttest. Similérly, about 90.4 p'ercent and
87.3 percent of the total EF and the LCM Groups respectively wrongly simplified

or failed to simplify fractional answers in the retention test. (See Appendix M).
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The finding, however, contradicts the finding of Duncan ef al (cited in Ocran,
2001). Duncan ef af (cited in Ocran, 2001) reported that the LCM method was
superior to the EF method on measures of speed and accuracy. They concluded
that the LCM method is less confusing as it does not involve the task of writing
down sets of fractions equivalent to the fractions under consideration. The
finding of this study again contradicts that of Ocran (2001). His study. which
involved 144 JSS students, was conducted at Akim Oda Township in the Eastern
Region of Ghana. He compared the efficiency of the EF and the LCM méthods.
He found that the EF method was easier to learn and retain.

Hypothesis 4 postulated that there is no significant difference between the
mean scores of the EF and LCM Groups on addition and subtraction of fraction
tasks two weeks after administering the posttest. The analysis of covariance
comparing the two groups showed that there was no significant difference
between the mean scores of the EF and LCM groups on addition and subtraction
of fractiOn tasks two weeks after administering the posttest (See Table 11). This
finding implies that there was no sigﬁiﬁcant difference between the achievements
of the JSS Form One students who used the EF method and the LCM method on
tasks involving the addition and subtraction of fractions on the retention test.
Even though the summaries of the analyses of covariance for hypotheses 1 and 4
were not statistically significant, their respective EF Group mean scores were all
higher than the LCM Group mean scores (See Tables 6 & 12).

Hypothesis 7 postulated that there is no significant difference between the
mean scores of the pretest and the posttest for the EF Group. A comparison of
the two results tested by a dependent t-test showed that there was significant

difference between the mean scores of the pretest and the posttest for the EF
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. Group {See Table 17). This means that the achievement of the EF Group, using
the EF method, on the addition and subtraction of fractions was higher on the
posttest than on the pretest (See Tables 2 & 6). A comparison of similar results
(See Table 18) tested by a dependent t-test, however, showed that there was no
significant difference between the mean scores of the pretest and the posttest for
the LCM Group who used the LCM method. This finding shows that ti:e
treatment on the EF Group yielded some dividends. Nevertheless, the EF Group
could not sustain this gain. Two weeks after the posttest, there was no signiﬁcant
difference between the means of the posttest and the retention test (See Table
19). The comparison of the posttest and the retention test for the LCM Group,
tested by a dependent t-test, also did not show any significant difference (See
Table 20). Thus, the raw scores of the EF and the LCM Groups on the addition
and subtraction of fractions (Appendices N & P) with their corresponding low
means and standard deviations (See Table2} are indications that the students had
some difficulties with the tests. This conclusion confirms the observations of
mathematics educators (Groff, 1994;' Orton, 1987) that students have difficulties
with fractions in the elementary schools.

The contradictions of the finding of this current study with Duncan et al
(cited in Ocran, 2001) and that of Ocran (2001); and its confirmation of the
findings of Anderson (cited in Dessart & Suydam, 1978) may have some
theoretical implications. The investigator is inclined to support the views of Post
and Ott (cited in Ocran, 2001) that if both methods and procedures (the EF and

the LCM methods) are taught properly, each will produce equally good results.



69

i1) Results of Tests on Addition of Fractions

Hypothesis 2 postulated that there is no significant difference between
the mean scores of the EF and the LCM Groups on tasks involving the addition of
fractions on the posttest.

The result of the analysis of covariance comparing the groups (See Table 7)
showed that there was no significant difference in performance between ihe JSS
Form One students using the EF method and the LCM method on the addition of
fractions. Similarly, the result of the analysis of covariance (See Table 13)
comparing the mean scores of the EF and the LCM Groups on the retention test
administered two weeks after the post-test was not significant. Despite these
results, the mean scores of the EF Group were higher than those of the LCM
Group on the posttest and the retention test (See Tables 8 and 14). However, the
raw scores of the EF and the LCM Groups on the addition of fractions
(Appendices Q and R) with their respective mean scores (See Table 3) showed
the relatively low achievement levels of the students. This observation is an
indication that the students had difficulties with the concept. The difficulties of
the concept confirms the conclusion of Howard (1991} who had noted in the
USA that teachers in grades four to ten were aware of the difficulty students have
with fractions in general and with addition of fractions in particular.

About 42 students out of the sample of 101 of the EF Group, coﬁstituting
about 41.6 percent were able to compute Questions 1 and 5 correctly on the
posttest (See Appendix D). Incidentally, this percentage is the highest for this
test. For the LCM Group, 34.9 percent, the highest percentage of students,
obtained full marks for Question 1. (See Appendices S and T). Appendix M

showed the cases of students who computed the addition of fractions by placing
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the sum of the numerators over the sum of the denominators. These cases
dropped from 32.5 percent of the total EF Group on the pretest to 8.6 pércem on
the posttest, and from 10.2 percent of the total LCM Group on the pretest to 10.1
percent on the posttest. The prevalence of these cases, even after the treatment
session. confirms the finding of Lankford (as cited in Howard. 1991) that
students who had been taught basic fractional concept and operations - and who
seemed to have a good grasp of the concept of fractions - still persisted in the use
of a ‘top + top” over ‘bottom + bottom’ algorithm when asked to solve addition
problems symbolically. The tendency of students to solve addition problems this
way was also confirmed by Saenz-Ludlow (1994). From the results of the
National Assessment of Educational Progress (NAEP) he found that 13-year olds
and 17-year olds added numerators and placed the result over the sum of

denominators for the solution of fractional addition problems.

(1i1) Results of Tests on Subtraction of Fraction

Hypothesis 3 postulated that there is no significant difference between
the mean scores of the EF and LCM Groups on tasks involving the subtraction of
fractions on the posttest.

The result of the analysis of covariance comparing the two groups, as
shown in Table 9, was not significant. This means that there was no significant
difference in performance between the JSS Form One students who used the EF
method and the LCM method on subtraction of fraction tasks. Similarly, the
result of the analysis of covariance (See Table 15) comparing the mean scores of
the EF and the LCM Groups on a retention test administered two weeks after the

posttest was not significant. In spite of these results, the mean scores of the EF
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Group were all higher than those of the LCM Group on the posttest. However.
not all the mean scores of the Equivalent Fractions Group were hi gher-than the
mean scores of the LCM Group in the retention test. In addition to these
observations, the raw scores of the EF and the LCM Groups on the subtraction of
fractions and théir mean scores (Sec Appendices U & V and Table 4) again
showed the relatively low achievement ievels of the students. This observation
buttressed the fact that the students had difficulties with subtraction of fractions
too. Appendix M also showed the cases of students who computed the
subtraction of fractions by placing the aifferences of the numerators over the
differences of the denominators. These cases dropped from 23.1percent of the
total EF Group on the pretest to 4.5 percent on the posttest; and from 9.5 percent
of the total LCM Group on the pretest to 7.6 percent on the posttest.

The frequency of marks obtained by students for each question is
summarised in Appendices S and T. Questions 6 to 10 in cach test constitute
section B, all of which are subtra ctipn items. These appendices showed that even
half the numbers of students in each group answeted no question correctly to
merit the award of full marks. 'or instance, the Question 10, the item requiring
regrouping, was one of the questions the students found difficult to compute. |
From the EF Group, for instance, twelve out of the 101 students, forming about
11.9 percent of the sample, computed the Question 10 correctly on the pretest,
whilst about 69.3 percent scored zero. On the posttest about 26.7 percent were
able to compute item ten correctly, whilst 47 percent scored zero. On the
retention test the percentage of students computing the item ten cofrectly dropped

to 12.9 percent, whilst 44.6 percent scored zero. May (1970) confirmed that



these regrouping procedures are difficult and advised that students should be
given many problems until they understand each step.

The difficulties showed by the students on the addition and subtraction of
fractions in this study confirm the results of the Ghana Criterién-.Referenced
Tests (CRT) for 1992, 1993 and 1995 (CRT UNIT, PREP, 1993, 1995). These
poor CRT results are against the background that in the primary schooi
mathematics syllabus (CRDD, 2001) procedures for adding and subtracting
fractions are mainly in EF method. Therefore, the primary six pupils wﬁo wrote
the CRT might have learnt and used the EF method for more than one academic
year before writing them. The fact that students’ difficulties surfaced again at the
JSS Form One even when their teachers had abandoned the EF method for the
LCM method strengthens the significance of the result of this study.

Thus, the finding of this study that there was no significant difference
between the performance of the JSS Form One students who used the EF and the
LCM methods on the addition and subtraction of fraction tasks may reflect the
true picture of affairs on the ground.. In the light of the difficulties students face
in the learning of addition and subtraction of fractions, the investigator of this
study tends to agree with the cautions and suggestions of Payne, Rowan and
Towsley (1990) and Vance (1992). That is, concept develops slowly over time,
and as such teachers need to make major adaptations to textbooks sincé no
current textbook includes sufficient developmental work on concepts. Thus, a lot
of teaching time may have to be given to the teaching of addition and subtraction
of fractions. These concepts may have to be intreduced only after the conce;pts of
adding; subtracting, multiplying and dividing whole numbers are firmly

established and rooted. In addition, as Vance (1992) suggested, students need to
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be provided with many opportunities to make connections among spoken.
physical and symbolic representations of numbers to enhance the learning and

teaching of addition and subtraction of fractions in the basic schools.

SUMMARY

The chapter was devoted to summarising the results of the statistical analyses of

this study. The decisions as to whether 10 retain or reject each hypothesis and

discussions on the research findings had been highlighted. The summary of
decistons made, on the basis of the findings, regarding the retention or rejection
of proposed null hypothesis, is as follows:

(1). Hypothesis 1: There was no significant difference between the mean scores
of the EF and LCM Groups on addition and subtraction of fraction tasks on
the posttest. This finding confirms the findings of Anderson (cited %n Dessart
& Suvdam, 1978) but contradicts that of Ocran (2001)

(11). Hypothesis 2: There was no signiﬁcant difference between the mean scores
of the EF and the LCM Groups on tasks involving the addition of fractions on
the posttest. Though the ad;usted mean scores of the EF Group were higher
than those of the LCM Group the difference was not significant.

(ii1). Hypothesis 3: There was no significant difference between the mean

scores of the EF and LCM Groups on tasks involving the subtraction of fractions

on the postiest. Even though the adjusted mean scores of the EF Group were
higher than those of the LCM Group the difference was significant.

(iv). Hypothesis 4: There was no significant difference between the mean

scores of the EF and the LCM Groups on addition and subtraction of fraction

tasks two weeks after administering the posttest.
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(v). Hypothesis 5: There was no significant difference between the mean
scores of the EF and the LCM Groups on tasks involving the addition of
fractions two weeks after administering the posttest. Despite this result, the
adjusted mean scores of the EF Group were higher than those of the LCM
Group but the difference was not significant.

(vi). Hypothesis 6: There was no significant difference between lie mean
scores of the EF and the LCM Groups on tasks involving the subtraction of
fractions two weeks after administering the posttest.

(vii). Hypothesis 7: There was significant difference between the mean scores
of the pretest and the posttest for the EF Group. This result showed that the
treatment on the EF Group yielded some dividends.

