
/
(

,

UNIVERSITY OF CAPE COAST

ADDING OR SUBTRACTING FRACTIONS:

RELATIVE EFFECTIVENESS OF THE LCM AND THE EQUIVALENT

FRACTIONS METHODS

BY

SALIFU ZIABIH NORGA

A MASTERS' THESIS SUBMITTED

TO THE DEPARTMENT OF SCIENCE EDUCATION

OF THE FACULTY OF EDUCATION, UNIVERSTY OF CAPE COAST,

IN PARTIAL FULFILMENT OF THE REQUIREMENTS

FOR THE A~ARD OF MASTER OF PHILOSOPHY DEGREE,

IN MATHEMATICS EDUCATION

• "=='
ACCESSION N.O,

MARCH 2004

L1BR ,l.RY
vn~s ITY OF tAH t§ji ~



DECLARATION

CANDIDATE'S DECLARATION

I hereby declare that this thesis is the result of my own oiiginal research and

that no part of it has been presented for another degree in this University or

elsewhere.

Candidate's Name.$.~7.:.N~ignature..~... Date.~3:-:J.=?:jfS

SUPERVISORS' DECLARATION

We hereby declare that the preparation and presentation ofthethesis were

supervised in accordance with the guidelines on supef\~sion of thesis laid down

by the University of Cape Coast.

-I (l , ~. !IvY\. '-' e...l >'\! ,. -
supervlsor'sName..Mr.,.)~ J ~gnature . Date!~.~.I'Z- o=:>



ABSTRACT

The purpose of the study was to comp:m: the efficiency of the Equivalent

Fractions (EF) mcthod and the Least Common ~Iultipk (LC~I) method of

doing the addition and subtracting of fractions on measures of accur.lcy and

retention. All the 230 Forol One students of Kaneshic '3' JSS and Kaneshie 'I'

JSS in the Okaikwei Sub - Metrt'politan Area l>fthe Greater Accra Region were

in\'olved in the study. Kaneshie T JSS had two streams \\lth an enrt'lment of

110 students. whilst the Kmleshie 'I' JSS \\lth two streanlS had 120 students.

The existing assembled classes of these Fonn One students were used in the

study intac\.

The pretest - postlest nonequh'a!ent - groups design was used. The data-

colleeting instrument developed by the investigator comprised three achie\'ement

tests designated pretest, posnest and retention test \\lth co-dficicients of

reliability of0.87, 0.79 and 0.86 (Cronbach Alpha Fonnula) respectively. A day

after the administration of the pretest, the two sets of different groups \\~lS 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 \\lth no instructions in the two methods a retention test was

administered.

The first six out of the ten hypotheses were analysized by the mlalysis of

covm1ance, whilst the dependentt-test was used to test the remaining four. The

major findings of this study were as follows:

I. There was no significant difference between the mean scores ofJSS Fonn

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

involving the addition and subtraction of fractions on the posHes\.

iii
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2. 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 offractions on the posttest.
,

3. 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 postlest for students who used the LCM method on the addition

and subtraction of fractions.

6. There was no significant difference between the mean scores ofth~'

posttest and retention test for the EF Group.

Based on these findings it was recommended that curriculum 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 teacheHraining institutions include the exploration

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

them.
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CHAPTER I

INTRODUCTION

Background to the Study

Concerns for the difficulties pupils and students face in the study of,

fractions have been expressed by numerous researchers and mathematics

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 ai, (J 965) contended that compared with the counting

numbers, the historical development of a convenient notation for fractions was

slow and algoritlun for computing with fractions were unwieldy. They noted that

the 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 distinct

situations (namely: as a part of a whole, a quotient, a ratio and as a numeral).

They observed that children must be familiar with each of the situations if they

expect to be able to meaningfully use fractions. Schminke (cited by Groff, 1994)

concluded that of all the mathematics taught in the elementary school, fractions

are 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 to most pupils in the secondary school, because they

have not achieved mastery. Skemp (cited in Orton, 1987) added that fractions

provide the obvious example of a mathematical idea previously considered to be
,

elementary which analysis 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 el at (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 concept of

fractions should begin in the primary schools, and ad\~sed 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) who had

observed that until from the age of 12to 15 years, pupils fail to recognize the

infinite nature of equivalent fractions. He emphasized that the form '/ b for

fraction seems to be abstract for most children, and that pupils can hardly

visualize the various fractions through geometric models.

Brown, Carpenter, Lindquist, Kouba, Silver & Swarford (cited by Groff,

1994) observed that the 1990 National Assessment ofEducational Progress

(NAEP) results indicated that less than half of the 12th - grade students

demonstrated a consistent grasp offractions. 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 8th - grade students at the most could solve problems involving

fmctions that they were taught in the 7th - gmde. Lee. Stevenson & Stigler (cited

by Groff. 1994) disco\'ered that 5th - grade American children on the average

could correctly compute only 15 percent of the fractions examples 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 3 I 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 ofsuccess, and non- fraction mathematics

items at a 50 percent rate. Keys (1999), commenting on the nine-year olds results

for mathematics topic areas on the Third International Mathematics and Science

Study (TI}'1SS). also noted various difficulties children encountered. Keys

(1999) observed that the achievement rate of the English 9-vear olds on fraction
~ -

and proportionality exercises was the lowest as compared with tile achievement

on other mathematics topics. Their success rate of45 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 Assessment of Educational Progress

(NAEP) in mathematics Saenz-Ludlow (1994) and Wearne-Hiebert & Hiebert

(1983) noted that 9-year olds. 13-year olds and I7-year olds showed a low
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computational perforniancc with fractions and lilllc conccptual undcrstanding.

Ganoc. Grossnickle. Perry & Reckzch (1983) found that the achicvcment of

pupils on the Second National Assessment of Educational Progrcss (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 1/
2

+ 3/
4

= 4/
6

, Only one - third of the pupils wcre ablc to perform the

computation correctly. It was observcd that only 26 percent of the 13-year olds

on thc Second NAEP for selccted topics on fractions could work 4
1
/4+ 3

2
/3

correctly. TIle results of the National Assessmcnt ofEducational 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 pcrcent of the 13- year olds added the numerators and

denominators to obtain 2/5 for 1/2 + 1/3, Only 42 percent obtained the correct

answer. Sixteen percent of the i 7-year olds also added the numerators and

denominators. Summarising the difficulties of students from the results of the

Fourth Mathematics Assessment of the NAEP, the National 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 Ih - 3Y" requiring 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 II th-grade students assessed were able to compute

the item correctly.

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

achicvement rate of pupils and students 011 fractions is prevalent in the basic
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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

sionificant 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

difficulties 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 ' l' JSS, out of a

number on roll of 43, only 16 percent were able to work IS3
/4 + i /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 Kings\vay '2' JSS, out of a number of 49

students 57 percent were able to work 32
/3 - l'h correctly. Nineteen percent of

the students who had difficulties with this item showed some common pattern of

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

failed'to obtain the equivalent fraction for 2'3' At the same school, seventy one
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percent of the students worked 2/3 + 1/5 correctly. However. about 43 percent of

the students who had difficulties with this item added the numerators and placed

tl,e result over the sum of the denominators to obtain 3/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 1992, 1993 and 1995 and the chief examiners' report on mathematics

(Amissah, 2000; CRT UNIT, PREP, 1993, 1995; WAEC, 1991, 1993, 1994 &

1999). The SUf\'ey on the work of the JSS Fonn One students in November 2002

by 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

items where there was a need for borrowing, most students failed to effectively

use the LCM concept for the purposes of regrouping. On occasions when

students failed to find tile LCM for given fractions, tiley resorted to the use of tile

common denominators. However, tile use of tile common denominators almost

always resulted in huge numbers students find difficult to express in the lowest

term.

Thus, the difficulties ofthe computation and application of tile LCM

concep~ hamper effective work on fractions. For tilis reason, tile investigator is
•

concerned about whether the continued use of the LCM concept for tile teaching
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of addition and subtraction of fractions in the JSS can bring about the desired

conceptual understanding and better achievement levels of work by the students.

Svstematic procedures for the use of the Equivalent Fractions (EF) method for.. ;.

adding and subtract fractions have been outlined in the primary and JSS teaching

syllabuses for mathematics (CRDD, 2001). However, the reality on the ground is

that teachers do not use these prescribed methods in the JSS. The survey made by

the investigator on the work of the JSS Form One students on addition and

subtraction offractions 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 ofleaming fractions.

Therefore, 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 offractions 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 offractions in Junior Secondary

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



9

and the LCi'v! Group on a posttest 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.

I. Will students who are taught the use of the Equivalent Fractions (EF) method

perfonn better than those who are taught the LCM method on tasks involving

addition offractions on the posttest?

2. Will students who are taught the use of the EF method perfonn better than

those who are taught the LCM method on tasks involving the subtraction of

fTactions on the posttest?

3. Will students who are taught the use of the EF method perfonn better than

those who are Iaught 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 fonnulated for testing, at the five percent level of significance..

I. There is 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.

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

Group and the LCM Group on tasks involving the addition offractions on

the posttest.
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3. 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 pastiest.

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

Group and the LCM Group on addition and subtraction offraction tasks

two weeks after administering the pastiest.

5. TIlere 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 pastiest.

6. There 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 pastiest.

7. There is no significant difference between the mean scores of the pretest

and the pastiest for the EF Group.

8. TIlere is no significant difference between the mean scores of the pretest

and the pastiest for the LCM Group.

9. There is no significant difference between the mean scores of the pastiest

and the retention test for the EF Group.

10. There is no significant difference between the mean scores of the pastiest

and the retention test for the LCM Group.
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Assumptions

The follo\\;ng assumptions were made:

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

motivated.

2. The students ofthe two separate JSS Fonn One classes have studied all

aspects offractions as contained in the JSS Teaching Syllabus for

~\'Iathematics (CRDD, 2001).

3. The teachers who taught the two methods were assumed to be about equally

effective despite their differences in lengths of experiences.

Significance of Studv

The value ofinfonnation a research study gives to expose or solve

a problem, its intrinsic ability to inspire and stimulate further research and

the amount oflight it sheds on specialised knowledge detennine the depth

of its importance. In this regard, therefore, the significance of this study

is outlined as follows:

I. It is envisaged that the results ofthis study will bring about a better and

deeper understanding for addition and subtraction of fraction concepts.

A high level ofunderstanding 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.

2. The results of this study will indicate to classroom teachers the use of

either the Lel,,1 method or the EF method in teaching addition and

subtraction of fractions. The results can be used to modify classroom
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instructions, teaching materials on the topic and to remedy students'

deficiencies in studying fractions.

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

and curriculum planners to modifY (ifnecessary) 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 offractions in public JSS Form One. Fraction tasks exclude 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. However, 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
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and assign subjects to the EF and LCM groups. The existing sellings 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 Fonn One mathematics teacher from the Kaneshie '3' JSS, with nine

years teaching experience as JSS mathematics teacher, instructed the Equivalent

Fractions (EF) Group; whilst the Fonn One mathematics teacher from the

Kaneshie 'I' JSS, with two years teaching experience as a JSS mathematics

teacher, taught the LCM Group. Thus, the effects of differences in teacher

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 pallem of the subjects (see Tables 2, 3 and 4)
,.

showed that the EF Group, with the lower mean scores than the LCM Group 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 ofTenns

The following tenns have been operationally defined to confonn 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 sub;raction of fractions using the

Equivalent Fractions procedures.
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Least Common Multiple (LCMl Group.

Subjects in this group were assigned the use of the LCM method~'Tasks

involving the addition and subtraction of fractions were computed by the group

using the LCM method.

Equivalent Fractions (EFl-l.

This refers to the first group of subjects in the Equivalent Fractions group.

It was made up of 50 students.

Equivalent Fractions IEFl-2.

This constitutes the second group of subjects in the Equivalent Fractions

group. It was made up of 5 I students.

LCM-I.

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-l.

This group refers to the pairing ofEF-1 and LCM-I.

Groups-2.

This group refers to the pairing ofEF-2 and LCM-2

Pretest-I.

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-I.

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 (or LCM) group.

Retention Test-I.

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 I

presents the problem of the study. The presentation includes the statement of the

problem, purpose of the study, research questions, hypotheses, assumptions 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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Oruanisation 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 the 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 ~se 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 offraetions, equivalent fractions, addition of

fractions involving like & unlike denominators, addition offractions involving

mixed numerals, subtraction offractions 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 symbols 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

17



18

a whole, (ii) parts ofa set of objects as well as parts of a single unit,

(iii) indicators of di\~sion, (iv) indicators of comparisons and (v) numerais.