(viii). Hypothesis 8: There was no significant difference between the mean

scores of the pretest and the posttest for the LCM Group.

(ix). Hypothesis 9: There was no significant difference between the mean

scores of the posttest and the reterition test for the EF Group.

{(x). Hypothesis 10: There was no significant difference between the mean

scores of the posttest and the retention test for the LCM Group.




CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS
Overview

Students in the basic schools in Ghana experience lots of difficulties in
computing tasks on the addition and subtraction of fractions. These difticulties
have been confirmed by the Criterion-Referenced Tests (CRT) for 1992, 1993,
1995 and the chief examiners’ report on mathematics (Amissah, 2000; CRT
UNIT, PREP, 1993, 1995; WAEC, 1991, 1993, 1994 & 1999). The survey on the
work of JSS Form One students on addition and subtraction of fractions in a few
selected schools in Accra in November 2002, by the investigator of this study
also confirmed these difficulties. The survey showed that the students computed
these tasks using the LCM procedures.

However, systematic procedures for the use of the EF method for adding
and subtracting fractions have be:n (_)utlined in the primary and JSS mathematics
syllabuses (CRDD, 2001). Therefore, the investigator was concerned ﬁbout the
continued use of the LCM method by the teachers at the JSS. The investigator
was of the opinion that the Equivalent Fractions procedures as presented in the
syllabuses, if followed by the teachers, might be effective in reducing the
difficulties of learning fractions. The purpose of this study, therefore, \;zas to
compare the effect of the use
of the EF and the LCM methods on the performance of students on tasks
involving the addition and subtraction of fractions in Junior Secondary Form One
in Accra. The comparison was to ascertain whether one of the methods was

significantly superior to the other.

75

e i a4 mee e e



70

The existing assembled classes of Form One students of Kaneshie ‘37 JSS
and Kaneshie *17 JSS were used intact in the study. Kaneshie *3” JSS. witha
number on roli of 110, was assigned to the EF Group, whilst the Kaneshie *17
JSS, with an enrolment of 120, was assigned 1o the LCM Group. Kaneshie ‘3°
JSS was assigned to the EF Group because it obtained the lower mean score in
the pretest. The EF Group School’s two streams Form One classes were
designated EF -1 and EF - 2. The EF -2 obtained the higher mean score in the
pretest. Similarly, the LCM Group School’s two streams Form one classes were
designated LCM -1 and LCM —2. The LCM —2 had the higher mean score in the
pretest. The EF —1, with mean score of 14.22, was paired with the LCM ~1, with
a mean score of 20.75. The EF -2, with a mean score of 16.69, was paired with
LCM -2, with a mean score of 23.09. These pairings were done for the purposes
of the treatment session and comparisons in the study.

The EF Group received instructions on addition and subtraction of fractions
using the EF method; and the LCM Group was taught using the LCM method.
The investigator briefed the mathematics teacher of the EF Group on salient
points of the EF method to enable her carry out the treatment session effectively.
The EF Group teacher has got nine years teaching experience as a JSS
mathematics teacher. The LCM Group teacher, with two years teaching
experience as a JSS mathematics teacher, however, continued to use the
traditional LCM method for instructions during the session. After two weeks of
instructions a posttest was conducted. After a retention period of two weeks
during which no instructions were given to the groups, the students wrote a
retention test. The posttest and retention test scores were analysed to determine

whether there was any significant difference in performance between the students
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who used the concept of EF and the LCM procedures. The analysis of

covariance was used to test hypotheses 1 to 6; whilst a dependent t-test was

employed to test hypotheses 7 to 10. Since the existing groups of the two

schools were used intact and were assigned to the EF and LCM Groups on the

basis of their pretest scores, the analysis of covariance was used in order to

compensate for any variations that might have existed initially between the two

groups. The mean scores referred to in hypotheses 7 to 10 were for the same

group of subjects who were not randomly assigned; therefore, a dependent t-test

was used to test them. The major findings in this study were as follows:

1.

[ P8

There was no significant difference between the mean scores of JSS Form
One students who used the EF method and the LCM method on tasks
involving the addition and subtraction of fractions in the post-test. This
finding confirms the finding of Anderson (cited in Dessart & Suydam,
1978), but contradicts that of Ocran’s (2001).

There was no significant difference between the mean scores of JSS Form
One students who used the EF method and the LCM method on the
addition of fractions on the posttest. Even though not significant, the
adjusted mean scores of students who used the EF method were higher
than the means of those who used the LCM method.

There was no significant difference between the mean scores of JSS Fbrm
One students who used the EF method and the LCM method on
subtraction of fraction tasks. Though the adjusted mean scores of
students who used the EF method were higher than the means of those

who used the LCM method the difference was not significant.
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There was significant difference between the mean scores of the pretest
and the posttest for students who used the EF method on the addition and
subtraction of fractions. The higher adjusted mean scores of the posttest
scores support this finding.

There was no significant difference between the mean scores of the
pretest and the posttest for students who used the LCM method on the
addition and subtraction of fractions.

There was no significant difference between the mean scores of the

posttest and the retention test for the EF Group.

Conclusions

From the results of this study, the following conclusions could be
drawn.
There was no significant difference between the performances of the JSS
Form One students who used the EF method and the LCM method on
tasks involving the addition and subtraction of fractions. This finding
confirms the findings of Anderson (cited in Dessart & Suydam, 1978).
Thus, from the inconsistency of this current finding with the findings of
Duncan er al (cited in Ocran, 2001) and that of Ocran (2001), it could be
concluded that if both methads were taught effectively, each would
produce equally good results. This conclusion confirms the theoretical
assumptions of Post (cited in Ocran, 2001).
The performance of the JSS Form One students who used the EF method
on tasks involving the addition and subtraction of fractions was higher in

the posttest than in the pretest. But there was no significant difference
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between the posttest and pretest mean scores of students who used the
LCM method. These findings showed the presence of the cross-over
effect (Christensen, 1980), and confirms the fact that the EF Group had
some gains over the LCM Group even though not significant.
Considering the performance levels of the students on addition of
fractions separately from the subtraction of fractions, there was no
significant difference between the achievements of the students who used
the LCM method and the EF method. This finding confirms the earlier
conclusions - and buttresses the theoretical assumption of Post (cited in
Ocran, 2001) - that, if taught properly, there would be no significant
difference between the mean scores of the users of the EF method and the

LCM method.

Recommendations

It is envisaged that the results of this study might impact positively on the

Ghanaian basic mathematics curriculum and bring about better and deeper

understanding for addition and subtraction of fractions. In the light of the

findings in this study the investigator proposes the following recommendations.

1.

Curriculum developers must improve upon both the EF and the LCM
methods in the JSS and the primary school syllabuses and textbooks.
The two procedures (the LCM and the EF methods) need to be explained
thoroughly in teacher’s handbooks so that teachers who decide to opt for

any one may use the steps effectively for the benefit of the students. |
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Lots of study m:z’nerials such as handouts on the EF method and the LCM
method are made available to all pupils and students who are studying the
addition and subtraction of fractions.

The Mathematics Association of Ghana and heads of schools need to
organise in-scrvice training courses for mathematics teachers and acquaint
them with the salient points and procedures of the two procedures
adequately. This training may enable practising teachers to update their
knowledge on the two methods and make meaningful choices for ahy one
of them.

Teacher training institutions could include the exploration of both the EF
and the LCM methods in their programmes; and require trainees to be
well acquainted with the two methods for adding and subtracting

fractions.

Suggpestions for Future Research

In redesigning this study, the following recommendations should
be considered.
The sample size should be improved and the number of teachers to be
engaged be increased adequately. A much larger size would enhance the
validity of the findings. Different environmental settings (namely, urban
or rural) are suggested for a future study at the same time.
It is suggested that the selected group of subjects for a future study be
stratified 1o include boys only, girls only, the gifted and the less gifted

separately.
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The two weeks of instructions of 40 minutes per day for this study might
have been too brief. A future researcher may increase the instructional
time and include the measurement of the speed of the subjects.

Daily scripted lesson notes and handouts should be given to teachers
engaged in the study 1o practise for a longer period of time before the
treatment session.

A close-circuit TV may be used to capture the treatment lessons for the
necessary viewing by a future researcher in order to ensure the use of the
lesson notes as planned. In order to control observer distraction, the

investigator failed to observe the teachers directly.
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APPENDICIEES

APPENDIX - A

(i EF. Group (N = 101)

Distribution of Occupation of Parents of Subjects

Occupation Frequency % Frequency o
Of Father of Mother
Public Servant 27 26.74 7 6.93
Farming 5 495 1 0.99
Business/Trading 21 20.79 79 78.22
Artisan 42 41.58 12 11.88
Forces 5 4.95 - -
Herbalist - - - -
Chiefl - - - .
Not Specified I 0.99 2 1.98
Total 101 100% 101 100%
(in LCM. Group (N = 106)
Occupation Frequency Yo Frequency Y%
of Father of Mother
Public Servant 24 22.605 10 9.44
Farming 10 9.44 I 0.94
Business/Trading 25 23.58 92 86.79
Artisan 4] 38.68 3 2.83
Forces 3 2.83 - -
Herbalist ] 094 - -
Chief 1 0.94
Not Specified 1 094 - _
Total 106 100% 106 100%,
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APPENDIX - B

Sex/Age Distribution of Subjects (EF & LCM Groups)

(i) EF Group (N = 101)

Age Male % Feinale %
12 1 2.5 7 11.5
13 10 25 21 34.4
14 13 32.5 21 344
5 8 20 4 6.6
16 4 10 5 8.2
17 3 7.5 3 4.9
18 1 2.5 - -

19 - - - -

20 - - - -
Total 40 100% 61 - 100%

{i1) LCM Group (N = 106)

Age Male % Female %
12 4 8.7 4 6.7
13 10 21.7 25 41.7
14 12 26.1 14 233
15 14 304 11 18.3
16 4 8.7 6 10.0
17 1 2.2 - -

18 - - - R

19 - - - R

20 1 22 - -
Total 46 100% 60 100%
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#) Mean Age of EF Group = Total Ave of Subjects
10}
= 1419
101

= 14.039

=~ 14yrs
Standard Deviations ($D) = | £x*- (g,_\ciz

v AN

Where ¥X2=20117: ¥X = 1319

SD={ 20117 - (141912
Jror Do)
=1.338 =134
(b) Mean Ape of LCM Group ~ 1487

106
- 145,028

=14 vrs.

SD = | 21037 (148770
Y06 noj
=1.2923



APPENDIX C

J.S.S. FORM ONE PRETEST TIME: 40MINS

The purpose of this test is purcly an exercise to collect information for a rescarch

work. The result will not bz used in any way to assess or grade you, Feel freeto

respond to all the items.

d.

b.

School

Index Number

Sex: Male |:l Female D
Age:

What is the occupation of your parents?

(1) Father:

(ii) Mother:

ANSWER ALL THE QUESTIONS IIN SECTIONS A & 1B ON YOUR

ANSWER SHEET.

All working must be cleadiy shown. Give answers in their simplest form.

SECTION A

Find th= followingz sums.

3 I . 2 14
. — ~ — L,

6 6 5 3
- 201 , 23
30—+ - 4, =+

303 9 6
< :)_i_[.l_

A

2



Do the following subtractions.

6. L
10 10
5. 2.2
4

3 2

10.32-1=

SECTION B

5 _1
12 3
n_2
15 6



APPENDIXN D
J.5.S. FORM ONEPOST-TEST  TIME: JOMINS
The purpose of this test is purelv an exercise 1o collect information for a rescarch
work. The result will not be used in any way to assess or grade ou. Feel free to
respond to all the items.

A School:

B Index Number

C Sex: Male [:l Female {:]

D Age:
E What is the occupation of vour parents?

(1 Father;

(11) Mother:

ANSWER ALL THE QUESTIONS IN SECTIONS A AND B ON YOUR
ANSWER SHEET.

All working must be clearly shown. Give vour answers in their simplest form.

SECTION A

Find the following sums.

L5 , 15,3
14 14 42 7
< 5 | 7 3

3. i.;,: 4. -—-:~-3-
17 3 i0 6

5 3-]—+I—3—

g 10



Do the following subtractions.

13 11

o
I
i
|

SECTION B

6 3



APPENDIXNE

J.8.5. FORM ONE RETENTION TEST TINIE: 20MIENS

a¢t informatian fora research

he purpose of this test is purely an exercise 1o col

werk, The result will no: be usad {n anv way to assess or grade vou Feel fres to

B [ndex Number

ANSWER ALL THE QUESTTONS IN SECTIONS A AND B ON YOUR
ANSWER SHEET.

All worldrg must be clearly shevm. Give your answers 1 the sumplest form.

Find the followlng summs:

Lo T2
020 IR TR,

o :' E i 1_1__:

G S
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SECTION B
Do the following subtractions:
; 7 4
(). E_i 7 :‘_‘_
12 12 3 9
5 3 5 7
§. 22 -
7 6 10
10, 3212



APPENDIX - F
Computation of the Co-cfficient of Reliability

Formula Used: Cronbach Alpha Formula

moo= [_R_J [I-.u_“ SD?)
K-l SD?,

Where K = number of items
SD?,= Variance of items

Y (SDZ; ) = Total of variances of cach item

i) Pretest
K=10; SD%, = 84.294; Y (SD%)=18.325
=0.87
i) Post-test
K=10; SD%, = 59.76; ¥ (SD%)=17.2701
mo =10 [ ! —y._zz.o_l]
9 59.76
=0.79

iii) Retention Test

K=10; SD?, = 69.347; Y. (SD%)=15.395
mo =10 [ - .15_692]
9 69.347
=0.86
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APPENINX G

MARKING SCHEME FOR TS TS

301
] —f -
(1) 6 O
341 R
T e b ]
+
A I
)
22 |
3
2 1
3 -
& 3 5
SI(H-S 3
15
B |
15
2
Sy 2=41—
(3) ¥ 12
042
_3,1.____._,.
24
N
24

G

......

LA
(4) } ’ (ll
At

ig_.._
. 14
18

1/ .
]/IH .......

(Alternative Method)
21
(5) 2 4
g 12
1 13
K02
57 20 5

24

%3
4
|

N

24



(10 32 -1
]

2
3

9-10
15

'l

ta)

et

.
1)

100

(Alternative Method)

3 2
(10) 32-1=

J J
_18 5 |
- '?_'g .....
54 =25
= — 3
15
29
=— ... 1
15
P s
Post-test (LCM Method)
(zy 15+3
472 7
=15+18 3
42
= 33 .
42
LIBr ALY
ATTlITY GFECAFDZ Coery



(6)

LI

Il
£
2o

3'/3'5' ]3/10

=3+ 1)+ (s+ )

—
L2
1
—
—

I
l

—
=)}
—
=

Il
gl LS

il

La

La

(4)

14
7+3
10 6
=21+25 3
30
x@ 1
30
5
=18/|5 ...l

(5) (Alternative Method)

3]/3'5']3/;0
=25+13 .
g 10
=125+52 2
40
= 177 1
40
= 4"/, 1
(7 -2
6 3
—7-4 3
6
=3 .1
6
=1 .
2
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(3)

(6)

L2 (b

Il
Yt
i 194
+
wn (W
g 5

Il
—_
Ln
+
[#5]
Py

3+ 13

=G+ D+ + o)

)

fl
[
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I
n
3]

(N

(Alternative Method)

3+ 10

[ )

l

=25+
g 1

e

=125+52
40 40

125+ 52
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~J
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(8)

Nelie]

A=
=
|

I
]
]
73]
N

el &

Wt

t
O8]
=

I~
N

45

w

12
I
L]
=)
1

t

(10)  (Alternative Method)

1 5 -3
= 4% — 3,
.2 =(4=3)+1-"15)
i =1+45-§
40 40
] = 1+45-8
40
1 = 137Jf40

Retention Test (LCM Method)

(2D71+6
15 30

=14+6
30

DJII\J
oo

L kD

.
—

L

104



(3)3'7,+ 2,

=(3+2)+3+2
12

= 55/12

LI

L

L

(411 +2
18 4

=22+ 18 3
36

=40 1
36

=10 1
9

=1"% o

(5) (Alternative Method)

3, +2Y
=13+13 1
4 6
=39 +26 2
12
=65 1
12
=5, ]
(NH7-4
39
=21-4 3
9
=17 . ]
9
= 1%, 1



(10) 3"/ = 15

=(3-1)+5=9
15

(H3+7
20 20

L2

)

(10) (Alternative Method)

3 =13

=10-8
3

wn

Retention Test (Equivalent Fractions Method)

(2)7+6
15 30

=14+6
30 30

= 14+6.

0

LS ]

=20
0

%]

o I

(%)
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=20+ 14 2

35 35

=20+ 14 1
35

=34 ]
5

(5)3',+ 2

= +2)+ (% + 'lg)

L ¥S]

+2
212

6)11-5
12 12

]
I
tJd

-
el
ta

il
~J
b2
4
)

=] I/t) ]
(5) (Alternative Method)
3+ 2Y,

=13 +

It
)
S
-z
b2
fony]
~

2

107



8)3-3
75

4
21

I
g

I
]
Ln

'
[A]

—_

Ll
L%,

[
(VRN

(10) 3'55— 14
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(10} (Alternative Method)

3~ 13

=2% - 1%/

=2-1)+ (-1



APPENDIX H
DAILY RECORD OF INSTRUCTIONAL ACTIVITIES FOR THE

EQUIVALENT FRACTIONS METHOD.

FIRST SESSION

DURATION: 40 MINUTES

REFERENCE: Ghana Mathematics Series, JSS, Pupil’s Book One, Pp. 71-84.
TOPIC. Equivalent Fractions

Objective: By the end of the lesson students should be able to generate
equivalent fractions for any given fractions using the centimeter dot paper.
RPK: Students can locate and plot points on graphs.

Teaching/ Learning Materials: Centimetre Dot Paper

Teaching/ Learning Activities:

Step 1. Teacher locates sets of equivalent fractions, using letters, on the
centimeter

dot paper. Teacher assists students to 1dentify and write down a set or more of
such equivalent fractions on the blackboard (bb). Teacher asks students to write
the remaining sets shown on the centimetre dot paper into exercise books.
Teacher goes round to help students in difficulties and discusses the answers on
the bb.

Step 2. Teacher writes selected tractions on the bb., for example, Wits Uy Y.
Teacher asks students to locate and plot each of the given fractions; and two more
equivalent fractions of each on the centimetre dot paper. Teacher goes round to

help students in difficulties, and to discuss answers with them on the bb.

109
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Step 3. Teacher writes sclected fractions, with their numerators (or denominators)

left blank, onthe bb. Eg.2)2 = [ ] b)
3 6
Teacher asks students to fill in the blank spaces using 1

_lz
5

:Dlw

e centimetre dot paper

and discusses the answers,

Step 4. Evaluation. Teacher asks students to do the following exercises into

exercise books for corrections.

1. Which of the fractions in the following set does not belong to it?

L2 3 a4 }
{ 2 4 5 8
Find the fraction for the blank space in the following set.
o2 — ¢ — +
8 16 32
3. Write true or false against the following statement: 8§ =2
12 3

N

SECOND SESSION
DURATION: 40 MINUTES
REFERENCE: Ghana Mathematics Senes, ISS, Pupil’s Book One, Pp. 71-84.
Topic Addition and Subtraction of Fractions.
Objective: By the end of the lesson, students should be able to compute the

addition and subtraction of two fractions, one whose denominator is a factor

of the other.

PK: (i) Students can compute the addition and subtraction of fractions with
same denominators (i} Students can locate and plot fractions and their
equivalents on the centimeter dot paper.

Teaching /Learning materials: Centimetre dot paper

Teaching /learning Activities:

Step. 1 Teacher writes the following one after the other on the bb.
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i)1+3 )3+2  (i)7-4
55 8 8 10 10

Teacher asks students to compute each example and mention the result, Teacher

asks students to show working on the bb.

Step 2. Teacher writes 1 +

-

J

on the bb and asks students whether the method

|~

used for example in Step 1 can be applied here and why? Teacher guides
students, using the centimetre dot paper to rename %as%and asks students to

cempute Zf(, +l/(, for l/3+ I/(,

Teacher discusses the resuft with students.

,, .. 2 3 .
Step.3. Teacher writes =+ — on the bb and asks students to use the centimetre dot
5 10
2 . . .
paper to rename -3 with the appropriate denominator. Teacher asks students to

L2 3 . . . .
rewrite 3 + To using the appropriate denominators and compute the sum. Teacher

discusses the answer.

Step 4. Teacher writes ];+ % on the bb and asks students to compute it into

jotters,
using step 3 procedure. Teacher goes round to assist students in difficulties and
to discuss solution on the bb.
Step 5. Teacher writes 2 - 3 on the bb.
5 10

Teacher discusses question with students using step 3 results and writes

2-3 as 4-3

5 10 10 10
Teacher helps students to compute work and discusses the result.

Step 6. Teacher writes - 3/,, on the bb and asks students to use step 4

procedure to compute it. Teacher goes through the solution with children to help

them correct their errors.
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Step 7. Evaluation. Teacher asks studemts 1o compute the following quesiions inio

exercise books for corrections.

1. 4+

10

o

1 Jo—e
13 [t
in fome
el
ol
]
AP

THIRD SESSION

Duration: 40 minutes

Reference: Ghana Mathematic series. JSS. Pupil's Book One. Pp 71-84.
Topic. Addition and Subtraction of Fractions.

Objective: By the end of the lesson students should be able to compute the
addition and subtraction of two tractions whose denominators and relatively
pnme.

RPK: (1) Smudents can generate equivalent fractions using the centimetre dot
papar Teaching/Learning matenals: Centimetre dot paper
Teacher/Leamning Activities:

Step 1. Teacher writes the following examples one after the other on the bb.

W++1 @@ 2-
15 3 16

[Z-N VP

Teacher asks students to compute the examples one after the other and discusses

solutions on the bb.

Step 2. Teacher writes I + 1 on the bb and assists students using the centimetre

53 2
14

dot paper to rename I7;as /e and %4 as /g

and discusses the solution with students on the bb.