D' Augustine (1968) supported the views of Copeland (1967) and further

expressed a fraction in the form 'Ib where a and b name whole numbers; and

where a is called the numerator and b the denominator. Other writers (Collier &

Lerch, 1969; Fellr & Phillips, 1972; Gerber, 1982; Kinney, Marks & Puidy, 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 playa role in the

teacher's presentation. May (1970) added that the fact that the real meaning 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 ofnumerators 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 parts 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 often 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
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thc introduction ofthc terms 'numerator' and 'dcnominator' could be Icarned

easier through the teachcrs repeatedly using the tcrms than by forcing the "young

children to use them.

The mathematics textbooks for the basic schools, Ghana Mathematical

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 shadcd congruent portions of geometrical shapes, pictures and the number line

in illustrating the meaning of fractions. Significantly, however, is the absence of

thc 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 ofa set~ The

Ghana Mathematics Series, Junior Secondary School, Pupil's Book One (CRDD,

1987) uses the number line extensively to consolidate the concept offraciions as

part of a whole. This textbook and the Pupil's Book Four to Six (CRDD, 1987)

used the terms 'numerator' and 'denominator' without defining them.

Equivalent Fractions

In the views of some writers (Byrne, 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 alb is equivalent to '/d, then alb =

'/d ifand only ifa.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 c~ncept 'the equality 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 el al (1983) and

advised that when teaching the equivalence of fractions it is no r~al value to

distinguish between the logical difference of equal and equivalent. The teacher

may refer to 11, and 2/
4

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 equivalence

without confusing the children. The fear was expressed that when children see

alb = '/d they might conclude that a = c and b = d. It was observed that some

textbooks used the symbol '",'to mean equivalence, 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 comparing

regions of equal area.

The concept of equivalent traction was introduced to pupils in the Ghana

Mathematics Series, 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 alb = '/d is true only if ad = be was stated. The Ghana Mathematics

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~ for fractions that if a is whole

number and band m are counting numbers, then alb = rnxa/rnxb. Anticipating the

difficulties teachers might face in the teaching of equivalent fractions some
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"Titers (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 to

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, tlle numerators should be added, and the sum placed over the

common denominator. To add fractional numbers with different denominators;

we should use tlle 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

diagraTI1ffiatic illustrations in introducing these concepts.

For the addition of fractions with same denominators, Gerber (1982)

stated a principle that if'/b and c/b are two fractional numbers, then

%+% ~ (a+cX 'Similarly, for fractional numbers with different denominators,

say, ~ and~, he stated that %+~~aey;,d+bJi,dJad+b'){d' Several other

writers (Bennett & Nelson, 1998; Blevins, Hanson, Podraza & Prall, 1969;
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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"sueh a formal

definition might serve as an adequate algorithm procedure for children when

adding and subtracting fractions. particularly when the denominators arc

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

errors in expressing the final result to lowest term. Ganoe, Grossnickle &

Reekzeh (1983) advised teachers to do early problem - solving work involving

addition and subtraction offractions with like denominators on exploratory level,

using manipulative materials, drawings and visual models. D'Augustine (1968)

shared the views expressed by Ganoe el af (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 offraetional numbers less

than or equal to one, as well as for sums greater than one.

II 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 offractions 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. nnd the sum placed over the common

denominator. In the Ghana Mathematics Series, Primary Mathematics, 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 equivalent 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; Fchr & Philips, 1972;

Reisman, 1977) shared the views of Kinney et of (1965). A productive

pedagogical device that may help to minimize the OCcurrence of mistakes, such as

adding both numerators and denominators was highlighted. This was the use of

the write -the- denominator - as - a - word notation, namely, (a) 2 fifths + I fifth

and (b) I half + I third. It was commented that this device might be a constant

, \I
!
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reminder and a check to the learner to transform the fi·actions 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 ofmeasure.

It is appropriate to note also that Howard (1991) had observed that

regardless of what teachers say about the way fractions should be added, students

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 ofwriters (Bennett & Nelson, 1981; Gerber, 1982; Hoelzle,

Hutchison & Streeter, 1995; 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 fractional parts and (iii) combine the results as mixed

numbers. It was explained further that when the fractional portions of the 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 (1985) shared the views of these

writers, but included diagrams to illustrate their worked examples. Even though

Wilco~ & Yarnelle (1967) and Brown & Webber (1963) shared the views of
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adding the whole numbers and fmctions separately when finding the sum of two

mixed numbers: they applied the associative and commutative properties for

fractions. In addition to the use of the 'adding the whole numbers and fractions

separately' process, other authors offered an alternative method. They (Andries

& Touchet!, 1999; Beardslee & Jerman, (1978); Collier & Lerch, 1969;

Copeland, 1967; and 0' Augustine, 1968) suggested re-naming the mixed

numbers in improper fractions and then adding. The conversion of the given

fractions to improper 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 abstmctly; no diagrams were used. But Dessart &

Suydam (I978) cautioned that the use of the common denominators method has

some disadvantages. The results obtained from this process leave the child with

the tedious task of renaming. It is also worthy to note the advice of Hillerby

(I 967) to teachers. He stated that acareful choice by the teachers of the

fractional parts to be added would avoid the calculations becoming too simple.

He warned that in the initial stages, it is best to avoid fractions becoming too

large and unwieldy. However, Fehr & Phillips (I 972) argued that if children

understand the principles involved, then they could carry out the operations on

fmctions with any denominator no matter how large. It was stated that 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 the subject.

Even though 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, 1992; 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 should 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 and the result placed over the common

denominator. Some of the writers (Beavers, 1995; Geier & Lamm, 1978;

Hoelzle et a11995; 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

foml 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
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fractions with unlike denominators. the idea of renaming them as equivalent

fractions with common denominators is necessary. As in the case of the addition

concept, Gerber (1982) with several other authors (Bennett & Nelson, 1998;

Blevins, Hanson, Podraza & Prall, 1969; Brown & Webber, 1963; Oemana &

Leitzel, 1984; Dumas & Howard, 1966; Lake & Newmark, 1977; Peter, &

Schaaf, 1968) outlined principles for the subtraction concept. For the subtraction

of fractions with like denominators, it was stated that if '/h and c/h are two

fractional numbers, then '/h- c/h = ,-c/h. Similarly, for fractions with different

d . 'I d cI • d I 'I cI 'dl hCI (,d-he)1enommators, han d It was state t mt h- d= hd - hd = hd

except for the presentation of Gerber (1982) who illustrated the concept and the

worked examples with diagrams, most of the writers' introductions were

ahstractly done.

The Ghana Mathematics Series, Primary Mathematics, Pupil's Book

Three and Four (CROO, 1987) c,;posed pupils to practice exercises involving

suhtraction of like and unlike denominators without any worked examples. The

Pupil's Book Five (CROO, 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 examples. In the Pupil's Book Six (CROO, 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 Series, Junior Secondary School,

Pupil's Book One (CROO, 1987) introduced the concept of subtraction of

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

i
i
i
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I,



28

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 Involving Mixed Numbers.

A number of writers (Bennet! & 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 highlighted that in subtracting mixed numbers.

where the fraction in the minuend is less than the fraction in the subtrahend

regrouping and replacing of frac,ions having a common denominator might be

necessary. In illustrating the computational process, Ganoe et af (1983) used

5 1/3 - 2 21]. The fraction 5 1
/) was re- named as 4 4/3. The work was then re

arranged as 4 4/3 - 2 2/3. The whole numbers and the fractions were subtracted

separately to yield 2 2/). In illustrating the concept, May (1970) stated that in, say,

8 1/3 -5 5/s, there may be the need to re-name 8 1
/3 as 7 )2h4 and 5 5/s as 5 15/24 to

faeili tate the subtraction.

Other writers (Andries & Touchet!, 1999; Beavers, 1985; Collier & Lerch.

1969; Hoelzle, Hutchison & Streeter, 1995) shared the views of May (1970) and

Ganoe ct af (1983). It was noted that the procedure where the whole numbers and

the frnctions arc subtracted separately is preferred because it relates closely to the
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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 y., - 2 417, the fraction

5 I;' could be re-named as 147/28 and 2417 as 72128 to facilitate the subtraction. May

(1970) advised that in a case, say, 6 - 2 317, the 6 could be renamed as'5 717 to

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 'I.,

Beavers (1985) and Hoelzle et al (1995) renamed the 6 as 24
/4 and the 2 314 as 11/4.

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 the discussions

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

Empirical Framework

Studies on the Least Common Multiple CLCM) 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 mathematics 'in grades four to ten is

particularly aware of the difficulty students have with fractions in general and

with addition of fraction in particular. Lankford (cited by Howard, 1991)

I
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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 havc good grasp of the concept offractions - still persisted in

the use ofa 'top + top' over 'bottom + bOllom' algorithm when asked to solve

addition problems symbolically. May (cited in Dessart & Suydam, 1978)

acknowledging the difficulty of the use ofLCM concept, recommended that the

notion be introduced in the familiar selling 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)bd

(ii) %-'iJ = (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

apparcntly because it removed the difficult step ofhaving children determine the

least common denominator. However, this advantage appeared to bc 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 ofthc factoring method CLCM method) and the inspection

method for finding the least cornmon denominators found the LCM method to be

more effective. These two approaches were used with 112 5th-grade pupils. In

the factoring method, dcnominators were expressed into prime factors in ordcr to

selcct the least common denominator, whilst students employing the inspection

meth~d used a less organiscd manner. Once the inspection method was done in a

less organised manner. it might include lots of trials and errors and frustratcd

, I
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learners efforts, leaving the factoring method as the only alternative left for

obtaining correct answers. Thus. the finding does not rule out the difficulty 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 cquivalent 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 procedures

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 Baham research (cited in Dessart & Suydam, 1978), three

techniques were employed. In one approach, diagrams and sets of objects were

employed in which a/b=axnlbxn 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 achievement 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

I
I
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equivalent fractions. In spite of the manipulative appeal of disks. the authors

favoured the use of arravs of circles drawn on an activity sheet. Silvia (j 986).

using manipulative materials, led a group of nine-to-eleven-year old deaf children

to successfully learn to generate sets of equivalent fractions. She 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 nddition

of fractions correctly. Thus, the findings of Boham, Beardslee, Gau and Heimer

(cited in Dessart & Suydam, 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, 200 I) 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 down the sets

of fractions equivalent to the fractions under consideration. However, the

findings of Ocran (2001), conducted at Akim-Oda Township in Ghana using 144

JSS students, contradicted the findings of Duncan et at (cited in Ocran, 2001).

Ocran (2001) found the EF method superior, easier to learn and retain.

Significantly, however, the findings ofAnderson (cited in Dessart & Suydam,

! \

I
I
i

I
I



33

1978) were not confirmed by the findings of O~ran or that of Duncan et al.

Anderson's studies (cited in Dessart &. Suydam. 1978). conducted in the United

State of America (USA). compared thc achieYements of students who had been

taught the use of equiYalent fractions procedure and those taught to use the LCM

procedure to determine the least common denominators for adding and

subtra~ting fractions. She did not report any significant difference between the

two groups. Her findings supported the theoretical assumptions or ,;cws of Post

and On (cited in Ocran. 2001). who gaye equal weights to the two procedures and

felt that ifbotll are taught properly. each \\;11 produce equally good results.

SummaTY

The following summarises the re\;ew ofliterature that is related to this

study.

I. }'1anv writers shared the Yiew that a fraction is in the form alb where a and b

name whole numbers. It was r:oted that a fraction could be interpreted as

(i) part of a whole (ii) part of a set ofobjects (iii) indicator of a di';sion

(iv) 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 \\;th unlike

denominators, most writers agreed that the LCM of the denominators of given

fractions should first be found. The LCM ofthese denominators should be

used to re-name the given fractions into equivalent 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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3. Other groups of writers, however, used rows of equivalent fractions in the

addition and subtraction of fractions. These writers generated equivalent

fractions for fractions to be added or subtracted. Equivalent fractions for

given fractions with same but least denominators are then selected. Their

numerators are added or subtracted and the result placed over the common

denominator.

4. In the addition and subtraction ofmixed numbers, several writers shared 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 ofregrouping

(or borrowing), mixed numbers may first be expressed as improper fractions

before renaming them as equivalent fractions to aid adding or subtracting.

5. Mandlate (1995) noted that until from the age of 12 to 15 years pupils 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.

6. 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- ada Township in the Eastern Regio~ of Ghana contradict Anderson's

results (Ocran, 2001).



Thlls. there is evidence to sho\\' the efforts made by some researchers

(Dessal1 & Suydam. 1975: Oeran. 20(1) to estahlish the effeetivcness of

either the lOF Ivlethod or LCivI ivlethod. However. sOl11e of their findings

have yiclded contradictory results (Ocran. 200 I). Therefore. the prcsent

study is designed to investigate which mcthod will he appropriate in

alleviating students' difficulties in the addition and suhtraction 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 analysis.

Research Design

The pretest - posttest nonequivalent groups design was used for the study.