Teacherwrtes 1 +1=2 +
5

[=A B[
[ N [9F]

s =

’) -
Step 3. Teacher writes — + 1 on the bb and asks students to use the centimelre
35

dot paper to rename given fractions. Teacher discusses students’ resuits and
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ensures denominators arc the least ( led). Teacher asks students to compute the

renamed fractions and discusscs the result

Step 4. Teacher writes 2 — 1 on the bb and discusses it using the results of step 3.
35

.2
Teacher rewrites 5 - l-as .1_0 _

— and gui i
5713 nd guides students to compute it.

< .21
Step 5. Teacher writes 37300 the bb and asks students to use step 4 procedure
J

to compute it. Teacher goes through the solution with students on the bb.
Step 6. Evaluation: Teacher asks students to work the following questions into
their exercise books for correction.

nl+1 2)2 +1 3)
5 2 5 3

el [ S]
SN b

FOURTH SESSION
Duration: 40 minutes
Reference: Ghana Mathematics Series, ISS, Pupil’s Book One.
Topic: Addition of Fractions.
Objectives: By the end of the lesson students should be able to compute the
addition of two fractions whose denominators have common factors.
RPK: i) Students can generate equivalent fractions using the centimetre dot paper
(i1) Students can work the addition and subtraction of fractions whose
denominators are relatively prime.
Teaching/ Leamning material: Centimetre dot paper
Teaching/ Learning Activities:

Step 1 Teacher writes the following examples one after the other on the bb and
asks students to compute them.
M1+ 1 (i)2-1

4 3 53
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Teacher discusses the solutions with the students on the bb

Step 3. Teacher writes %‘* é on the bb and asks students to use the centimetre
dot paper 1o rename the given fraction. Teacher discusses students’ results and
ensures denominators are the least (led). Teacher asks students to compute the

renamed {ractions and discusses the solution on the bb.

Step 4. Teacher writes 3 + 1 on the bb. and asks student to compute it nising the
10 4
centimetre dot paper. Teacher goes round to assist students in difficulties.

Step 5. Evaluation. Teacher asks students to work the following questions into

exercises books for corrections

)l +3 i) 1t+3 3) I+3
6.4 9 6 10 4
FIFTH SESSION

Duration: 40 minutes

Reference: Ghana Mathematic Series, JSS, Pupil’s Book One. PP 71-84

Topic: Subtraction of Fractions

Objective: By the end of the lessoﬁ students should be able to compute the
subtraction of two fractions whose denominators ha\;e common factors.

RPX: Students can add two fractions whose denominators have common factors
Teaching/ Leaming Activities:

Step 1. Teacher writes the following examples one afier the other on the bb.

D2+l i3 +1
6 4 10 4. Teacher asks students to compute the examples

and discusses the solution on the bb.

: : 1
Step 2. Teacher writes % - -16— on the bb. and guides students 10 rename - "'é as

3 2

12 12
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Teacher discusses the solution with the students noting the lcd concept.

- o201 ’
Step 3. Teacher writes 37 om the bb. and asks students to rename the given

fractions using the appropriate least common denominator. Teacher discusses

the results and asks students to compute the renamed fractions. Teacher discusses

the answer.

Step 4. Teacher writes g—% on the bb.

Teacher goes round to assist students with difficulties, and discusses the solution

on the bb.

Step 5. Evaluate: Teacher asks students to work the following questions into their

exercise books for corrections.

)35 -2 3 -1 ) 7-1
9 6 4 6 10 4
SIXTH SESSION

Duration: 40 minutes

Reference: Ghana Mathematics Series, JSS Pupil’s Book One PP. 71-84

Topic: Addition of Fractions.

Objective: By the end of the lesson students should be able to compute the
addition of two mixed numbers of various types.

RPK: Students can add two fractions whose denominators have common factors
Teaching/ Learning Activities:

Step 1. Teacher writes the following examples one after the other on the bb and
asks students to compute them.

1+1 i3+1

4 6 10 6
Teacher discusses the solution with students on the bb.
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. i 1
Step 2. Teacher writes 1 '3 +1'/; on the bb ang guides students through

discussions to rearrange. 1 % + 1Y, = (1-+ 1)+ (% + %)
=2+ %+

Teacher guides students to rename % as %/, and rearrange 1 ¥: + 1 Va

=2+%y +Va=2%
Step 3. Teacher writes 2 % -+ 1 '/3 on the bb and guides students to express it as

in step 2. Teacher asks students to rename the fractional part (/2 +'/3; and guides

students 1o rearrange work as follows:

2Va+ 1= @)+ Clo+2le) = 380=3 .

Step 4. Teacher writes 3 '/; + 2 % on the bb and asks students to compute it using
steps 2 and 3. Teacher goes round and assists students with difficulties and
discusses the solution on the bb.

Step 5. E‘.Jaluation: Teacher asks students to work the following questions into
their exercise books for corrections.

N12%5+2 " i) 21543002 Y+ 11

SEVENTH SESSION

Duration: 40 Minutes

Reference: Ghana Mathematics Series. JSS Pupil’s Book One Pp 71-84

Topic: Subtraction of Fractions

Objective: By the end of the lesson students should be able to compute the
subtraction of two mixed numbers requiring no regrouping
RPK: Students can subtract two fractions

Teaching/ Learning Activities:

Step 1. Teacher writes the following example one after the other on the bb. and

asks students to compute them
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) 3-1 2 -1
8§ 6 5 3
Teacher discusses the solutions with the stud=nts on the bb.

Step 2. Teacher writes 3 %2 -1 % on the bb, and through discussions guides

~

students to rearrange 3 V2 - 1 Y4 = (3- 1) + (% - )
=2+ (% - %)

Teacher guides students 1o rename % as %/, and rearrange the work as Y % -1 4

=2+ (- %)

=2+ U=2%,
Step 3. Teacher writes 2 %/3-- 1 % on the bb and guides students to rearrange it as
in step 2, Teacher asks students to rename the fractional portions. Teacher
discusses the result and guides students to rearrange work as follows 2 1Y%=
Q-1+ (sle) =1+(1s=1"%)
Step 4. Teacher writes 3 4 - 2 710 on the bb and asks students to compute it using
steps 2 and 3 procedures. Teacher goes round to assist students with some
difficulties and to discuss the solution on the bb.
Step 5. Evaluation: Teacher asks students to work the following questions into
their exercises books for corrections.

D2%-1"% i)3'5-1" i) 5 2o —2 s

EIGHTH SESSION

Duration: 40 Minutes

Reference: Ghana Mathematic Series. JSS, Pupil’s Book One Pp 71-84,

Topic: Subtraction of Fractions.

Objective: By the end of the lesson students should be able to compute the

subtraction of two mixed numbers requiring regrouping.
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RP: Students can compute the subtraction of two mixed numerals requiring no
regrouping.

Teaching/Learning Activities:
o220 ]
Step 1. Teacher writes 35 lgon the bb and asks students to compute it Teacher

discusses the solution with students on the bb.

Step 2. Teacher writes 3 % - 2 % on the bb and guides students through

questioning to arrange work as follows 3 -2 % =13-35
4 2
e

as 10 and rearrange

teacher helps students through discussions to renam 10
: 4

5
2
workas3%-2%=13-10=3

4 4 4
Step 3. Teacher writes 2 '/3~ 1 % on the bb and guides students to rearrange work as
in step 2. Teacher discusses the results and guides students to arrange work as
follows:
2'h-1%  ="h-’h

6 06

o n

Step 4. Teacher writes 3 Ye—1 '/3 on the bb and asks students to compute it using
steps 2 and 3 procedures. Teacher goes round and assists students with

difficulties, and discusses the solution on the bb.

Step 5. Evaluation. Teacher asks students to work the following questions into

exercise books for corrections. i) 3 ¥ - 17/5 i) 2 Sho-1%iii)2 -1 %



APPENDIX |

DAILY RECORD OF INSTRUCTIONAL ACTIVITIES FOR THE LCM

METHOD.

FIRST SESSION

Duration: 40 Minutes
Reference: Ghana Mathematics Series, JSS, Pupil’s Book One, Pp. 71-84
Topic: Addition and Subtraction of Fractions. |
Objective: By the end of the lesson students should be able to compute the
addition and subtraction of two fractions, one whose denominator is a factor of
the other
RPK: (i) Students can compute the LCM of whole numbers. (it) Students can
compute the addition and subtraction of fractions with same denominators.
Teaching /Leaming Activities:
Step 1. Teacher writes the following questions one after the other on the
blackboard (bb).
Teacher guides students to compute the LCM for each given pair on the bb,
1. Find the LCM of 1), 6,9 ii). 4, 10.
Step2. Teacher writes the following items one after the other on the bb.
(1+3 (i3 +2 (i) 7 -4

5 5 8 8 10 10
Teacher asks students to compute each example and discusses solutions on the
bb.

Step 3. Teacher writes /5 + '/; on the bb; and guides students to find the LCM for

3 and 6 as follows: 3=3x[; 6=2x3; LCM = 2x3=6

119



120

Teacher discusses and guides students to arrange the work thus; 1 + 1
3 6
2+1=3 =%

3
6 6

Step 4. Teacher writes 2+3 onthebb,

5 10
Teacher guides students to find the LCM for 5 and 10 as follows: 5=5x1,

10=2x5; LCM=2x5=10.

Teacher discusses and guides students to arran ge the work thus: 243

510
4+3 =7
10 10

.. 1 5
Step 5. Teacher writes - +~1~Z on the bb. and asks students to compute the sum

using procedures in steps 2 and 3. Teacher goes round to help students in

difficulties and discusses the solution on the bb.

. 2 3 . o .
Step 6. Teacher writes 370 on the bb and discusses it with students using step

3 results.

Teacher arranges the work as follows on the bb.

B [N
L o (W
Hl_.

—d
[]

. 1 3
Step 7. Teacher writes PR on the bb and asks students to use step 5 procedure
to compute 1t. Teacher discusses the solution with students on the bb
Step 8. Evaluation. Teacher asks students to compute the following questions into
exercise books for corrections.

)4 +1 i) 3 +1 )8 -2
10 2 2 4 9 3
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SECOND SESSION

Duration: 40 Minutes

Reference: Ghana Mathematics Series, JSS. Pupil’s Book One pp. 71-84

Topic: Addition and Subtraction of Fractions.

Objective: By the end of the lesson students should be able to compute the
addition and subtraction of two fractions whose denominators are relatively
prime.

RPK: Students can compute the addition and subtraction of two fractions one
whose denomination is a factor of the other.

Teaching/ Learning Activities:

Step 1. Teacher writes the following questions one after the other on the bb, and
asks students to compute them. Teacher discusses the solutions with students on

the bb.