It involved an Equivalent Fractions (EF) Group and a Least Common Multiple

(LCM) Group. The EF Group was instructed using the EF method, whilst the

LCM 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 chosen 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 & Khaon, 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'

36
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.ISS and Kaneshie 'I' JSS were involved in the study. These two schools were

selected by random sampling.

The Form One mathematics teacher from the Kancshie '3' JSS, a trained

Certificate'A' with nine years teaching experience as JSS mathematics teacher,

instructed the EF Group. The Form One mathematics teacher from the Kaneshie

']' JSS, also a trained Certificate 'A' teacher with two years teaching'experience

as a .ISS mathematics teacher, taught the LCM Group. The investigator engaged

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 envis~ged 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 ofKaneshie '3' JSS had a total enrolment

of] 10 students, whilst the two streams Form One ofKaneshie ']' 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 (See Appendix B). The results

showed an age range of 12 to 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

1\
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a"e ran"e of 12 to 20 vears with a mean age of 14 )'ears and standard deviationc c ~,

of I .29. The ages of students and their parents' occupations were collected using

a questionnaire provided on the pretest, postlest 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 to the Equivalent Fractions Group because it obtained the lower mean

score in the pretest. Kaneshie' I' JSS with the higher mean score was assigned

to the LCM Group. The Equivalent Fractions Group School's two streams Form

One classes were designated EF-I 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-I and LCM-2. The LCM-2 had the higher mean

score in the pretest. The EF-I with mean score of 14.22 was paired with LCM-I

with mean score of20.75. Simil;;:ly, the EF-2, with the mean score of 16.69,

was paired with LCM-2 with mean score of23.09. These groups were exposed

to a two-week treatment session. The postlest means scores of the groups were

compared. This was to find out whether the group \\;th the lower mean at pretest

might improve to exceed the group \~th the higher mean. Thus, the arrangement

of the groups was put in place to find out whether treatment would yield a

crossover effect (Christensen, 1980).
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Instruments

One pretest. a post-test and a retention test all developed by the

inn:stigator were used for the study (see Appendices C. D and E). A ten-item

test on addition and subtraction of fractions for the pretest was administered on

the Equivalent Fractions Group and the LC~1 Group before treatment. Another

set of a ten - item test equivalent to the pretest instrument was administered on

the two groups for the posuest scores immediately follo\\ing instructions. A test

\\ith equivalent set of items to the posuest was conducted two weeks after a

period of no instructions for the retention test scores.

Validation of Test Instruments

The investigator den:loped the tests (pretest, posllest and the retention

test) administered in the study \\ith the assistance of two experienced JSS

mathematics teachers. The assistance and contributions offered helped to focus

the contents ofthese tests on addi:ion and subtraction tasks Form One students

were exposed to in their school work and as expressed in their textbook. the

Ghana Mathematics Series, JSS. Pupil's Book One (CRDD, 1987).

The contents of the instrument had been read through and veued by one of

the investigator's supenisors,}.!r. J. Gyening, of the Science Education

Department of the Unin:rsity of Cape Coast. Comments made by the supen'isor

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

Reliabilitv Co-efficient

The tests administered for the study were pilot-tested on three sets of 40

(a total of 120) Form One students on,ew Abossey Obi 'I' &. '3' Junior

Secondary schools in the Ablekuma Sub-~IetropolitanArea of the Gre~:er Accra
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Region on February 12th 2003. Eaeh set of40 students answered only one test.

These schools had neither been considered for sampling nor covered by the

inwstigator's \'isits of schools in the Okaikwei Sub-Metropolitan Area in

NO\'ember 2002. The sampled schools are separated from the Abossey Okai

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

\\Tong basis. but on a partial credit-marking scheme. the Cronbach Alpha

Formula was used to compute Lite 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).

i'vlode of Scoring

~'Iarking schemes for the ;Jretest, post-test and the retention test were read

through and vetted by one the investigator's supen·isors. /\Ir. 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 I. Five points could be scored on

Question 2; four points on Question 3; six points on Question 4 and five peints on

Question 5. For Section A, therefore. a total score ofzero to twenty five was

possible. For Section B ofall the three tests. a total of five points each could be

scored on Questions 6 and 7. Four points could be scored on Question 8; five

points on Question 9 and six points on Question 10. Thus, a total score of zero to

twenty five was possible for Section B.
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Data Collcction Proccdurc

On Monday, April 28, 2003 the investigator contacted the heads ofthc

two schools samplcd with copies of a Ictter of introduction from the Head of thc

Science Education Department of the Faculty of Education, University of Cape

Coast to ask for permission to conduct the study. At separate meetings the heads

of the two schools agreed to rel~ase their students for the study. The mathematics

tcachers for the Form One c1asscs ofthc two schools were informed and asked to

give the investigator the necessary co-operations. It was agreed to use a four-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 working. 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 parents 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. It started on

Tuesday, 6th May 2003, and was completed on Thursday, May 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 fractiom 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 1). The two teachers were engaged to carry out the treatment session in order

to control the effect of experimenter bias. However, the investigator w~s 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 the teachers a!1d the students showed at the

presence of the investigator in the classrooms during the first lesson, such

observations 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. TIle EF Group was taught how to

generate and identify equivalent fractions at the first lesson and addition and

subtraction of fractions, one whose denominator is a factor of the other at the

second lesson. TIle 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 LCM Group at the third and

fourth lessons 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. TIle 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 at 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 conducted 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.

It was conducted on Friday, May 30th, 2003 after the elapse ofa two-week
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retention period during which no treatment was given. TIle steps for conducting

the pretest were followcd 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-l had 50 students, comprising 19 males and 31 females. The EF-

2 with 51 students had 21 males and 30 females. The LCM -I had 52 students

comprising 24 males and 28 females, whilst the 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 posl!est

scores and (iii) the retention test scores.

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 I to 6 (Christensen, 1980)

(See Appendix K). The use of the analysis of covariance was intended to

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

Ii
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Desi!!n of the Study
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Phase Date EF Group LCM Group

2/5/03 Pretest Pretest

2 6/5/03 Generating & Identifying EF Adding & Subtracting

Fractions. One denominator

as a factor of the other

7/5/03 Adding & Subtracting Fractions. Adding & Subtracting

One denominator as a factor of Fractions. Denominators

the other. relatively prime.

8/5/03 Adding & Subtracting Fractions. Adding Fractions. Deno-

Denominators relatively prime minators with common

factors

9/5103 Adding Fractions. Denominators Subtracting Fractions. Deno-

with common factors minators with common

factors ..,
I

12/5/03 Subtracting Fractions .Denominators Adding Mixed Numbers r
with common factors (No regrouping)

13/5/03 Adding Mixed Numbers Subtracting Mixed Numbers

(No regrouping) (No regrouping)

14/5/03 Subtracting Mixed Numbers. Subtracting Mixed Numbers

(No regrouping) (Regrouping)

15/5/03 Subtracting Mixed Numbers
" "

(Regrouping)

" 16/5/03 Post-test Post-test0

4 30/5/03 Retention Test Retention Test
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CHAPTER 4

RESULTS OF THE STUDY AND DISCUSSIONS

This chaptcr summarises the results of the statistical analyses of this study

in relation to the fonnulated hypotheses. The results of the statistical tests, the

decisions to retain or reject each hypothesis and the implications of the decision

are highlighted. Discussions on the research findings are included. The chapter

is 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 means,

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 number of subjects; M, the mean score; SD, the standard

deviation, LCM, LCM Group; EF, Equivalent Fractions Group; GM, the general

means; T. I, 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 the 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 offractions (Section B) was 25.

The inclusion of the Tables 5 - 20, and Appendix J, showing means, standard

47



dcviations and thc adjusted means of the suhjccts give a clearer picturc about

their performance levels.

Tahle 2

Means and Standard Deviations for Designated Groups on Addition and

Suhtraction of Fractions

48
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Test EF. I LCM.I EF.2 LCM.2

M SD M SD M SD M SD

T.I 14.22 17.07 20.75 14.5 16.69 15.22 23.09 13.14

T.2 25.88 15.05 23.38 13.23 25.25 13.85 24.02 12.48

T.3 23.2 16.08 22.33 12.28 26.61 11.3 24.98 12.09
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Table 4

Means and Standard Deviations for Designated Groups on Subtraction 'of

Fractions

Test EF. I LCM.J EF.2 LCM.2

M SD M SD M SD M SD

T.I 6.68 8.85 9.46 7.53 8.12 8.22 11.46 6.81

T.2 12.28 8.88 11.44 7.78 11,98 8.30 12.54 6.95

T.3 11.06 8.83 11.73 7.62 12.45 6.32 12.22 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 and retention test respectively. Hypothesis 2 tests

for the significant difference between the mean scores of the two groups on tasks

involving the addition of fractions in the posttest, whilst hypothesis 5 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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Hypothesis 1

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 postlest.

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 level 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 F2 was read to be 3.92, and the computed F2

value was found to be 0.194. The F2 ratio value (0.194) was less than the critical

value F2 (3.92). Thus, there was no evidence to reject the null hypothesis.

Therefore, the conclusion was that there was no significant difference between

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

fraction tasks in the postlest. Though the adjusted means showed that the EF

Groups had higher mean scores on the postlest (S~e Table 6), the difference was

not significant.

Table 5

Analysis ofCovariance of Postlest Scores for Addition and Subtraction of

Fractions. Using Pretest Scores as Covariate

\I

Source of Variance

Between Groups-I

Within Group-I

Totals

df

99

100

SS

311.8

19724.7

20036.5

MS

311.8

199.2

1.57



Table 5 cont'd

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) - Posltest (y).

Adjusted Post-test Means

Groups N Mx My My.x (Adjusted)

LCM.I 52 20.75 23.38 22.87

EF.1 50 14.22 25.88 26.40

General means 17.55 24.63

51

,. ,

Groups

LCM-2

EF-2

General means

N

54

51

Mx

23.09

16.69

19.98

My My.x (Adjusted)

24.02 23.99

25.25 25.28

24.64
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Hvpothesis 2

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 on the posttest.

Table 7 shows the analysis of covariance ofth~ post-test for addition of

fractions for the two groups. At 0.05 significant level and degrees offreedom of

I 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 I and 102 the

tabulated F2 was read to be 3.92 and the computed F2 value was found to be.

1.616. The F2 ratio value (1.616) was less than the critical value F2 (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 LCM Groups on tasks involving the addition of fractions on the

posttest. Though the adjusted mecrtS showed that the EF Group had higher mean

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

Table 7

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

Pretest Scores as Covariate.

I,

Source ofVariance

Between Group-l

Within Groups-l

Totals.

df

99

100

SS

117.6

5615.4

5733

MS

117.6

56.7

2.074
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Tahle 7 cont'd

Source of Variance df SS MS 1'2

Between Groups -2 92.3 92.3 1.616

Within Groups-2 102 5828.5 57.1

Totals 103 5920.8

Table 8

Addition of Fractions: Pretest (x) Posttest (y). Adjusted Post-test Means.

Groups

LCM-I

EF -I

General means

N

52

50

Mx

11.29

7.54

9.5

My

11.94

13.6

12.77

My.x (Adjusted)

11.69

13.87

Groups

LCM-2

EF-2

General means

N

54

51

Mx

11.61

8.57

10.13

My My.x (Adjusted)

11.48 11.42

13.27 13.33

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

subtra,ction of fractions on the posttest.



Table 9 5ho\\'s the aI1:!Jysis of the cOY4h~ance comp:L"ing the 1\\-0 groups:

posnesl SCQres for sUDL"'"action of fr2ctions, \Vith referen~e to this tzblc. the FI

ratio was 0_707 2t 0_05 signifi=tle,-e\ and degrees of freedom of I and 99_

From 12bles_ the criticil \-alue. F. (1.99) was 3.92. The F, ratio was found to be

less th"ll the criticil nlue F•. Similarly. the F: ratio was 0.16 and the criticil

yilue F: \\us 3.92 at 0.05 significamle\-e\ and degrees of freedom of! and 102.

The F: r:ltio \\:!S less than the criticil \"i1ue F:. TOllS. there was 00 e\'idence to

reject the null hypothesis. The conclusion. therefore, was that there was no

significant difference between the meall scores of the EF and LC~1 Groups on

tasks in\"ohing the subtraction offractions in the posuest. Howe\"er, the adjusted

means indic:!ted that the EF Group had slightly higher mean scores on the

posuest (See Table 10): but the difference was not significanL

Table 9

An2.h-sis ofCoyariance ofPosne;: Scores for Subtraction of Fraction5. Usin2

Pretest Scores as Co\"anate.

Source ofV~;2.Dce <if SS ~IS F,

Between Groups-I I ~8.6 ~8.6 0.707

Within Groups-I 99 6798.9 68.7

Totils 100 68.17.5

Source of Variance df SS ~IS F~

Between Groups-2 I 9.6 9.6 0.16

Within Groups-2 102 6126.1 60.1

Totils. 103 6135.7
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Table 10

Subtraction of Fractions: Pretest (xl Postlest (vl. Adjusted Postlest Means.

\ I

Groups

LCM-I

EF -I

General Means

Groups

LCM-2

EF-2

General means

N

52

50

N

54

51

Mx

9.46

6.68

8.10

Mx

11.46

8.12

9.84

My

11.44

12.28

11.86

My

11.54

11.98

11.76

My.x(Adjusted)

1l.l5

12.58

My.x (Adjusted)

11.57

11.95

Hypothesis 4

It was hypothesized that 'here is no significant difference be!'veen the

mean scores of the EF Group and the LCM Group on addition and subtraction of

fraction tasks 1'.\'o weeks after administering the postles!.

The analysis of covariance comparing the groups is shown in Table II.

The critical yalue Flat 0.05 significantleYel and degrees of freedom of I and 99

was 3.92 as against the computed F I ratio of 0.045. Thus, the F I ratio value was

less than the critical value Fl. At the same 0.05 significant leyel and degrees of

freedom of 1 and 102, the F2 ratio (0.404) was found to be Jess than the critical

value F2 (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 means scores ofthe EF and LCM Groups on addition and subtraction of



fraction tasks two weeks after administering the postlest. 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 1I

Analvsis of Covariance of Retention Test Scores for Addition and Subtraction

of Fractions. Using Postlcst Scores as Covariate.

56
\,

Source of Variance

Between Groups -1

Within Groups cI

Total

Source of Variance

df SS

9.4

99 20525.6

100 20535

df SS

MS

9.4

207.3

MS

0.045

Between Groups-2

Within Groups-2

Total

102

103

55.8

14086

14141.8

55.8

135.1

0.404
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Table12

Addition and Subtraction of Fractions: Postte;t (x) - Retention Test (y).

Adjusted Retention Test Means.

Groups

LCM-I

FE -I

General means

Groups

LCM-2

EF-2

General means

N

52

50

N

54

51

Mx

23.38

25.88

24.61

Mx

24.02

25.25

2d .62

My

22.33

23.2

22.77

My

24.98

26.61

25.8

My.x (Adjusted)

22.47

23.06

My.x (Adjusted)

25.06

26.53

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 administering the posttesl.

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

shown in Table 13. At 0.05 significant level and degrees offreedom of I and 99,

the critical value F) 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 I and 102, the critical value F2 gave 3.92 as against the computed F2



ratio value of 0.828. The F2 ratio value was also less than the critical value F2.

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 13

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

Using Posttest Scores as Covariate,
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'! \

Source of Variance

Between Groups-I

Within Groups -I

Totals

Source ofVariance

Between Groups-2

Within Groups -2

Totals

df

99

100

df

102

103

SS

17.5

4363.1

4380,6

SS

41.5

5I08.8

5I50.3

MS

17.5

44,]

MS

41.5

50. I

F,

0,397

0,828

! :

\, .
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Table 14

Addition of Fractions: PosHest (x) Retention Test (y), Adjusted Retention Test

Means,

Groups

LCM -I

EF -1

General means

Groups

LCM-2

EF -2

General Means

N

52

50

N

54

51

Mx

11.94

13.6

12.78

Mx

11.48

13.27

12.35

Hypothesis 6

My My,x (Adjusted)

10.6 10.9(,

12.14 11.79

11.37

My My.x (Adjusted)

12.76 12.82

14.16 14.10

13.46

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 two weeks after administering the posltest~

The comparison of the two groups, using the analysis of covariance, is

shown in Table 15. The critical value FJ at 0,05 significant level and degrees of

freedom of I and 99 was 3.92 as against the computed F1 ratio value of 0.574.

The FJ ratio value was, therefore, less than the critical value Fl. At the same 0.05

significant level and degrees offreedom of 1 and 102, the F2 ratio of 0.049 was

again found to be less than the critical value F2 of3.92. 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 offractions 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,

Using Post-test Scores as Covariate.

Source of Variance

Between Groups - I

Within Groups - I

Totals

Source ofVariance

Between Groups-2

Within Groups -2

Totals

df

99

100

df

102

103

SS

30.1

5I90. I

5220.2

SS

2.2

4624

4626.2

MS

30. I

52.4

MS

2.2

45.3

0.574

0.049
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Table 16

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

Test Means

Group

LCM-1

EF-I

General means

N

52

50

Mx

11.44

12.28

11.85

My My.x (Adjusted)

11.73 11.93

11.06 10.85

11.40

Group

LCM-2

EF-2

General means

N

54

51

Mx

12.54

11.98

12.27

My

12.22

12.45

12.34

My.x (Adjusted)

12.19

12.48

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 offreedom of 49, the critical t1 value was 2.01. The computed t1

value was 3.95. Hence, the computed t1 value was greater than the tabled tl.

Similarly, at 0.05 significant level and degrees of freedom of 51, the critical t2

value was 2.01; and the computed t2 value was 2.96. The computed t2 was again

greater than the tabled t2 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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Table J7

Analysis of the Difference Between the Mean Scores of the Pretest and Posttest

of the Equivalent Fractions Group.

Group

Pretest - I

Posttest - I

Group

Pretest -2

Posttest -2

N

50

50

N

51

51

Mean

14.22

25.88

Mean

16.69

25.25

SD

17.07

15.05

SD

15.22

13.85

df

49

df

50

3'<:5

t2

2.96

Hypothesis 8

It was hypothesized that there is no significant difference between the

mean scores of the pretest and the posttest for the LCM Group,

The comparison of the pretest 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 degrees

of freedom of 51, the critical t1 value was 2.01. The computed tl value was 1.06,

thus, the computed tl value was less than the critical tl value. Similarly, at 0.05

significant level, and degrees of freedom of 53, the critical t2 value was 2.0 I. The

computed t2 value was 0.375. The computed t2 (0.375) was, therefore, less than

the critical t2 value (2.01). Thus, 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 pretest and the posttest for the LCM

Group.
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Table 18

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

Posttest for the LCM Group.

Group

Pretest -I

Posttest -I

Group

Pretest -2

Posttest -2

N

52

52

N

54

54

Mean

20.75

23.38

Mean

23.09

24.02

SD

14.5

23.23

SD

13.14

12.48

df

51

df

53

t,

1.06

0.375

Hvpothesis 9

It was hypothesized that there is no significant difference between the

mean scores of the posttest and ti~e retention test for the EF Group.

The comparison of the pOSitest 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 of49, the critical tl value was 2.01. The computed tl

value was 1.295. The computed tl value was thus, less than the critical tl value.

Similarly, at 0.05 significant level, and degrees of freedom of 50, the critical t2

value was 0.601. The computed t2 (0.601) was thus, less than the critical t2 value

(2.0 I). 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 posttest and retention test for the EF Group.
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Table 19

Analvsis of thc Differencc Between the Mean Scores of thc Post-test and thc

Retention Test for the Equivalent Fractions Group.

Group

Posltest -1

Retention Test- I

Group

Posltest -2

Retention Test-2

N

50

50

N

51

51

Mean

25.88

23.2

Mean

25.25

26.61

SD

15.05

16.08

SD

13.85

11.3

49 1.295

50 0.601

Hypothesis 10

It was hypothesized that there is no significant difference between the

mean scores of the posltest 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 is shown in Table 20. At 0.05 significant level

and degrees offreedom of 51, the critical 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 frcedom of 53, the critical t2 value

was 2.01, and the computed t2 was 0.43. The computed t2 (0.43) was, thus, less

than the critical t2 value (2.0 I). Hence, there was no evidence to reject the null

hypothesis. The conclusion, therefore, was that there was no significant

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

LCM qroup.



Table 20

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

Retention Test for the LCM Group.

65
I

Group

Posttest -1

Retention Test -1

Group

Posttest -2

Retention Test-2

N

52

52

N

54

54

Mean

23.38

22.33

Mean

24.02

24.98

SD

13.23

12.28

SD

12.48

12.09

df

51

df

53

0.544

0.43
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DISCUSSIONS

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

Hypothesis I postulated that there is no significant difference 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 achievements of

students who had been taught to use Equivalent Fractions method and those

taught to use the LCM method tll do addition and subtraction offractions. 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 offractions

exclusively at a separate lesson in order to eliminate the difficulties or errors

pupils had on addition offractions.

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. Similarly, about 90.4 percent and

87.3 percent of the total EF and the LCM Groups respectively wrongly simplified

or fail~d to simplify fractional answers in the retention test. (See Appendix M).

\ \
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TIle finding, however, contradicts the finding of Duncan el af (cited in Ocran,

2001). Duncan el 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 methods.

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 posltest. 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 posltest (See Table II). This

finding implies that there was no significant 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 offractions on the retention test.

Even though the summaries of the analyses ofcovariance for hypotheses I 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 posltest for the EF Group. A comparison of

the two results tested by a dependent I-test showed that there was significant

difference between the mean scores of the pretest and the posltest 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 highet 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 tile

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 posltest 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 view5 of Post

and Ott (cited in Ocran, 2001) that ifhoth methods and procedures (the EF and

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

, I
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ii) 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 postlest.

The result of the analysis ofcovariance comparing the groups (See Table 7)

showed that there was no significant difference in performance between the 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 postlest 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 lenls of the students, This observation is an

indication that the students had difficulties with the concept. The difficulties of

the concept confirms the conclusion ofHoward (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, constituting

about 41.6 percent were able to compute Questions I and 5 correctly on the

postlest (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 I. (See Appendices Sand T). Appendix M

showed !he cases of students who computed the addition of fractions by placing
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the sum of the numerators oYer the sum of the denominators. These cases

dropped from 32.5 percent of the total EF Group on the pretest to 8.6 percent on

the posttest, and from 10.2 percent of the IOtal 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 - at.d who

seemed to have a good grasp of the concept of fractions - still persisted in the use

ofa '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 ofEducational 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.

(iii) Results ofTests 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 offraction 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 posttcst. Howcver,

not all the mean scores of the Equivalent Fractions Group were higher than the

mean scores of the LCM Group in the retention test. In addition to thcse

observations, the raw scores of the EF and the LCM Groups on the subtraction of

fractions and their mean scores (Sec Appendices U & V and Table 4) again

showed the relatively low achievement levels 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 differences of the numerators over the·

differences of the denominators. These cases dropped from 23. Ipercent of the

total EF Group on the pretest to 4.5 percent on the postlest; and from 9.5 percent

of the total LCM Group on the pretest to 7.6 percent on the posttest.

The frcquency of marks obtained by students for cach question is

summarised in Appendices Sand T. Questions 6 to Ia in each test constitutc

section B, all of which arc subtwction items. These appendices showed that even

half the numbers ofstudcnts in each group answcled no question correctly to

merit the award offull marks. I'or instance, the Question 10, the item requiring

regrouping, was one oftlie questions the students found difficult to compute.•

From the EF Group, for instance, twelve out of the lal students, forming about

I J.9 percent of the sample, computed the Question Ia 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 correctly dropped

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

mathematics syllabus (CRDD, 2001) procedures for adding and subtracting

fractions are mainly in EF method. Therefore, the primary six pupils who 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 offraction 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 Vancc (1992). That is, concept develops slowly over time,

and as such teachers need to make major adaptations to textbooks since no

current textbook includes sufficient developmental work on concepts. 1 hus, 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 introduced only after the concepts of

adding; subtracting, multiplying and dividing whole numbers arc firmly

established and rooted. In addition, as Vance (1992) suggested, studcnts need to



, ,, -

he proyidcd \\ith many opportunities to make connections among spoken.

physical and s~mbolic 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 to retain or reject each hypothesis and

discussions on the research findings had been highlighted. The summary of

decisions made. on the basis of the findings. regarding the retention or rejection

ofproposed null hypothesis, is as follows:

(i). Hypothesis I: There was no significant difference between the mean scores

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

the posnest. This finding confirms the findings ofAnderson (cited in Dessart

& Suydam, 1978) but contradicts that of Ocran (2001)

(ii). Hypothesis 2: There was nc significant difference between the mean scores

of the EF and the LCM Groups on tasks invohing the addition offractions on

the posnest. Though the adj;.;sted mean scores of the EF Group were higher

than those ofthe LCM Group the difference was not significant.

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

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

on the posttest. 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

ta~ks two weeks after administering the posnest.
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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 tl1e 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 reter.tion test for the EF Group.

(x). Hypothesis 10: There was no significant difference betwe·en 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 offractions. These difbculties

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 ofJSS 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 been outlined in the primary and JSS mathematics

syllabuses (CRDD, 2001). Therefore, the investigator was concerned about the

continued usc 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, was 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 offractions in Junior Secondary Form One

in Accra. The comparison was to ascertain whether one of the methods was

signific,antly superior to the other.