—

+

—

Step 2. Teacher writes on the bb and helps students to compute the LCM of

La |
B3|

2 and 3 as follows: 2= 2x1; 3= 3x lk; LCM =2 X 3 = 6. Teacher discusses and

arranges the, work as follows: 1+1
5 2
2+3 =5
6 6
Step 3. Teacher writes %+-;— on the bb and helps students to compute the LCM
2

of 3 and 5 as follows: 3=3x1;5=5x1; LCM =3 x 5 = 15 Teacher discusses

1 10+3 13

2
and arranges the work as follows: —+—= =—
= 3 5 15 15

Step 4. Teacher writes %—% on the bb and discusses it with students using the
J

results of step 3. Teacher guides student to arrange work as follows: 2 - 1
35
10 -3 =7

15 15
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Step 5. Teacher writes E - 5 on the bb, and asks students to use the step 4

procedure to compute it. Teacher discusses the solution on the bb with students.

Step 6. Evaluation: Teacher asks students 1o work the followiag questions into

their exercises books for corrections.

Hpl+1 1m2+1 i) 2 -1
5 2 5 3 3 2
THIRD SESSION

Duration: 40 Minutes

Reference: Ghana Mathematics Series, JSS, Pupil’s Book One, Pp. 71- 84,
Topic: Addition of Fractions.

Objective: By the end of the lesson students should be able to compute the
addition of two fractions whose denominators have common factors. .

RPK: Students can work the addition and subtraction of fractions whose
denominators are relatively prime.

Teaching/Learning Activities:

Step 1. Teacher writes the following examples one after the other on the bb; and

asks students to compute them. Teacher discusses the solutions with students on

the bh.
pl+1 my2 -1
4 3 5 3

Step 2. Teacher writes 1+ 1 on the bb; and helps students to compute the LCM

of 6 6 4
and 4 as follows: 6= 2x3, 4= 2x2, LCM = 2x2x3=12. Teacher discusses and

guides students to arrange work as follows:
1+ 1

[ S B N
Ly )

+

|

I
[\
N
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Step 3. Teacher writes 9 + ” on the bb, and guides students to compute the LCM

of 9and 6 as follows: 9 = 3x3; 6= 2x3,LCM = 2x3x3 = 18. Tcacher

discusses and guides students to arrange work as follows: +1
6
+ 3 =5
18 18

. 3 1
Step 4. Teacher writes 0 + 3 on the bb and asks students to compute the sum

1
9
2

using step 3 procedure. Teacher goes round to assist students in difficultics, and
discuss the solution on the bb.
Step 3. Evaluation. Teacher asks students to work the following questions into

exercise books for comrections.

I~

1.1 +
6

KT
e %]
o i~
ENT

N
—

FOURTH SESSION

Duration: 40 Minutes

Reference: Ghana Mathematics Series, JSS, Pupil’s Books One, pp. 71-84
Topic. Subtraction of Fractions.

Objective: By the end of the lesson students should be able to compute the
subtraction of two fractions whose denominators have common factors.

RPK: Student can add two fractions whose denominators have common factors
Teaching/l.earning Activities:

Step 1. Teacher writes the following examples one after the other on the bb, and
asks

students to compute. Teacher discusses the solution of each question with
students on the bb.

M2 +1 ()3+1
6 4 10 4
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STEP 2. Teacher writes 1 - ] on the bb, and helps students to compute the
LCM 4 4

of 6and 4 as follows: 6 =2x3;4= 2x2; LCM = 2x2x3 = 12. Teacher discusses
and guides students to arrange work as follows: 1 - 1
4 6
3-2=1

12 12

Step 3. Teacher writes 2 — 1 on the bb, and guides students to compute the LCM
9 6

of 9 and 6 as follows: 9 = 3x3;, 6= 2x3, LCM = 2x3x3 = 18. Teacher guides

students through discussions to arrange work as follows:

Step 4. Teacher writes 4_- 1 on the bb and asks students to compute it using the

10 4

procedure in step 3. Teacher goes round to assist students in difficulties and
-discusses the solution on the bb.

Step 5. Evaluation: Teacher asks students to work the following questions into
exercise books for corrections.

)5 -2 i) 3 -1 m) 7 - 1
9 6 4 6 10 4

FIFTH SESSION

Duration: 40 Minutes

Reference: Ghana Mathematics Series, JSS, and Pupil’s Book One Pp 71-84

Topic: Addition of Fractions.
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Objective: By the end of the lesson students should be able to compute the
addition of two mixed numbers of various types.

RPK: Students can add two fractions whose denominators have common factors.
Teaching /Learning Activities:

Step 1. Teacher writes the following examples one after the other on the bb, and
asks students to compute them. Teacher discusses the solutions with s'udents on
the bb.

iy 1+1 i) 341

4 6 10 6
Step 2. Teacher writes 1 ¥2 + 1 Y4 on the bb. for discussions. Teacher guides

students through questioning to re-arrange 1 %4+ 1 Y4 =(1+ 1) + (% + ')
=2 +U%+Y

Teacher guides students to compute the LCM of 2 and 4 as follows
2=2x1,4=2x2, LCM = 2x2=4.
Teacher guides students to arrange work as follows:

1Y%e+1% =2+%+W =2+2+1=2+3 =2 1%
Step 3. Teacher writes 2 %+ 1 '/3 on the bb. and guidf:s student: to rearrange 2
14+ 11/; as expressed in step 2. Teacher guides students to compute the LCM of
2and3as follows:2=2x1;3=3x1,LCM=2x3=6.

Teacher guides students to re- arrange work as follows:

2v+ 1 y= 2+ 1)+ (U+'B)=3+342=3+5 =37
6 6

Step 4. Teacher writes 3 e +2 3/¢ on the bb, and asks students to compute it
using steps 2 and 3 procedures, Teacher goes round to assist students in
difficulties and discuss solution on the bb.

Step 5. Evaluation. Teacher asks students to work the following questions into

exercise books for correction. 1) 1 2/3 +2 s ii)2%+3 '/6 iii) 2 Yo + 1 Ve



SINTH SESSION
Duration: 40 Minutes

Reference: Ghana Mathematics Series, JSS, and Pupil’s Books One. Pp. 71-84.

Topic: Subtraction of Fractions.

Objectives: By the end of the lesson students should be able to compute the
subtraction of two mixed numbers requiring no regrouping.
RPK: Students can subtract two fractions with various denominators.

Teaching/ Leaming Activities:

Step 1. Teacher writes the following examples one after the other on the bb.
Teacher asks

students to compute the examples and discusses the solutions on the bb. )
M - (i -1

3 06 5 3

~

Step 2. Teacher writes 3 % - | % on the bb. Teacher discusses and guides

students through questioning to re-arrange work as follows:
3 1% =(3-1)+ (Y-%)=2+% -%)

Teacher guides students to compute the LCM of 2 and 4 and re- arrange work as

follows:
3%B-1% =2+% -
2+ 2=1=2+%=2%
4
Step 3. Teacher writes 3 2/3 - 1 Y% on the bb and guides students to re-arrange the

work as expressed in step 2. Teacher guides students to compute the LCM of 2

and 3; and to re- arrange work as follow:

2% -1 =(2- )+(’/~—!3)
1 "\

6
=1+ lf(, =1 l/ﬁ
Step4 Teacher writes 3 % -2 '/io on the bb. and asks students to computc the

question using the steps 2 and 3 procedures. Teacher goes round to assist students

in difficulties and to discuss the solution on the bb.
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Step 5. Evaluation: Teacher asks students to work the following questions into

exercise books for corrections.

D2%-1" )35 -1 §iy5 Y, .2 Ve

SEVENTH SESSION

Duration: 40 Minutes

Reference: Ghana Mathematics Series, JSS, Pupil’s Books One, Pp 71-84.
Topic: Subtraction of Fractions.

Objective: By the end of the lesson, students should be able to compute the
subtraction of two mixed numbers requiring regrouping.

RPK: Students can compute the subtraction of mixed numerals requiring no
requiring.

Teaching / Learning Activities:

Step 1. Teacher writes 3 %/5 — 1 /5 on the bb and asks students to compute it.
Teacher discusses the solution on the bb.

Step 2. Teacher writes 3 ¥4-2 Y% on the bb, and guides students through

questioning to arrange work as follows: 3 % - 2%=13-5

Step 3. Teacher writes 2 '/; -1 % on the bb and guides students to arrange
work as in step 2. Teacher guides students to compute the LCM of 2 aad 3, assist
students to arrange work as follows: 2 'y -1% =7-3

32
i4-9 =
6

o Ibh
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Step 4. Teacher writes 37, - 17y o the bb and ask students to compule it using
steps 2 and 3 procedures, Teacher pocs rtound to assist students in difficultics and
diseuss the solution on the bh.

Step 5. Evatuation: Teacher il students to work the following guestions into

excrcise books for correction: i)3%-.17 i) 2 J/]r; VY m) 2, - )



APPENDIX }

COMPUTATION OF ADJUSTED MEANS

Statistical ool used for computations

Within groups sum of producis

Myo =My -b (M. - G M) where b= Within groups sum of squares on X

Myx = Adjusted mean: GM, = General means: M=Means of X:

My=Means of Y.

1). Table 6.

2) Table §

3) Table 10

1) LCM -1t b

Myx = 23.38 -0.16(20.75-17.55)=22. 87

i) EF -1,
My =25-88-0.16(14.22-17.49) =26.4

) LCM-2; b

221 =0.01

21141.5

[

iv) EF 2;
My, = 25. 25- 0.01 (16.69-19.98) = 25. 28

pLCM -1 b=1030.7=0. 14
7109.1
My, = 11. 94 - 0.14(11.29-9.5) =11.69

i) EF -1
M,y = 13.6- 0.14 - (7.54-9.5)

I

13. 87

i) LCM-2 b=2292 =0.04
5975.3
Myx=11.48-0.04(11.61-10.13)=11.42

iv) EF 2;
M, =13.27-0.04(8. 57~ 10.13) =13.33

HLCM - 1; b = 14159  =0.21]
6865.
My = 11.44 -0.21 (9. 46- 8.10) =11.15

129
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APPENDIX K
COMPUTATION OF ANALYSIS OF COVARANCE

Statistical tool used for computations.

. Txx — Total sum of squares on X

Tyy _Total sum of squareson Y

Tyy — Sum of products for total data

Fyx — Between groups sum of squares on X

Fyy — Between groups sum of squareson Y

Fyy — Between groups sum of products

Eux = Txx — Fxx: Within groups sum of squares on X
E\y = Tyy —Fy: Within groups sum of squares on y

Exy = Txy — Fyy: Within groups sum of products

TY? = Tyy - Ty 2. Adjusted total sum of Squares on y
Tx-
TY? = Ey— Exy) 2. Adjusted within groups Sum of squares
EXX

Item 10-Item 11: Adjusted between groups sum of squares.

. K-1: Degrees of freedom for adjusted between groups sum of squares

(K= Number of groups)
N-K-I: Degrees of freedom for adjusted within groups sum of squares
(N= Sample size).
Item 11: The within groups variance
N-K-1
Item 12: The between groups variance
K-i
Item 16: The within groups variance estimate
[tem 15

Hypothesis One: Pretest (x) — Post-test (y)

EF Group (N =50); >x =711,y =1294

LCM Group (N =52), 3 x =1079 3y =1216

Pretest totals = (711+1079) = 1790; Post-test totals = 2510

The sums of squares and cross product for the-total data are as follows:

T = 02442 + — + 102 +10° — (1790)% = 26609.3

102

Tyy = 18%1%4 - 19%+18 - (2510) = 20576.3

102
132
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Toy =(0) (18) + (4) (1)* —+ (J0)(I9)+(10)(18)-(1790)2510) " = 3790
The between sums of sguares and cross products arl(::;mputed as follows:
Fo = (1107 + (10797 - (1790)* = 1087
50 32 102
F,,=(1294)° = (1216)> - (2510)° = 158.7
50 52 102
Fyo = (7110 (1254) + (1079 1216)- (1790 (2510) =-415.3
50 52 102
By subtractions, the within groups (error) sum of squares are as follows;
Ew = Taw -Fax =255223
Ew =T —-Fn=204176
En =Thw—Fxy =42053
Sum of squares — ]
Pretest (x) 'Posnest
Berween 32499.7-51412.7 = 1087 619244 —-617635.7=158.7
Within 266093 - 1087=255223 20576.3-158.7=20417.6
Total  38022-31412.7=266093 82342-61765.7=20576.3

Sum of products — 1

Between 43632.7- 44048 =- 4153
Within 3790-(-4155)=42053
Total 47858- 44048 =3790

The adjusted total sum of squares for y = 20576.3 — (3790Y° = 20036.5
26609.3

255223



The adjusted between groups sum of squares = 20036.5 - 19724.7=311.8

Sum of Squares -2

Pretest (x) Posttest (v}
Between 42996.5-41920=1076-5 63680.3 — 63640.2 = 40.1
Within 22218 -1076.5=21141.5 18234.8 —40.1 = 18194.7
Total 64138 —~41920 = 22218 81875-63640.2 = 18234.8

Sum of Products -2

Between 51443-51650-8 = -207.8
Within 13.2 - (- 207.8) =221
Total 51664 —51650.8 =132

The adjusted total sum of squares for y

=18234.8 - (13.2)* =18227
22218

The adjusted within groups sum of square = 18194.7 - (221)* = 18192.4
211415

The adjusted between groups sum of squares, = 18227 —18192. 4 =34.6

Hypothesis Two

Sum of squares — 1

Pretest (x) Posttest (y)
Between 9468.9-9110.7 = 358.2 16664.2 — 594.1=70.1
Within 7467.3 - 358.2=7109.1 58349 -70.1 =5764.8

Total 16578-9110.7=7467.3 22429-16594.1 = 5834.9




Sum of products — 1

Between 12137.3-12295.7 =-158.4
Within 872.3 - (-158.4)=1030.7
Total 13168 —12295.7=8723

The adjusted total sum of squares for y,

=5834.9 — (872.3)* = 5733
7467.3
The adjusted within groups sum of squares
= 5764.8- (1030.7)2 =5615.4
7109.1
The adjusted between groups sum of squares,

= 5733-5615.5=117.6

Sum of Squares -2

Pretest (x)

Posttest (y)

Between 11024.7 — 10781.9=242.8
Within 6218.1 -242.8 =59753
Total 17000-10781.9 =6218.1

16105.3-16021=84.3

5922-84.3 =5837.3

21943-16021=5922

Sum of products — 2

Between 12999.8-13142.9 = - 143.1
Within 86.1-(-143.1) =229.2
Total 13229-13142.9 =86.1

The adjusted total sum of squares for y.

= 5922- (86.1)° =5920.8
6218.1
The adjusted within groups sum of squares,

=5837.3 - (229.2)* =5828.5
59753

The adjusted between group sum of squares = 5920.8 — 5828.5=92.3
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Hypothesis Three

Sum of squares - |

Pretest (x) Posttest (y)
Between 0880.2-6689=197.2 14348.1-14330.2=17.9
Within 7063-197.2 = 6865.8 7108.8 - 17.9 =7090.9
Total 13752 — 6689=7063 21439 -14330,2=7108.8

Sum of products — |

Between 9731.1- 9790.5 = -59.4
Within 1356.5 - (- 59.4)=1415.9
Total [1147-9790.5 = 1356.5

The adjusted total sum of squares for y

= 7108 ~ (1356.5) = G847.5
7063
The adjusted within groups sum of squares

= 7090.9 ~ (1415.9)* = 6798.9
5865.8
The adjusted between groups sum of squares, = 6847.5-6798.9 = 48.6

Sum of squares — 2

Pretest (x) Post-test (y)
Between 10456.3 - 10162.8 =293.5 15807.6 - 15799.5=8§.1
Within 6250.2 — 293.5 = 5956.7 6136.5-8.1=06128.4
Total 16413-10162.8=6250.2 21936-15799.5=0136.5

Sum of products - 2

Between 12720.3-12671.5 =48.8
Within -68.5-48.8=-117.3
Total 12603-12671.5=-68.5




The adjusted total sum of squares for y,

= 6136.5 - (- 68.5)° = 6135.7
6250.2

The adjusted within groups sum of squares

=6128.4 — (-117.3)% = 6126.1
5956.7

The adjusted between groups um of squares

=06135.7-06126.1 =9.6

Hypothesis Four

1.2

Sum of squares — |

Posttest (x) Retention Test (y)
Between 61924.4 - 61765.7=158.7 52833.6-52814.1=19.5
Within 20576.3 - 158.7=20417.6 20776.9 - 19.5=20757.4
Total §2342-61765.7 =20576.3 73591-52814.1 =20776.9

Sum of Products -1

Between 57170.3-57114.8=55.5
Within 2231.2 -55.5=2157.7
Total 59346-57114.8 =2231.2

The adjusted total sum of squares for y

=20776.9 — (2231.2)* = 20535
20576.3

The adjusted within groups sum of squares

=20757.4 - (2175.7)° =20525.6
20417.6

The adjusted between groups um of squares =20335 — 20525.6 = 9.4
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Sum of squares- 2

Postiest (x)

Retention test (V)

Between 63680.3- 63640.2 = 40.1 69800.8 — 69737.5=69.3

Within 18234.8 —40.1 = 18194.7 14474.5-69.3= 14405.2

Total 81875-63640.2 =18234.8 84212-69737.5 = 14474.5
Sum of products — 2

Between 66671.9 -66619.1 =52.8

Within 24629 - 52.8 = 2410.1

Total 69082 - 66619.1 =2462.9

The adjusted total sum of squares for y,

= 144745 - (2462.9) *= 14141 .8
18234.8

The adjusted within group sum of squares

; = 14405.2 - (2410.1)° = 14086
| 18194.7

The adjusted between groups um of squares,
=14141.8- 14086=55.8
Hypothesis Five

Sum of squares - |

Posttest (x) Retention Test (v)

Between 16664.2 — 16594.1 =70.1 13207.5-13146.7 = 60.8
Within 5834.9-70.1 =5763.8 3491.53 - 60.8 = 5430.5
Total 22429-16594.1 = 5834.9 18638-13146.7 = 5491 3




Sum of Products - 1

Between 14835.4-14770.2 = 65.2
Within 2545.8-65.2 = 2480.6
Total 17316-14770.2 =2545.8

The adjusted total sum of squares for y

54913 - (2545.81)% =4380.6
5834.9
The adjusted with groups sum of squares,

= 5430.5 — (2480.6)” = 4363.1
5764.8
The adjusted between groups sum of squares,

4380.6 —4363.1 =17.5

Sum of square — 2
Posttest (x)

Between 16105.3 - 16021=84.3
Within 5922-84.3 = 5837.7
Total 21943-16021=5922

Retention Test (y)
19012.4 18961.1 =51.3
5191.8-513=510.5

24153 -18961.2=5191.8

Sum of Products — 2

Between 17494.5-17429.2 = 65.7
Within 4958 —65.7=430.1
Total 17925 — 174292 =495§

The adjusted total sum of squares for y

=5191.8 - (495.8)% = 5150.3
5922

The adjusted within groups sum of squares, = 5140.5 —(430.1 )2 =5108.8

5837.7
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The adjusted between groups sum of squares._='5150.3— 5108.8=41.5

Hypothesis six

Sum of square — 1

Posttest (x) Retention Test (v)
Between 14348.1 ~ 143302=17.9 13272 -13260.5=11.5
Within 7108.8 ~17.9=7090.9 6936.5-11.5=6925
Total 21439-14330.2 = 7108.8 20197-13260.5=6936.5

Sum of Products - ]

Between 13770.6 — 13785 =-144
Within 3493 - (- 14.4)=35074
Total 17278 — 13785 = 3493

The adjusted total sum of square for y,

= 6936.5 (3493)% = 5220.2

7118.8

The adjusted within groups sum of squares

= 6925 — (3507.4)2 = 5190.1

7090

The adjusted between groups sum of squares, = 5220.2 - 5190.1 = 30.1

Sum of square 2

Posttest (x) Retention Test (y)
Between 15807.6 -15799.5=8.1 15973.1 15971.7=14
Within 6136.5-8.1=6128.4 4681.3-1.4=4679.9
21936-15799.5 =6136.5 20653-15971.7 =4681.3

Total




Sumofprodecs -2

Betwesz 138819 -15883 3=3

Within 31T (-32) =583

Total 1667 — 158853 = 381.7

= adjusted total sum of squares for v,
=3681.5 — (38175

365
2 adjusted within groups sum of squares

= 16700 - (S83.1)° =622
61282



APPIENDIX I,
COMPUTATIONS OF DEPENDENT T- TEST
Statistical tools used for computations
1) Linear corrélation coefficient
N 2xy-(2 %) (Xy)
2| N - @D Y

i1} Dependent  t- test.

Hypothesis Seven
i) Lincar correlation cocfficient
Pretest (x) — Posttest (y)
Ny xy -2 <) QOy)
\] INEX® = (Zx P [y - (L))

-
-
il

(50).(20497) — (711) 1294}

= \l [ (50) (24679) ~(711)*] [ (50) (44808-(1294)" ]

o= 0.1632

i) Dependent t- test
F= 2914 = 1.13 (Variance are homogencous)
258.6

Pretest mean = ¥ ; Posttest mean = %4
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| = 25.88-14.22
226.5+291.4 -2 (0. 1632) [15.05] 17.07
50 50 707 ) 707

1;=3.95

1) Linear correlation coefficient
Prestest (x) - Post-test (y)

r; = NT xy = (T x) (TY)
J INEX? - (2x) 7] INZY - (Zy)]

(51) (21408) — (1288) (851)

= \}[(Sl)(26015)——(851)2][(51)(42310)-(1288)2]
r, =- 0. 0078

ii) Dependent t- test
F=231.6 =1.21 (variances are homogenous)
i91.8 _
pretest mean = X, Posttest mean = X




——

25.25-16.69

= 191.8 = 231.6 ~ 2 (-0. 00:31 5_2 3. ﬂ
51 31 714
\i J
- =2.96
Hypothesis Eight
1) Lin=ar correlation coefficient

Pretest (x1 - Posttest (v)

(323 (26933Y - (1079 (1216}

r = \}[(")(3 43)H1079) *1[ (52) (37534)-(1216)°]
I';:O.ITO-I

11) Dependent t- tested
F =210.3 = 1.2 (vaniances are homogeneous)
175

Pretest mean = x- Postiest mean = x;