75
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The existing assembled classes of Form One students of Kaneshie '3' JSS

and Kaneshie 'I' JSS were used intact in the study. Kaneshie '3' JSS. with a

number on roll of 110, was assigned to the EF Group, whilst the Kaneshie 'I'

JSS, with an enrolment of 120, was assigned to the LCM Group. J<.aneshie '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 -I 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 -I and LCM -2. The LCM -2 had the higher mean score in the

pretest. The EF -I, with mean score of 14.22, was paired with the LCM -I, with

a mean score of20.75. The EF -2, with a mean score of 16.69, was paired with

LCM -2, with a mean score of23.09. 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 I to 6; whilst a dependent t-test \Vas

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 tl'e two

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

group of subjects who were not randomly assigncd; therefore, a dependentt-test

was used to test them. The major findings in 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

involving the addition and subtraction of fractions in the post-test. This

finding confimls the finding of Anderson (eited in Dessart & Suydam,

1978), but contradiets that ofOcran's (2001).

2. 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.

3. 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. Though the adjusted mean seores of

students who used the EF method were higher than the means of those

who used the LCM method the differenee was not significant.
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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. The higher adjusted mean scores of the posttest

scores support this finding.

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

pretest and the posttest for students who used the LCM method 0;"1 the

addition and subtraction of fractions.

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

postlest and the retention test for the EF Group.

Conclusions

From the results of this study, the following conclusions could be

drawn.

I. 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 offractions. 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 et al (cited in Ocran, 2001) and that of Ocran (2001), it could be

concluded that ifboth methods were taught effectively, each would

produce equally good results. This conclusion confirms the theoretical

assumptions of Post (cited in Ocran, 2001).

2. The performance of the JSS Form One students who used the EF method

on tasks involving the addition and subtraction offractions was higher in

the posttest than in the pretest. But there was no significant difference

i:
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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.

3" Considering the performance levcls of the students on addition of

fractions separately from the subtraction of fractions, there waS:1O

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.

Recommendaiions

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.

I. Curriculum developers must improve upon both the EF and the LCM

methods in the JSS and the primary school syllabuses and textbooks.

2. 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

anyone may use the steps effectively for the benefit of the students.

, "
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3. Lots of study m~terials 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.

4. The Mathematics Association of Ghana and heads of schools need to

organise in-service training courses for mathematics teachers and acquaint

them with the salient points and procedures of the two procedure,

adequately. This training may enable practising teachers to update their

knowledge on the two methods and make meaningful choices for anyone

of them.

5. 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.

Suggestions for Future Research

In redesigning this study, the following recommendations should

be considered.

I. 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 cnvironmental settings (namely, urban

or rural) are suggested for a future study at thc same time.

2. It is suggested that the selected group of subjects for a future study be

stratified to include boys only, girls only, the gitied and the less gifted

separately.
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3. 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.

4. Daily scripted lesson notes and handouts should be given to teachers

engaged in the study to practise for a longer period of time before the

treatment session.

5. 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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~I'ENDICES

API'ENmX - A

Di,tribution of Occul'"t ion of Parent, of Subjects
( i) IT. f;ronj1 (N ~ 101)

Occupation Frequency % Frequency %

Of Fathcr of Mother

Public Servant 27 26.74 7 6.93

Farming 5 4.95 0.99

Busincssrrrading 21 20.79 79 78.22

Artisan 42 41.58 12 11.88

Forces 5 4.95

Herbalist

Chief

Not Specified 0.99 2 1.98

Total 101 100% 101 100%

(i i) LCM. Group (N ~ 106)

Occupation Frequency % Frequency %

of Falher of Mother

Public Servant 24 22.65 10 9.44

Fanning 10 9.44 0.94

BusinessfTrading 25 23.58 92 86.79

Artisan 41 38.68 3 2.83

Forces 3 2.83

Herbalist 0.94

Chief 0.94

Not Sped tied 0.94

Total 106 100% 106 100%
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APPENDlX- B

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

(i) EF Group (N = 101)

Age Male % Fellale %

12 2.5 7 11.5

13 10 25 21 34.4

14 13 32.5 21 34.4

15 8 20 4 6.6

16 4 10 5 8.2

17 3 7.5 3 4.9

18 2.5

19

20

Total 40 100% 61 100%

(ii) 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 23.3

15 14 30.4 I I 18.3

16 4 8.7 6 10.0

17 2.2

18

19

20 2.2

Total 46 100% 60 100%
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a I \kan Age of EF Group '/ otal ,\ce (,fSllhjce!,:,

10!

= 14JJ4'1

~ 14yrs

Standard Deviations (Sf)) .. ! \;~:-. "

[ YX i2,. j..'

Sf) = I
\~

201 17
!O!

(14)'112
1.1(1)

= 1.33S :::: 1.34

(h) :.lean Age ofLC\l (jroup c )4X7
106

- 14JJ2X

::-': J~ yrs.

SO =" 21037-(W:712
• 106 I. 10(, J

= 1.2923

= 1.29



J.S.S. !'ORM O~IE PRETEST liME: 4(J.vl!;-:S

The purpose of this test is purely an exercise to collect information fiJr a re,;eareh

work. The result will not h~ used in any way to assess or grad" you. Feel free to

respond to all the items.

a. School

b. Index Number

c. Sex: Male D Female D
d. Age:

e. What is the occupation of your parents?

Ii) Father:

(ii) Mother:

A0:SWER ALL THE f)UESTJONS IN SECf!O:-;S A &. H 0:, YOUR

ANSWER SHEET.

All working must be deal J:: shown. Give anJ\':er~i in th(:ir simpk~;t fixm.

SECTlO:-i A

Find the followin~ sums.

J.~-~
(j (j

o.
3 '

3 I
). 2-~I-

X 12

2.
2 14
----
< "C

" j"

2 ,
4

') (j



Do the following subtractions.

7 3
6.---

10 10

8 3
8. ---

7 4

SECTION I3

8 I
7. ---

12 3

II 2
9. ---

IS 6

03



APPEXDIX D

l.S.S. FOR.\1 aXE POST-TEST TI~ IE: 40~ lI:-;S

TIle purpose of this test is purely an exercise to collect information for a research

,,·ork. 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: ~Iale D Female D
D Age:

E \\'hat is the occupation ofyour parents?

(i) Father:

(ii) ~lother:

ANSWER ALL TIlE QUESr.')CiS IN SECTIOCiS A ACiD B 0>: YOUR

.~"iSWERSHEET.

All working must be clearly sho\".:1. Give your answers in their simplest form.

SECTION A

Find the follo"ing sums.

5 7
I. -+

14 14

- .,, ) -
J. -+-

17 3

9~

7 5
4. -"'--

10 6



,.

Do the following subtractions.

13 I I
6.--

16 16

S 4
S.

9 5

SECTl001 B

7 2
7.

6 3

9 I
9. --

IS 4

95



_-\PPoDl); E

JS.S_ FORM ONE RETENTiml TEST

A School

C

D Age:

E \\n.:lt is the CCCtrpilti0rl cfyou: rr~n:s?

(i) F"-:her:

_-L'-;SWER _-\LL THE QL'ESTTO'-:S r.-; SECTIO,-:S _.l.. _.l....'-;D B 0" YO'.-'R

SECTIO'-: _.',.

Q

1. ---
:0 :0

-! ~

- . ,
I

, i
~

I
'- - --

-! 6

-;
"---

15 ~O

-!
11

I, -!



p

Do the following subtractions:

II 5
6. --

12 12

5 3
S.

7 5

1~-1~10. ~ 3 5

SECTION B

7 4
7. ---,

9~

5 7
9. ---

6 10
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APPENDIX - F

Computation of the Co-efficient of Reliability

Fonnula Used: Cronbaeh Alpha Formula

Where K = number of items

S02, = Variance of items

I (S02;) = Total ofvarinnees of each item

i) Pretest

K = 10;

r" =.!Q ( 1- 18.325 )
9 84.294

= 0.87

ii) Post-test

K = 10; S02, = 59.76;

r" =1
9
0[1 17.270IJ

59.76

=0.79

iii) Retention Test

K= 10; S02, = 69.347;

rll = .!Q [ I - 15.6951
9 69.347J

=0.86
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A!'!'I,NllIX (j

MAI(KIN(j SCIJEf-.lI· !-OJ( '1 LS IS

!'rclcst

(I)
3 1
-- +--
(, (,

(')

3'1 I
.", .. ,:;

I ·11 14

.\~
... J

4
.....• 1

2X
.

15
...... I

2

3
..... 1 ...... I

,
~

2 I (·1 ) 1
II (,(3) -+-

3 5 ·1 1 15
10+ 3 .1

....3 IX
~--

15 I II
••. I13

..... 1 IX:-;:.-

15 11/ .....2;IX

.1

'" I

.... 1

2·1

1". 2·1

(i\ltclII:lli\'c :-'ktlllld)
2) I

(~) '),
•. X 12

1Ii 11

X 12

I I
- 3---.··1

24

2 I
(5) 2 -·11-

X 12
l).j 2

~ 3·\ ---- ... ,4
24



7 :;
i (, I -- -~-

10 10

7 - .'
.... :;

10
~

~ .... 1
10,

= ..... \
5

IllI)

(7)
12 :;
X-4

~. ---._-
\2

<I
.... \.. -

12
I

....• 1.' -
3

is)

28

11

28

....3

..... 1

II 2
(9) --

IS 6
22-10

=
30

12
30

2
=

5

.....3

...• 1

.•..• 1

(Altcrnativc Mcthod)

. ")

110,3::-1':
5 3

9-10
==-2+-

15
24-10

=1+--
15

14
=1

15

.... .4

... .1

.... .1

Post-tcst (LCM Mcthod)

. ")

(10) 3::'-1-=-
5 3

18 5
=---

5 3
54 -25

=
15

29
=-

15

= 11){5

•.... 1

.... .3

..... I

(I) ? <z.
14 14

=5"'-7
14

=12
14

... 3

" .1

(2) 15+ J
42 7

= 15 +18
42

= 33
42

... 3

... 1

LI !\ P, ,l, r.Y
(:':~.~IT,( O~ CJ.r: CC ,.~



~§ ••• J l!. ..• 1
7 14

(3) ,2+ ~ (4) 1+,2
17

,
10 6~

~ 15 + 34 ,
~ 21 + 25 ...3... J

51 30

~49 . . I ~46 ... J
51 30

~23 ... I
15

~ 18/ ,5 ... 1
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(5)

~4+5~ 12
40

17{
~ 4 40

.. .4

... I

(5) (Alternative Method)

~ 25 + 13 ...1·
8 10

~ 125 +52 ...2
40

~ 177
40

17{
~ 4 40

... I

... 1

(6) 13 -11 (7) 1- ~

16 16 6 ,
~

~13-11 ...3 ~7-4 ...3
16 6

=~ ... 1 =1 ... I
16 6

=1 ... I ~1 ... 1
8 2
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,.~

=

= - .:
-~-

,'-



(5) 31/8+13/10
= (3 + I) + (1/8+ 11 10)

=4+2+11
40 40

... 3

(5) (Alternative Method)
31

/ 8 + 13
/ 10

= 25 +11
8 10

=4+5+12 ... I = 125 + 52 ...2
40 40 40

171 ... 1 = 125 + 52 ... 1= 4 40

40

= 177 ... I
40

171 ••• 1= 4 40

(6) 11 -11 (7) 1- ~

16 16 6 3

= 13 - II ... 3 =1-1- ...2
16 6 6

= ~ ... 1 = 7-4 ... 1

16 6

=1 ... I J. .•. 1
8 6

= 1 ... I
2



Retention Test (LeM Method)

(1) 2+ 1 (2) 1+ Q
20 20 15 30

=9+7 , = 14 + 6 ,
... J ... .)

20 30

=~ ... 1 = 20 ... 1
20 30

=1 ... 1 =~ ... 1
5 3



'3

(3H+~

7 5

= 20 + 14
35

= 34
35

,
... J

... I

(4)11 +~
18 4

= 22 4- 18
36

=40
36

=lQ
9

... ~

... 1

... 1

... I
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= (3 + 2) + 3 + 2
12

,
... J

(5) (Alternative Method)

=5+~

12
... 1

.•. J

= 13 + 13
4 6

= 39 + 26
12

= 65
12

... I

... 2

... I

... I

(6) 11- ~ (7)1- :!
12 12 3 9

= 11- 5 ... 3 =21 -4 ...3
12 9

=§ ... 1 =11 ... 1

12 9

=1 ... 1 = I ~/Q ... I

2
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(8) 2. -1 (9) 2. -2
7 5 6 10

= 25 - 21 ,
= 25 - 21

,
• .• .J

· •• .J
35 30

=1- ••• J =1- · .. 1
35 30

=~ · .. 1
15

(10) 31
/3 _1 3

/ 5 (10) (Alternative Method)

= (3 - I) + 5 - 9 ...3 31/ 3 _1 3/ 5
15

= lQ-R · .. I
=2+5-9 · .. 1 3 5

15
= 50 - 24 ... 3

= J + 20-9 ... 1 15
15

= 26 ... 1'
"/ ... 1 15= I 15

= 111
/ 15 · .. I

Retention Test (Equivalent Fractions Method)

(J),2+2 (2)2 + §
20 20 15 30

=9+7 ... 3 = li +§ ... 2
20 30 30

= lQ .... 1 = 14+6. ...1
20 30

=1- ... 1 = 20 ... J
5 30

=~ ... 1
3
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(3)1+2.
(4)11+2.7 5

IX 4

~ 20 + 11 ... 2
~ 22 ~ 1X ')

35 35 - -
36 36

~ 20 + 14 ... I
~ 22 + IX ... 135

36

~ 34 ... 1
~ 40 ... 135

36

~lQ •.. 1
<)

~ 1'/9 ... 1

(5) 3 '/4 + i/r, (5) (Altcrnativc Mcthod)

~ (3+ 2) + (Yo + I/r,) ,1/+')1/.,) 4 ... 6

~ 13 + 13
~5+.:l+2. ... 3 4 6

12 12

~ 39, 26 ... 2
~5+3+2 ... I 12 12

12

~ 3S + 26 ... 1
~ 5S/ 12 ... I 12

~ 65 " . I
12
<

... 1~ 5'/'2
(6)11-~ (7) 1-1

12 12 3 <)

~ .L!.:.2 ... 3 ~21 -1 ... 2
12 <) <)

=.§ ... 1 =21-4 ... 1
12 9

=1 " . 1 ~!1 ... 1
2 9

~ I sf"~ . " 1
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(8) ~-1
(9) ~ - Z7 5

6 10

~25-11 ... 2
~ 25 -;U ...235 35

30 30

~ 25 - 21 ... 1
~ 25 - 21 ... 135

30

~4 ... I ~1 ... 135 30

~~ ... I
IS

(10)3 1
/3- J3/; (10) (Alternative Method)

~ 1Q-~ ...2 I 3/3 /3 - I 5
3 5

~24/J_ ]3/5 ... 1
~ 50 - 24 ... I

15 ]5

~(2- ])+(4/3_3/5)

~ 50 - 24 ... I

IS

~ 1 + 20 - 2 .. .3
~26 ... ] J5 15

15
~ ] + 20 - 9 ... 1

- 111 / ... 1 15- 15

11/ ... I~] 15



APPENDIXH

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 I. Teacher locates sets of equivalent fractions. using letters, on the

centimeter

dot paper. Teacher assists students to identify 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, 'hl/s. 1/7 , '/6.

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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I 10

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

left blank, on the bb. Eg. a);? = 0 'J) I = 3

3 6 5 0
Teacher asks students to fill in the blank spaces using the centimetre dot paper

and discusses the answers.

Stcp 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?

{
L
245 8

2. Find the fraction for the blank space in the following set.

---- }2. _ 1
16 32

3. Write true or false against the following statement:

SECOND SESSION

DURATION: 40 MINUTES

~ =;?
12 3

REFERENCE: Ghana Mathematics Series. JSS, Pupil's Book One, Pp. 71-84.

Topic Addition and Subtraction of Fractions.

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

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

of the other.

PK: (i) Students can compute the addition and subtraction offractions with

same denominators (ii) Students can locate and plot fractions and tl:eir

equivalents on the centimeter dot paper.

Teaching !Learning materials: Centimetre dot paper

Teaching /learning Activities:

Step. 1 Teacher ,,'Jites the following one after the other on the bb.



ill +3
5 5

(ii).J+ 2.
8 8

(iii) 7 - 4
10 10

I 11

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 + 1 on the bb and asks students whether the method
3 6

used for example in Step 1 can be applied here and why? Teacher guides

d . h . d I 2stu ents, usmg t e cenllmctrc ot paper to rename - as - and asks students to
2 I 3 6

compute h + h for 1/3+ Ih

Teacher discusses the result with students.

Step.3. Teacher writes ~ +2- on the bb and asks students to use the centimetre dot
5 10

paper to rename _~ with the appropriate denominator. Teacher asks students to

.23· h ·d· d h·ThreWrIte - + - usmg t e approprIate enommators an compute t e sum. eac er
5 10

discusses the answer.

Step 4. Teacher writes ~ +2- on the bb and asks students to compute it into
7 14

jolters,

using step 3 procedure. Teacher goes round to assist students in difficulties and

to discuss solution on the bb.

Step 5. Teacher writes 2. -1 on the bb.
5 10

Teacher discusses question with students using step 3 results and writes
2.-1. as 1-1
5 10 1010

Teacher helps students to compute work and discusses theresult.

Step 6. Teacher writes 1/3 - 3/12 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.



Step 7 EYaluation Teach~- '-k- st d ..' .- ...... ~ ~ t:. ems to compute the toBowlng queStl0nS IntO

exercise books for corrections.

1. :± *1
10 2

..,
3-=-}

THIRD SESSIO~

.' . ~-~
Q -

Duration: 40 minutes

Reference: Ghana Mathematic series. JSS. Pupil's Book One. Pp 71-84.

Topic. Addition and Subtraction of Fractions.

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

addition and subtraction of two tractions whose denominators and relath'ely

pnme.

RPK: (i) Students can generate equi\'alent fractions using the centimetre dot

paper Teaching/Le:rrning materials: Centimetre dot p3per

Te3cher!learning Acti\ities:

Step 1. Te3cher writes the follo\\ing example2 one after the other on the bb.

(i) :! .;. 1
15 3

(ii) 2..-l
16 S

Te3cher asks students to compute the examples one after the other and discusses

solutions on the bb.

Step 2. Te3cher writes 1 -- 1 on the bb and assists students using the centimetre
3 2

d I " d" 'Iot paperto rename 13 as "6 an ;, as - 6

Teacher writes 1 -- 1 = ~ --l and discusses the solution \\ith students on the bb.
3 2 6 6

Step 3. Teacher writes ~ +~ on the bb and asks students to use the centimetre
.J )

dot p3per to rename giwn fractions. Te3cher discusses students' results and
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ensures denominators are the least (Icd). Teacher asks students to compute the

renamed fractions and discusses th~ result.

Step 4. Teacher \\Tites Z- ! on the bb and discusses it using the results of step 3.
:3 5

. 2 I 10 3
Teacher re\\Tltes - - - .as - - - and guides students to compute it

3 5 15 15 .

-T I . 2 I
Step'. eac ler \\Tltes ~ - ~ on the bb and asks students to use step 4 procedure

.) .)

to compute it. Teaeher 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.

l)! + !
5 2

2);L+ !
5 3

3)2, .!
3 2

FOURTH SESSION

Duration: 40 minutes

Reference: Ghana Mathematics Series, JSS, 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

(ii) Students can work the addition and subtraction offractions whose

denominators are relatively prime.

Teaching! Learning material: Centimetre dot paper

Teaching! Learning Activities:

Step I Teacher writes the following exainples one after the other on the bb and

asks students to compute them.
(i)! + 1 (ii) l -1

4 3 5 3
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Teacher discusses the solutions with the students On the bb.

Step 3. Teacher writes 1. + 1. on the bb and a~ks students to use the centimetre
9 6

dot paper to rename the given fraction. Teacher discusses students' results and

ensures denominators are the least (lcd). Teacher asks students to compute the

renamed fractions and discusses the solution on the bb.

Step 4. Teacher writes 1 +1 on the bb. and asks student to compute it asing 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

i)l. +1
'6.4

ii)l.+ ~

9 6
3) 1 + 1

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 lesson students should be able to compute the

subtraction of two fractions whose denominators have common f2ctors.

RPK: Students can add two fractions whose denominators have common factors

Teaching! Leanring Activities:

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

i) ~ + 1. ii) 1 + 1.
6 4 10 4. Teacher asks students to compute the examplcs

and discusses the solution on the bb.

Step 2. Teacher writes

3 2---
12 12

I I . I 1
- - - on the bb. and guides students to rename - - - as
4 6 4 6
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Teacher discusses the solution with the students noting the led concept.

S "T h . 2 I .
tep.J. eac er wntes 9- 6" On 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 4 I

9 4
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.

i) 2 - £.
9 6

ii)J. - 1
4 6

iiill-l
10 4

SIXTH SESSION

Duration: 40 minutes

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

Topic: Addition ofFractions.

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 I. Teacher writes the following examples one after the other on the bb and

asks students to compute them.

in +1 ii)J. + 1
4 6 10 6

Teacher discusses the solution \\~th students on the bb.
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Step 2. Teacher writes I 1/2 + 1'/4 on the bb and guides students through

discussions to rearrange. 1 y, + I 1. = (l or 1) + (\~ + 1.)
=2+ y,+ 1.

Teacher guides students to rename Y, as 2/4 and rearrange I \':. + I 1.
=2+ 2

/ 4 +1.=2'1.

Step 3. Teacher writes 2 Y, + I 'I) on the bb and guides students to express it as

in step 2. Teacher asks students to rename the fractional part (1/2 +'/31 and guides

students to rearrange work as follows:

Step 4. Teacher writes 3 'h + 2 1. 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. Evaluation: Teacher asks students to work the following questions into

their exercise books for corrections.

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

Teachingl 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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i) 1 -1 iiH -1
8 6 5 3

Teacher discusses the solutions with the stud~nts on the bb.

Step 2. Teacher writes 3 y, -I Y. on the bb, and through discussions guides

students to rearrange 3 Y, - I Y. ~ (3- I) + (Yz _';\)

~2+(Yz-Y.)

Teacher guides students to rename Y, as 2/4 and rearrange the work as ' Yz - I Y.

~ 2+ Y. ~ 2 Y..

Step 3. Teacher writes 2 2/) - I Yz 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 2/) - I Yz ~

4 3 I I(2-1) + ( h- h) ~ I + ( 10 ~ I h)

Step 4. Teacher writes 3 Y. - 2 I/JO on the bb and asks students to comp·ute 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 wor;( the following questions into

their exercises books for corrections.

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:

Step I. Teacher writes 3~-I~on the bb and asks students to compute it Teacher
9 6

discusses the solution with students on the bb.

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

questioning to arrange work as follows 3 y. - 2 Y, = 11- ,2
4 2

teacher helps students through discussions to rename ,2 as lQ and rearrange
2 4

work as 3 y.. - 2 Y, = 11 - lQ = J
444

Step 3. Teacher writes 2 1
/3 - I Y, 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:

_ 7/ 3/
- 3 - 2

=14-2=,2
6 6 6

Step 4. Teacher writes 3 1/5- I liJ 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 Y, - 1 3/5 ii) 2 3/10 - I Y, iii) 2 Ih - I Y.
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APPENDIX I

DAILY RECORD OF INSTRUCTIONA L ACTIVITIES FOR THE LCM

METHOD.

FIRST SESSION

Duration: 40 Minutes

Reference: Ghana Mathematics Serics, JSS, Pupil's Book Onc, 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. (ii) Students can

compute the addition and subtraction offractions with same denominators.

Teaching ILeaming Activities:

Step I. 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.

I. Find the LCM of 1).6,9 ii). 4, 10.

Step2. Teacher writes the following items one after the other on the bb.

(iH + ;). (ii)l + ~ (iii)l -1
5 5 8 8 10 10

Teacher asks students to compute each example and discusses solutions on the

bb.

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

3 and 6 as follows: 3=3xl; 6=2x3; LCM = 2x3=6

119
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Teacher discusses and guides students to arrange the work thus; 1 + 1
3 6
2+1=1=V,

6 6
Step 4. Teacher writes 1+ 1 on the bb.

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

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

Teacher discusses and guides students to arrange the work thus: ~+1

5 10
4+3 =1

10 10

Step 5. Teacher writes ~ +~ on the bb. and asks students to compute the sum
7 14

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

difficulties and discusses the solution on the bb.

Step 6. Teacher writes ~ - 2. on the bb and discusses it with students using step
5 10

3 results.

Teacher arranges the work as follows on the bb.

~-l

5 10
4 - 3 = 1

10 10

Step 7. Teacher writes ..!- - 2. on the bb and asks students to use step 5 procedure
3 12

to compute it. 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.
iH +1 ii) 1 + 1

10 2 2 4
iii).!!. - ~

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 ofFractions.

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

addition and subtraction of two fractions whose denominators are relatively

pnme.

RPK: Students can compute the addition and subtraction of two fractions one

whose denomination is a factor of the other.

Teaching! Learning Activities:

Step I. Teacher writes the following questions one after the other on the bb, and

asks students to compute them. Teacher discusses the solutions \\;th students on

the bb.