4= 23.38 - 20.75
t = 175 +210.3 -2 (0. 1704) ’1323] 14.5

52 52 L?'ll 721
u = 1.06

(54) (29856) — (1247) (1297}

= \|[(34)(38173)—{1 247 1[ (34) (39565)(1297)

r»-=-0.0107



it) Dependent t- test ;

=172.7 =1.11 (variances are homogeneous)
1558
Pretest mean =X, Post-test mean =X,

24.02 - 23.09
tr = \IQS_.§+Q.7—2(-O. 0107)[12._@}[13.]4]
54 54 7.35 J[1.35
ty = 0.375
Hypothesis Nine
i) Linear correlation coefficient
Posttest (x) - Retention (y)

O GeT9N - (129 (1160)

= \' [ (50) (44808) —(1294)2] [ (50) (39834)-(1160)* ]
n= 056

i1) Dependent t- test
F =258.6 =1.14 (variances are homogeneous)

226.5 —
Posttest mean = X Retention Test means = X
2588 - 232
ty = 226.5+258.6 -2 (0. 56) IS.OSJ 16.08
50 50 . 7.07./ {7.07

t =1.295

1) Linear correlation coefficient

Posttest (x)} - Retention (y)

(51)(35753)—(1288) (1357)

n= \} [(51) (42310) —(1288)° ] [ (51) (42619)-(1357)"]

= 0.1857
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i1) Dependent t- test

F =191.8 = 1.5 (variances are homogeneous)
127.1

Posttest mean = X, Retention Test means = )_(1

26.61 -25.25

= 127.7 + 191.8 — 2 (0, 1857)[ m] 13.85
51 51 7.1 7.14

t; =0. 601

Hypothesis Ten
1) Linear correlation coefficient

Posttest {x) - Retention (y)

(52) (30568) — (1216) (1161)

= \I [ (52) (37534)—1216) 2] [ (52) (33757)-(1 161)2]
= 0.409

it) Dependent t- test

F =175.03 =1.16 (vanances are homogeneous)
150.8 _ ' _
Posttest mean = X, Retention Test means = X3
ty = 175.03 + 150.8 — 2 (0. 409) [13.23 ||12.28
52 52 7.21 )1 7.21
ty =0. 544
1) Linear correlation coefficient

Posttest (x) - Retention (y)
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(S 329} - (1207) (1349)

e

o [ESH) (39503) (12077 [ (5:0) (11503).(1340)7)

ry 0139

1) Dependent 1- est
I 185,75
14617

Pasttest mean - N Retention Test means - N,

.07 (varianees are homogencous)

298 - .00

| TR 146,17 1 158,75 --E(U.II_N){_I;’_._(IQJ 12,48
i 54 54 735 J 1735
| .

tx () 43



APPENDIX M
CLASSIFICATION OF ERRORS
EF Group (N=101)
(Addition & Subtraction of Fractions)

Error  Pretest Posttest Retention Test
No of % Total No of % Total No of% Total
Errors Errors Errors Errors Errors  Errors
I 117 32.5 25 8.6 14 5.6
I1 83 23.1 13 4.5 4 1.6
I 17 4.7 9 3.1 6 24
v 115 31.9 230 78.8 205 82.7
\Y 28 7.8 15 5.1 19 7.7
TOTAL 360 100% 292 100% 248 100%
LCM Group (N= 106) Addition an Subtraction of Fractions
Error Pretest Posttest Retention Test
No of % Total No of % Total No of %Total
Errors Errors Errors Errors Emrors  Errors
I 31 10.2 36 10.1 18 5.0
11 29 9.5 27 7.6 13 3.6
HI 23 7.5 71 20.0 15 4.1
v 218 71.5 213 60 299 82.1
AV 4 1.3 8 2.3 19 5.2
Total 305 100% 355 100% 364 100%
Key:
L Sum of Numerators over sum of Denominators
i. Difference of numerators over Difference of Denominators.
iii. Use of Denominators other than the LCD
iv. Failure to simplify answers
v. Incorrect simplification of answers
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APPENDIX N

TOTAL RAW SCORES OF THE EQUIVALENT FRACTIONS (EF) GROUP
ONTHE PRETEST, POSTTEST AND RETENTION TEST ON ADDITION
AND SUBTRACTION OF FRACTIONS SCORED OUT OF 50

First digit of Second Digit of Student’s Number
Student’s No 0 ] 2 3 4 5 6 7 8 9
0 [0] [4] 331 [4] (4] [0] [0] [0] (O]
asy m “n 28 (9 (a9 (5 9 @
11 0 38 6 23 g 17 15 17
! 01  [0]  [14] [0 [9] [26] (1]  [0] [33]10]
(22 (M G G4 @7) 0y (50 () (10) (37)
21 19 23 2 48 25 37 12 0 34

2 n [36] f10] [200 [i0) [0] [3] (461 [0] [39]
(39) (43) (41 (5) 2] (49) (10) (46) (40)(35)
50 42 38 42 29 12 49 44 20 45
3 [41]  [6] [0] [0] [30] 9] (491  {42] (0] (0]
(10) (20) G4 (G (GH (24) (41) (9) (40)44)
0 20 39 19 27 4] 28 0 45 46
4 [4] [23)  (43] (15} [39) [48} [12] [0] ([13] [O]
(38) (42) (503 (1) (299 (23) (290 (29) (13) (42)
g 38 49 0 12 19 50 21 ] 8
5. [4] {6} (217 231 (331 [10] 8] [30] [16] [0]
(6) (34) (8) 9 %) (44) (45 (8) (S50) (47)
5 23 27 1t 29 36 31 28 24 3
6. f4] [5] [39] [42] [35] [49] [391 [40] [39] (0]
(24) (45 (32) {1 (33 (39 (48  (23) (25) (20)
8 4] 39 5 40 23 24 31 18 36
7. [0] [0] (44} 9] [0] (0] (0] [22] [43] [21]
(19) (25) (49) (31) (3% 27) (7 27y (27) (38)
45 34 I 27 9 45 43 36 40 16
8. (46}  [10] I5] (4] [4] {8] {8] [81 [23] [5]
Gy ) az @ (31)  (28) (449)  (10) (40) (31)
35 16 2] 25 a4 22 4] 25 28 39
9, (0} 071 2] {341 (8] {251 [36] [6] (O] [14]
22y (1% (6) (2) @) 29)  (6) (9 (33) (38)
a2 23 35 8 27 20 10 12 22 35
10. [5] f15]
(16} (18)
20 19

Key: [ ]Pretest ( ) Posttest
Non-bracket : Retention test
EF Group —1: 1-50

EF Group -2: 51-101
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APPENDIX P

TOTAL RAW SCORES OF THE LEAST COMMON MULTIPLE (L.CM)
GROUP ON THE PRETEST, POSTTEST AND RETENTION TEST ON
ADDITION AND SUBTRACTION OF FRACTIONS SCORED OUT OF 50

First Digit of .
Student’s No Second Digit of Student’s Number
0 ] 2 3 4 5 6 7 8 9
0 (s [0] (05 [0] fo] (34] [25] 38]
(29 (16) (0} ) (8) (4) (39) (21) 39
28 33 8 12 13 8 34 4 37
1. [32]  [4} (26} [28]  [0] [141  pap  [7] [11] [10]
(3% G M (23) 33y @3 (9 (33) (12 (40
38 29 13 30 15 31 23 14 33 39
2, [12] [34] [34] [16] [15] [37] [46] [20] [18] [19]
G4 a2 O (7) (8) (10y (200 (18) (37) (36}
19 12 4 8 0 33 2] 8 38 12
3. 1y (171 (8] (4] (5] [48)  [34) [42] [27] [31]
42y (29 @7 (15 un O (10)  (44) (34) (@b
42 I5 15 0 36 40 39 38 33 25
4. [0] [0] [23] [43] [35] [35] [37] [32]1 1411 [42]
22y (M 2n G (149 O (29 (4D @)y @31
31 8 14 10 15 32 38 32 26 18
5. [27] [10] [10] [40] [30] [33]} [40] [27) (34] [2]
(25) (19 (18 (33) (30) (26) (12) (24) (24) (18)
9 34 14 37 21 15 37 27 21 3%
6. [20] [30] [16] [21] [14] {8] [42] {36] [14] {32]
(3 (28) (200 (39 (6) an a7 10 (23) (42)
40 4 7 7 12 13 15 42 35 19
7. [27]  [201 (14] [10]  [0] (10]  [6] (6] [42] [25]
(32) (30) (37) (41 " (13) (13) (44) (43) (31D (29
36 10 13 27 43 40 4] 37 45 40
8. 291 [271 [35] [(19) (i3} [9] (9] (5] {45] [35]
(H (45) (9} 34y (14 (@3 (¢34 (449) (43) (42)
41 31 10 38 27 37 36 34 23 5
9. [40]  [41} [42] [38] [4] [8] {0] 217 18] [27]
18y  (3%) (20 (9 {5) @7 (8 25y (@ (20
: 25 10 20 6 i7 12 4 17 20 23
10. G0l 331 01 B9 121 127 27
(6) (9) 21y (200 (18) (36)  (18)
16 32 33 25 27 31 26

Key:[ ]Pretest ( )Posttest

Non- brackets: Retention test

LCM Greup ~ 1-52; LCM Group - 2: 53- 106
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APPENDIX Q

RAW SCORES OF THE EQUIVALENT FRACTIONS (EF) GROUP ON THE
PRETEST, POSTTEST AND RETENTION TEST ON ADDITION OF
FRACTIONS SCORED OUT OF 25

First Digit of]
Student’s No Second Digit of Student’s Number.
0 1 2 3 4 5 6 7 8 9
0 [0} 0] (16} [4] (4] (5] (0] [0] [0]
(4) (1) (19 a9 (9) 5y O ©)
7 0 18 | 12 4 13 § 10
1. [0] [0] [8] [0) (24]  [14] (0] (0] [20] (O]
(10y (M) (25) oy (12 (10 (@25 O () @
4 10 14 1 25 18 14 0 0 13
2. (0] (181 [6] (14} [3] [0] [0] [21] {0] (17]
(18) (22) (19) (5) (5) (@) (5  23)[(19)H (1)
25 17 20 24 15 8 4 24 20 23
3. (22 (5] [0} [0} [8] [4] [24] [24] [0] [O]
10y @ a7 09 a9 a5 a9 (G Q0 @23
0 20 22 14 17 23 14 0 22 21
4. (0] (230 201 (117 {191 [24)  [8] [0] [13] (0]
(1) (23 (250 (9 (6) () (19 (200 (12) 21N
5 19 25 0 0 0 25 20 0 8
5. (0] (6] (5] [5) [16] (4] [4] (25) [10] [0]
(1 (200 ) 4 4 (22) (23 @) (25 @9
0 13 13 0 9 16 11 4 20 4
6. (4] (0] [22]  [21]  [5] (241 (171 {18} [17] [0]
a4 (22 (04 O en a4 (23 310 @ Q9
4 25 25 5 23 18 5 4 13 21
7. (0] (0] [24] 4] [0] i9] (0] [} [19] [!6]
(9 @D @5 a8 a8 a7 12y (14 a9 2n
25 17 7 23 5 25 23 19 20 11
8. [23}  [6) [0] [4] (0] [4] (4] {4] 19 5
(18) (5 (8 (0) (18) (10 (19 (10} (19) (13)
21 4 17 8 25 11 20 13 11 22
9. (0] [8] [9] [19]  [4] (31 (191 [5)  [0] [9]
(0) sy @ 2 (2) (15 (9 (3 an@en
24 14 2] 4 22 11 4 4 4 25
10. [5] [6]
(8) (1
0 4

Key: [ ] Pretest

Non- bracket: Retention test

EF -1:1-50

EF -2: 51-101

() Posttest
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APPENDIX R

RAW SCORES OF THE LCM GROUP ON THE PRETEST. POSTTEST AND
RETENTION TEST ON ADDITION OF FRACTIONS SCORED OUT OF 25.