Step 2. Teacher writes 1+1 on the bb and helps students to compute the LO..·! of
3 2

2 and 3 as follows: 2= 2x1; 3= 3:-: 1; LCM = 2 X 3 = 6. Teacher discusses and

arranges the, work as follows: 1 +1
3 2
2 +3 = l

6 6

Step 3. Teacher writes ~+~ on the bb and helps students to compute the LCM

aD and 5 as follows: 3= 3 xl; 5 = 5 xl; LGv! = 3 x 5 = 15 Teacher discusses

2 1 10+3 13
and arranges the work as follows: - +- = --= -

- 3 5 15 15

2 I b d d' ··th d .Step 4 Teacher writes - - - on the b an Iscusses 1l \\1 stu ents usmg the
. 3 5

results ofstep 3. Teacher guides student to arrang"e work as follows: ~ -1
3 5

l!L.:..l = 1
15 15
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Step 5. Teacher writes ~ - ~ 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 to work the followi.1g questions into

their exercises books for corrections.

i) 1 + 1
5 2

ii) ~ + 1
5 3

iii) L - 1
3 2

THIRD SESSION

Duration: 40 Minutes

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

Topic: Addition ofFractions.

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.

TeachinglLeaming Activities:

Step I. 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 bb.

i)l + 1 iiH -1
4 3 5 3

Step 2. Teacher writes L+1 on the bb; and helps students to compute the LCM
of6 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
6 4
2+3 = 2.
12 12
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Step 3. Teacher \\Tites -9
1

+ ~ On the bb, and guides students to compute the LCM
6 .

of9 and 6 as follows: 9 ~ 3x3; 6~ 2x3, LCM ~ 2x3x3 ~ 18. Teacher

discusses and guides students to arrange work as follows: 1 + I

9 6
2+3~2.

18 18

Step 4. Teacher writes ~ + J.. on the bb and asks students to compute the sum
10 4

using step 3 procedure. Teacher goes round to assist students in difficulties, and

discuss the solution on the bb.

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

exercise books for corrections.

1.1+J.
6 4

~. 1 + ~

9 6

FOURTH SESSION

3. 1 + J.
10 4

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

TeachinglLeaming Activities:

Step I. 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.

.(in +1
6 ,4

(iill + 1
10 4
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STEP 2. Teacher writes 1 - Ion the bb, and helps students to compute the
LCM 4 6

of6 and 4 as follows: 6 = 2x3; 4 = 2x2; LCM = 2x2x3 = 12. Teacher discusses

and guides students to arrange work as follows: 1 - 1

4 6
1...=...1 = 1

12 12

Step 3. Teacher writes I -Ion the bb, and guides students to compute the LCM
9 6

of9 and 6 as follows: 9 = 3x3;, 6= 2x3, LCM = 2x3x3 = 18. Teacher guides

students through discussions to arrange work as follows: I-I
9 6
1........:.2

18
= 1

18

Step 4. Teacher writes 1.. - Ion the bb and asks students to compute it using the
10 4

procedure in step 3. Teacher goes round to assist stndents in difficulties and

discusses the solution on the bb.

Step 5. Evaluation: Teacher asks ,:tudents to work the folIowing questions into

exercise books for corrections.

i) 2 - I
9 6

ii) 1 - 1
4 6

FIFTH SESSION

iii) 1 - 1
10 4

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 ILearning Activities:

Step I. Teacher writes the folIowing examples one after the other on the bb, and

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

the bb.

i) 1 + 1 ii) J. +1
4 6 10 6

Step 2. Teacher writes I Y, + I ,;" on the bb. for discussions. Teacher guides

students through questioning to re-arrange I Y, + I Y. = (1+ I) + (y, + Y.)

=2+\I,+y'

Teacher guides students to compute the LCM of2 and 4 as folIows

2=2x 1,4= 2x2; LCM = 2x2= 4.

Teacher guides students to arrange work as folIows:

I liz + I Y, =2+\I,+y' =2+ 2 + 1=2+ J. = 2 0/.,
4 4

Step 3. Teacher writes 2 \I, + I '/3 on the bb. and guides students to rearrange 2

liz + I '13 as expressed in step 2. Teacher guides students to compute the LCM of

2 and 3 as follows: 2 = 2 x I; 3 = 3 x I, LCM = 2x 3 = 6 .

Teacher guides students to re- arrange work as follows:

211z+1 1/ 3 =(2+1)+('h+ 1
/3)= 3+3+2=3+,2 =3 sh

6 6

Step 4. Teacher writes 3 'h + 2 3/8 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

. I') I 2/3 + 2 'Isexercise books for correctIOn.
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SIXTH 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! Learning Activities:

Step I. 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. )

C.) 3 I C") 2 II --- 11 ---
3 6 5 3

Step 2. Teacher writes 3 Yz - I Y< on the bb. Teacher discusses and guides

students through questioning to re-arrange work as follows:
3 II) - I Y< = C3 - I) + CYz - Y< ) = 2 + CYz - Y<)

Teacher guides students to compute the LCM of2 and 4 and re- arrange work as

follows:
3Yz-IY< =2+Yz-Y<

2+ 2 - I = 2 + Y< = 2 Y<
4

Step 3. Teacher writes 3 2h - I Yz 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:

2Yz-I 1
/) =C2-1)+CYz- 1

/))

=1+3-2
6

= 1+ 'h = I Ih
Step4 Teacher writes 3 Y< - 2 1110 on the bb. and asks students to compute 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.

i)2 2/,-I'/.< ii)3 '/3 -1'/,2 .. ')5 2/ 2 '/~ 111 9- 6

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 / Leaming Activities:

Step I. Teacher writes 3 2/9 - I 'h on the bb and asks students to compute it.

Teacher discusses the solution on the bb.

Step 2. Teacher writes 3 I/. - 2 'Iz on the bb, and guides students through

questioning to arrange work as follows: 3 'l\ - 2 Yz = 11 - 2
4 2
13-.:.l.Q = J.

4 4

Step 3. Teacher writes 2 '/3 - I Yz on the bb and guides students to arrange

work as in step 2. Teacher guides students to compute the LCM of2 a.ld 3, assist

students to arrange work as follows: 2 '/3 - I Yz =~-i
14 - 9 = 5
~ "6
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Step 4. Te~cher write,: 3 'I,. -1'/J IJII th,' "Ii mHJ "..h ::ludelll,.lo C:IJI1IIIlJl'; il '1',;111'

step,; 2 ~lId 3 procedure,;, Te"cher i!0C:; lIJW"J 10 "'::.;';1 ::Iudclll'; ill difJj';ullic': "tid

Step 5. Ev~lu~tjon: Te"d,er :J',h ,:tudelll', 10 worL tl'e Jollow/,II' quc:.lioTJ': illio



APPENDIX J

COMPUTATlON OF ADJUSTED l'dEANS

Statistical tool used for computations

Within groups sum of products
1\'1)' = 1\ly - b (M, - G M, ) where b= Withio groups sum of squares on X

My, = Adjusted mean: GM, = General means; to.'I,=Means of X:

My=Means of Y.

i). Table 6.

i) LCM - I: b = 4205. 3 = O. 16
25522.3

= 13.87

2) Table 8

M)\ = 23.38 - 0.16 (20.75 - 17 . 55) = 22.87

ii)EF-I,
My, = 25- 88 - 0.16 (14. 22- 17.49) = 26.4

iii) LCM-2; b = 221 = 0.01
21141. 5

1\Iy, = 24.02 - O. 01 (23.09- 19.98) = 23.99

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

i)LCM -I; b= 1030.7=0. 14
7109.1

My, = I I. 94 - 0.14 (I I. 29-9.5) = 1I. 69

ii) EE - I
Myx = 13.6- 0.14 - (7.54-9.5)

iii) LCM - '2 b = 229.2 = O. 04
5975.3

M = I I. 48 - 0.04 (I I. 61- 10. 13) = I I. 42y.x

3) Table 10

iv) EF 2;
My, = 13.27 - 0.04 (8.57 - 10.13)

i) LCM - 1; b = ~:~~:~

Myx = 11.44 - O. 21 (9.46- 8.10)

129

= 13.33

= O. 2J

= I I. 15
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APPENDIX K

COMPUTATION OF ANALYSIS OF COVARANCE

Statistical tool uscd for computations.

1. T" - Total sum of squares on X

2. Tyy _Total sum of squares on Y

3. Txy - Sum of products for total data

4. F" - Between groups sum of squares on X

5. Fyy - Between groups sum of squares on Y

6. Fxy - Between groups sum ofproducts

7. E" = Tx> - F,,: Within groups sum of squares on X

8. Ey~. = Tyy -F,,,: Within groups sum of squares on Y

9. Exl' = Txy - Fxy: Within groups sum of products

10. l:y2 = Tyy - (L...0 2: Adjusted total sum of Squares on Y
T",.

II. l:y2 = Eyy - ilix...0 2: Adjusted within groups Sum of squares

E"
I2. Item IO-Item II: Adjusted between groups sum of squares.

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

(K= Number of groups)

14. N-K-I: Degrees offreedom for adjusted within groups sum of squares

(N= Sample size).

15. Item I I: The within grout'S variance
N-K-I

16. Item 12: The between groups variance
K-I

17. Item 16: The within groups variance estimate
Item 15

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

EF Group (N = 50); LX = 71 I, LY = 1294

LCM Group (N = 52); LX = 1079 LY = 1216

Pretest totals = (71 1+1079) = 1790; Post-test totals = 2510

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

Txx = 02+42 + --- + J02 + 102
- (I790i = 26609.3

102
TrY = 182+1 2+ --- 192+ 182

- (2510) 2 = 20576.3
102

132
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Tn = (0)(18) + (4) (1)+ -+ (l0)(19)+(10)(l8)-(1790H2510)' = 3790
102

The between sums of squares and cross rroducts are comruted as follows:

F" = (lill' + (l 079)' - (1790)' = 1087
50 52 102

F,,=(l294)' +(l216)'-(2510)'=158.7
50 52 102

F" =(71]) (1"94) + (l079) PJ6)-(l790) (?510l =-415.3
50 52 102

By subtractions. the \\ithin groups (error) sum of squares are as follows;

El;'\: = Tn -F xx = 25522.3

Sum of squares - J

Pretest (x)

Between 32499.7 -31412.7 = 1087

Within 26609.3 - 1087=25522.3

Total 58022-31412.7=26609.3

Sum ofproducts - 1

PosUest

61924.4 - 61765.7=158.7

20576.3-158.7=20417.6

82342-61765.7=20576.3

Between

\\'ithin

Total

43632.7- 44048 =- 415.3

3790-(-4153) ~ 4205.3

47838- 44048 = 3790

The adjusted total sum of squares for y = 20576.3 - (3790)' = 20036.5
26609.3

The adjusted \\ithin groups sum f squares = 204176.3 - (4205.3)' = 19724.7
25522.3
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The adjusted between groups sum of squares = 20036.5 - 19724.7 = 311.8

Sum of Squares -2

Pretest (x)

Between 42996.5-41920=1076-5

With in 22218 -1076.5 = 21141.5

Total 64138 - 41920 = 22218

PosHest (y)

63680.3 - 63640.2 = 40.1

18234.8-40.1 = 18194.7

81875-63640.2 = 18234.8

Between

Within

Total

Sum of Products - 2

51443-51650-8 = -207.8

13.2 - (- 207.8) = 221

51664 - 51650.8 = 13.2

The adjusted total sum of squares for y

= 18234.8 - (13.2)2 = 18227
22218

The adjusted within groups sum of square = 18194.7 - QIl}2 = 18192.4
21141.5

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

Hypothesis Two

Sum of squares - I

Between

Within

Total

Pretest (x)

9468.9 - 9110.7 = 358.2

7467.3 - 358.2 = 7109.1

16578- 9110.7= 7467.3

P03ltest (y)

16664.2 - 594.1 =70.1

5834.9 - 70.1 =5764.8

22429-16594.1 = 5834.9
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Sum of products - I

Between

Within

Total

12137.3 - 12295.7 = -158.4

872.3-(-158.4)= 1030.7

13168 - 12295.7 = 872.3

The adjusted total sum of squares for y,

= 5834.9 - (872.3) 2 = 5733
7467.3

TIle adjusted within groups sum of squares
= 5764.8- (1030.7)2 = 5615.4

7109. j

The adjusted between groups sum of squares,

= 5733-5615.5 = 117.6

Sum of Squares - 2

Pretest (x) Posttest (y)

Between

Within

Total

Between

Within

Total

11024.7 -10781.9=242.8

6218.1 - 242.8 = 5975.3

J7000-1 0781.9 ~ 621 8.1

Sum of products - 2

12999.8-13142.9 = -143.1

86.1-(-143.1) = 229.2

13229·13142.9 ~ 86. I

16105.3-16021=84.3

5922-84.3 = 5837.3

21943-16021 ~5922

TIle adjusted total sum of squares for y.