First Digit of
Student’s No Second Digit of Studant’s Number.
] I 2 3 4 3 6 7 S 9
0 (9] (11 (0] (0] (0] (0] (221 [21] {20}
2N (an O (0) + 0 D 2N (19
16 18 4 6 9 3 16 4 17
L. [18] [4] (131 [} (0] {6] [6] iz} (6] I3]
{19 (12) (2 (10) (1 (19) (13 (tH 3 O
17 10 7 16 9 9 10 $ 13 16
2. (6] i} (18} (9] (9] (17} 23] [17] Do] 5]
(14) (6) &) (7 (3) (3) {(20) 3y (19 D
12 8 0 3 0 12 12 3 17 7
3. [10] [9] [4] (9] (1] [24] R [28 [19] [12]
(21 (20) {23) (6) (9 3 N n (13 an
19 3 10 0 16 18 16 17 16 o
4. 0] [0} 9] [19] [17] (17} [20] 231 [19] [21]
0 (13) (16} (3) 3) (15) (21 @D (i6)
0§ 7 6 b i8 17 16 0 4
3. [14] [7] (6] (23] (137 [19] 237 (4] (15 2]
(1 (8) (13) (13} (1) (6} (12) (1) (0)
5 18 5 16 8 Lt 17 8 i6 13
6. {31 {17] (9] (131 (8] [4] (231 (191 (14 (3]
(10) (14) (18) (18) ) (0 (17) 3) & (Q2)
19 3 7 3 6 5 7 20 15 11
7. [15] (8] (10]  [4] [0] {2} 2] [2]  [33] [12]
(7)) (13) (a7 N (3) {3) (24) 22y (7)) a7
20 5 S H) 21 20 20 V7 20 18
8. (A3 B AE S S 2 B 10 B G (4] (1] (1] 1255 (19}
@ 20 O (19 & (0) (&) (22 O QY
20 15 & 19 18 20 19 13 13 4
9. [21] [22 (7l (151 [#) (4] (0] {121 71 (i3]
(10 (19 (16) (9 ) (" (0) (12 O
4 6 11 ! 6 6 4 4 10 13
10. [13] {13] [0] [1§] [14] [14] (V4]
(¥ 3 (1 (16) (8 (8) [{1))
8 18 22 16 18 18 18
Kev: [ ] Pretest () Posttest

Non- bracket: Retention Test

LCM Group - 12 1-52; LCM Group - 2: 53- 106
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APPENDIX S
FREQUE\ICY DISTRIBUTION OF MARKS EF GROUP (N=101)
(Addition and Subtraction of Fractions)

: MARKS
Question/Test 6 5 4 3 2 1 0
T1 - 3 39 1 - 2 36
1 T2 - 42 45 . - 3 11
T3 - 27 54 1 - - 19
Ti - 5 26 - 6 5 59
2 T2 - 12 50 2 3 4 30
T3 - 34 2 2 4 6 29
Tl - - 26 2 4 6 63
3 T2 - - 27 - 8 65
T3 - - 51 1 ] 6 42
T1 18 3 8 2 - 4 66
4 T2 25 11 16 - 4 8 37
T3 13 1 12 - 3 10 51
Ti - 11 6 1 5 10 68
5 T2 - 2 4 4 6 21 24
T3 - 49 2 11 2 5 32
Ti - 17 39 2 - - 43
6 T2 - 23 55 - - - 23
T3 - 23 58 - - - 20
T1 - 20 11 1 3 5 61
7 T - 22 27 - 3 4 39
T3
T - - 23 4 2 3 69
8 T2 - - 40 1 2 5 53
T3 - - 48 | 1 6 45
T1 - 8 15 1 3 3 71
9 ™ - 25 20 - 2 4 50
T3 - 16 30 1 1 7 46
Tl 12 6 - - 2 11 70
T3 13 2 - - 1 40 45
KEY:
T1- Pretest
T2- Posttest

T3 — Retention Test.
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APPENDIX T
FREQUE\’CY DISTRIBUTION OF MARKS LCM GROUP (N= 1006)
Addition and Subtraction of Fractions
Questions/Test MARKS
6 3 4 3 2 1 (]
TI - 25 48 P ] 9 21
1 T2 - 57 34 2 1 18 14
T3 - 23 58 2 - 17
TI - 7 42 ] 21 & 27
2 T2 - 9 42 7 12 17 19
T3 - 19 32 9 19 25
T1 - 2 54 3 2 10 30
3 T2 - - 24 3 3 3 69
T3 - - 52 2 6 9 37
T 13 4 29 - 3 10 47
4 T2 2 14 33 3 3 11 40
T3 5 5 24 6 4 3 49
Tl - 23 8 2 4 11 58
5 T - 23 17 2 9 27 28
T3 - 36 16 4 4 12 34
i Ti - 15 63 3 - 1 24
! 6 T2 - 38 44 2 - 3 19
l T3 - 17 57 1 - 5 26
Tl - 21 39 1 4 5 36
7 T2 - 22 35 5 12 8 24
; T3 - 11 29 6 9 13 38
Tl - - 43 9 3 6 45
. 8 ) - - 46 3 7 13 37
‘ T3 - - 42 4 3 9 48
Ti - 3 33 2 4 5 59
9 gy - 8 28 - 8 56
T3 - 1 35 9 1 3 52
Tl g - 13 11 2 19 56
10 ™ 7 4 23 7 27 34
T3 8 14 12 4 10 i6 42
Key:
T1- Pretest
T2- Posttest

T3- Retention Test.




APPENDIX U

RAW SCORES OF THE EF GROUP ON THE PRETEST. POSTTEST AND
RETENTION TEST ON SUBTRACTION OF FRACTIONS SCORED OUT OF

25

First digit of
Smdent’s No

Second Digit of Student™s Number.

0 ] 2 3 K 3 6 7 § ©
0 4] (<] 7 [0 [0 [0] [0} [0} [0]
(1-)  (0) (22) ) (3) (U (0] (.,)
2 0 20 3 11 3 4
1. {0] [0] [6] {0] [231 23 1] {0] [1 3] [0}
(12)  (6) (6) (15) 2 @ 25y (@ (9 (16)
17 9 0 ] 25 7 23 120 1%
2. (1] 18] (4] (6] [5] (0] [3] [25) {0] [22}
Ch e @ O 23 ) 23) 2D 20
23 23 i8 18 12 3 3 20 o0 22
3. (193 [i] (0] [0] (211 [3] 251 [18] (0] [0]
(0) (0) (I 20 (13 (9 22y ) (0 CbH
0 ] 17 3 10 18 14 0 23 23
4. [} [0] [23]  [4] [20] [22] [4] [o] o} [0]
(”) (19 @3 & )y a9 (10) )y (e
19 X} 0 12 19 23 } 0 0
3. [4] foj (6] 18] {171 [6] I4] (31 {8} [0]
{3) 15 ) (3 () 22y (22 ) (23 E3H
3 0 0 0 20 20 W0 - 24 1 04
6. {0] [5] (171 [21] [0 23] [22]  [22] [22) 10]
(10 (23 a3) (3 (12) (233 (23 (13 CH O
K] 16 14 0 17 5 ¢ 17 3 13
7. [0} (0} [20] 3] [0] [0] (0] [17] [24] I3]
(0) ) 4 a3 a7 a0 G (15) (25) (23)
20 17 4 3 Kl 20 20 17 20 3
8. (231 [ [} [0] [4] 4] [4] 41 [ [0]
(13 ) 13 a9 23 ™ 2D 49
14 12 1 17 19 11 21 1217 17
9. 01 9] n3y (3 Hooonz2r o n ey 3 el s
22y &) (*) 0 (O (14 (D < Qe6) (17)
18 9 14 i 3 9 0 0 s 10
10. [0] [9]
(8) (7
20 I3

Kex: [ ]Pretest

( ) Posuest

Non- bracket: Retention Test

EF-1:1-50; EF -

- 31-101

b
iy
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o APPENDIX V
RAW SCORES OF THE LCM GROUP ON THE PRETEST, POSTTEST AND
RETENTION TEST ON SUBTRACTION OF FRACTIONS SCORED OUT OF
25

First digit of
Student’s No Second Digit of Student’s Number
0 1 2 3 4 5 6 7 g 9
0. (8 [0 (o1 fop {0} (0] (12] [4]11[18]
(8) (4) (0) (4) () (4) (18) (0) (20)
12 15 4 6 4 4 18 0 20
I (1] [0 131 4 [0 (8] (8] (0] [5] [S)
20y (19)  (5) (13y (19 (@23 (©) (19) (9} (20)
2] 19 6 14 6 22 13 6 20 23
2. (6] (i6] 6] [7] [6] [200 [26] [3] (8] [4]
(20)  (6) (0) (0) (0} (7) (0) (13) a8)(s)
7 4 4 5 0 21 9 3 2t 5
3. 6] [8) 4 41 [ (299 (3] [21) [8] [19)
2n o 29 ) (2} (6) (3) (23) @212
23 H 5 0 20 22 23 21 17 16
4. oy o1 (4] {24] (18] (18] [17) [9] (22] [21]
(22) (V) (8) (a4)  an (@ (14)  (20) (20)(15)
2 0 7 4 7 14 21 16 16 14
5. (131 31 (4 07 (07 (4] 070 (131 [19] [0]
(1) (12)  (0y (206) (12) (15} () (12) (12)(18)
1 16 6 21 13 4 200 - 19 5 21
6. (71 031 (7] (8] (6] (31 pop [17] [0] [17)
21 44 @) @n @ ({0 (7)  (14) (20)
21 1 0 4 ] 8 8 22 20 6
7. (121 121 (4] (6] (0] (8] {4]  [4] [191[13]
(15y  (17)  (20) (20}  (8) (8) (20)  (21) @2m12)
16 5 5 19 22 20 21 20 25 22
8. [¥1] 13y (200 91 (9] {41 @8]  [4] 20]{16]
M 25 ) (15 (0 (@3 Jd8  (22) (22)(0)
21 16 49 19 9 17 17 21 8§ 1
9. (191  f19) (251 [2517 (0] (4] (0] 91 [113[14]
(8) (16)  (4) (0) (2) (18)  (8) (13) (O (16)
11 4 9 5 11 6 0 13 10 10
10. 17] 120 (0] [211 (3] 131 (13
(5) (6} (10)  (4) (10)  (16) (8}
8 14 11 0 9 13 8
Key: [ ] Pretest ( ) Posttest
Non- bracket: Retention test
LCM -1: 1-52; LCM - 2: 53-1006
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