= 5922- (86.1 )2 = 5920.8
6218.1

TIle adjusted within groups sum of squares,

= 5837.3 - C229.2i = 5828.5
5975.3

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

Sum of squares - I----------

Between

Within

Total

Pretest (x)

6886.2-6689~197.2

7063-197.2 ~ 6865.8

13752 - 6689~7063

Sum of products - I

Posttest (y)

14348. I- I4330.2 ~ 17.9

7108.8-17.9 ~ 7090.9

21439 - 14330,2 ~ 7108.8

Between

Within

Total

9731.1- 9790.5 ~ -59.4

1356.5-(- 59.4)~ 1415.9

II 147-9790.5 ~ 1356.5

The adjusted total sum of squares for y

~ 7108 - (1356.5)2 ~ 6847.5
7063

The adjusted within groups sum of squares

~ 7090.9 - (1415.9)2 ~ 6798.9
r,865.8

TIle adjusted between groups sum of squares, ~ 6847.5-6798.9 ~ 48.6

Sum of squares - 2

=

Between

Within

Total

Between

Within

Total

Pretest (x)

10456.3 -10162.8 ~ 293.5

6250.2 - 293.5 ~ 5956.7

16413-10162.8~6250.2

Sum of products - 2

12720.3-12671.5 ~ 48.8

-68.5 - 48.8~ - 117.3

12603-12671.5~-68.5

Post-test (y)

15807.6 - 15799.5 ~ 8. I

6136.5 - 8. 1 ~ 6128. 4

21936-15799.5~6 136.5



Thc adjusted total sum of squares for y,

~ 6136.5 - (- liR.5i ~ (,135.7
6250.2

TI1C adjusted within groups sum of squarcs

~6128.4-(-117.3)2 ~6126.1

5956.7

The adjusted between groups urn of squares

~ 6135.7- 6126.1 ~ 9.6

Hypothesis Four

Sum of squares - 1

137

Between

Within

Total

Between

Within

Total

Postlest (x)

61924.4-61765.7~158.7

20576.3 - 158.7 ~ 20417.6

82342-61765.7 ~ 20576.3

Sum of Products-l

57170.3- 57114.8 ~ 55.5

2231.2 - 55.5 ~ 2157.7

59346-5711 4.8 ~ 2231.2

Retention Test (y)

52833.6-52814.1 ~ 19.5

20776.9 - I9.5~20757.4

73591-52814.1 ~20776.9

•

The adjusted total sum of squares for y

= 20776.9 - (2231.2)2 ~ 20535
20576.3

The adjusted within groups sum of squares
=20757.4-(2175.7)2 ~20525.6

20417.6
The adjusted between groups urn of squares ~20535 - 20525.6 ~ 9.4



Sum of squares- 2

Posltest (x) Retention test (y)

138

Between

Within

Total

Between

Within

Total

63680.3- 63640.2 = 40.1

18234.8 -40.1 = 18194.7

81875-63640.2 = 18234.8

Sum of products - 2

66671.9-66619.1 = 52.8

2462.9 - 52.8 = 2410.1

69082 - 66619.1 = 2462.9

6980':;.8 - 69737.5 = 69.3

14474.5-69.3= 14405.2

84212-69737.5 = 14474.5

The adjusted total sum of squares for y,

= 14474.5-(246?9)'= 14141.8
18234.8

The adjusted within group :"Urn of squares

= 14405.2-(?41O.])' = 14086
18194.7

The adjusted between groups um of squares,

= 14141.8- 14086=55.8

Hypothesis Fi\'e

Sum of squares - I

Between

Within

Total

Posltest (x)

16664.2 - 16594.1 = 70.1

5834.9 - 70.1 = 5764.8

22429-16594.1 = 5834.9

Retention Test (y)

13207.5 -13146.7 = 60.8

5491.3 - 60.8 = 5430.5

18638-13146.7 = 5491.3
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Sum of producis - r
Between

Within

Total

14835.4-14770.2 = 65.2

2545.8-65.2 = 2480.6

17316-14770.2 =2545.8

The adjusted total sum of squares for y

5491.3 - (2545.8])2 =4380.6
5834.9

The adjusted with groups sum of squares,

= 5430.5 - (2480.6) 2 = 4363.1
5764.8

The adjusted between groups sum or-squares,

4380.6-4363.1 = 17.5

Sum of squarc - 2
Posttest (x) Retention Test (y)

Between

Within

Total

Between

Within

Total

16105.3 -16021= 84.3

5922-84.3 = 5837.7

2194i-16021=5922

Sum of Products - 2

17494.9-17429.2 = 65.7

495.8 - 65.7 = 430.1

17925 - 17429.2 = 495.8

19012.4 18961.1 = 51.3

5191.8-51.3=510.5

24153 - 18961.2 = 5191.8

The adjusted total sum of squares for y

= 5191.8 -(495.8)2 = 5150.3
5922

The adjusted within groups sum of squares, = 5140.5 -(430.])2 = 5108.8
5837.7
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The adjusted bctween groups sum of sq'Jares,= 5 I50.3- 5108.8 = 41.5

Hypothesis six

Sum of squarc - I

Between

Within

Total

Between

Within

Total

Postlest (x)

14348.1 -14330.2 = 17.9

7108.8 - 17.9 = 7090.9

21439-14330.2 -7108.8

Sum of Products - I

13770.6 -13785 = -14.4

3493 - (- 14.4) = 3507.4

17278 - 13785 = 3493

Rctention Test (y)

13272 -13260.5 = I 1.5

6936.5- I 1.5 = 6925

20197-13260.5-6936.5

The adjusted total sum of square for y,

= 6936.5 (3493l = 5220.2
7] ')8.8

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

-

Between

Within

Total

Postlest (x)

15807.6 -15799.5 = 8.1

6136.5 - 8.1 = 6128.4

21936-15799.5 =6136.5

Retention Test (y)

15973.1 15971.7 = 1.4

4681.3-1.4 = 4679.9

20653-15971.7 =4681.3
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To:3J

-~l- (' ') '0-:-~ • J - -_"'.-. = :-~:-. I

16-:6i - 15885.3 ~ 581.7

1 ' •-,

The adjusted t0tal stun of squ:rres fC'r y.

~ ~6SJ.3 -1581.7i' ~ ~6:6.:

6136.5
The ~djusted \\ithin grcup3 su:n of ~:p2r~s

:;:: ~679_o - (5S5.]): :;:: .!6:-:
61:8.~

= ~6::6.: - J6::~ :;:: 2.2



COMPI nATIONS OF DEPENDENT '1'- TEST

Statistical tools used for computations

I) Linear correlation coefficient

N Lxy-Q:X) (l)

ii) Dependent t- test.

- -
t = X, - X2

J s,2+~l-2f~JJ[fu J"

N N ~N -IN

Hypothesis Seven

i) Linear correlation coeflicient

Pretest (x) -Posttcst (y)

r, = NL xy - (L. "<)(LY)

,,! [NLX2
- (Lx )2 ] ILl - (Ld]

(0)(20497) - (711) 1294)

r, = [(50) (24679) -(711)2] [(50) (44XOX-(1294)']

r. = 0.J632

ii) Dependent t- test
l' = 291.4 = 1.13 (Variance are homogeneous)

25X.6

Pretest mean = X2 ; Posttest mean = XI

142
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25.88-14.22

226.5 +291.4-2 (0. 1632) (15.05]G7.071
50 50 t7.07 C7.0V

tl = 3.95

i) Linear correlation coefficient
Pres test (x) Post-test (y)

NI xy - (I x) (Iy)J[NIX
2

- (2 x) 2 J [NIl - (IyiJ

(51) (21408) - (1288) (851)

r2 = [ (51 )(2601 5) -(851) 2 J[ (51)(42310)-(1288) 2 J

r2 = - O. 0078

ii) Dependent t- test
F = 231.6 = 1.21 (variances are homogenous)

191.8 _
pretest mean = X2 Posltest mean = XI



t: =

25.~5-16.69

1 I?1.8 ~ 23_l.6 - 2 (-0. 007S{ 15.2?1 (J3.,8S.!
"'1 )1)1 l7.1_) t· l- )

t: = 2. 96

Hypothesis Eight

i) Linear correlation coefficient

Pretest (xl - Posnest (y)

(51) (16933) - (1079) (1216)

r, = [(52) (333~3)-{1079)'] [(52) (37534)-(1216)2]

r, =0.1704

ii) Dependent t- tested
F = 210.3 = 1.2 (variances are homogeneous)

175 _
Pretest mean = X2 Posnest mean = x,

23.38 - 20.75

T ••,--

t, =

t, l.06

175'" 210.3 - 2 (0. 17~)
52 52

-

(54) (29856) - (P471 (P971

r2 = [(54)(38123)-{1247)2] [(54)(39565)-{1297)2]

r2 =- O. 0107



ii) Dependent t- test .
F = 172.7 = I.! I (variances are homogeneous)

155.8
Pretest mean = X2 Post-test mean = X,

24.02 - 23.09

145

h =

t2 = 0.375

155.8 + 172.7 -2 (-0. 0107)[ 1~.481 (J,3:1~
54 54 7.J5 J t.J) j

Hypothesis Nine

i) Linear correlation coefficient

Posttest (x) Retention (y)

(50) (36794) - (]294) (1160)

[, = [(50) (44808) -(1294)2] [(50) (39834)-(1160)2]

r, = 0.56

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

226.5 _ _
Posttest mean = X, Re[ention Test means = X2

25.88 - 23.?

226.5 + 258.6 - 2 (0. 56)
50 50

I, = I. 295

i) Linear correlation coefficient

16.08
7.07

Posttest (x) Retention (y)

(5 t) (35753) - (1288) (1357)

T2 = [(5I)(4231O)-{1288) ][ (51)(42619)-(1357) ]
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I
I

I

ii) Dependent t- test
F = 191.8 = 1.5 (variances are homogeneous)

127.1
Posttest mean = X2 Retention Test means = XI

26.61 - 25.25

146

127.7 + 191.8 - 2 (0. 1857)
51 51

03.85J
l?14

t2 = O. 601

Hypothesis Ten

i) Linear correlation coefficient

Posttest (x) Retention (y)

-
Retention Test means = X2

II
I
I

i
I
!

(52) (30568) - (1216) (1161)

[ (52) (37534) -(1216) 2] [ (52) (33757)-(1161) 2]

r\ = 0.409

ii) Dependent t- test
F = 175.03 = 1.16 (variances are homogeneous)

150.8
Posttest mean = XI

23.38 - 22.33

175.03 + 150.8-2 (0. 409) r13.23J 12.28
52 52 L7.21 7.21

tl =0.544

Linear correlation coefficienti)

Posttest (x) Retention (y)
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APPENDIXM

CLASSIFICATION OF ERRORS

EF Group (N= 101)

(Addition & Subtraction of Fractions)

Error Pretest Postlest Retention Test

Noof % Total No of % Total No of"10 Total

Errors Errors Errors Errors Errors Errors

117 32.5 25 8.6 14 5.6

II 83 23./ 13 4.5 4 1.6

III 17 4.7 9 3./ 6 2.4

1V lIS 31.9 230 78.8 205 82.7

V 28 7.8 15 5.1 19 7.7

TOTAL 360 100% 292 100% 248 100%

LCM Group (N= 106) Addition an Subtraction ofFractions

Error Pretest Postlest Retention Test

No of %TotalNoof

Errors

% Total

Errors

No of

Errors

% Total

Errors Errors Errors

I 31 10.2 36 10./ 18 5.0

II 29 9.5 27 7.6 /3 3.6

III 23 7.5 71 20.0 15 4./

IV 218 71.5 2/3 60 299 82.1

V 4 1.3 8 2.3 19 5.2

Total 305 100% 355 100% 364 100%

Key:

I. Sum ofNumerators over sum of Denominators

11. Difference of numerators over Difference of Denominators.

Ill. Use ofDenominators other than the LCD

iV. Failure to simplifY answers

v. Incorrect simplification of answers

148



APPENDIXN

TOTAL RA \V SCORES OF THE EQLTIVALENT FRACTIONS (EF) GROUP
ON THE PRETEST, POSTIEST At\JD RETENTION TEST ON ADDITION

AND SUBTRACTION OF FRACTIONS SCORED OUT OF 50

(16) ()
20 19

First digit of Second Digit ofStudent's Number
Student's No 0 1 2 3 4 5 6 7 8 9
0 [OJ [4) [33) [4) [4) [0) [0) [0) [OJ

(18) (I) (41) (28) (9) (14) (5) (9) (9)
I I 0 38 6 23 8 17 13 17

I [0) [0) [I4J [0) [49) [26) [ I) [0) [33) [0)
(22) (7) (31) (34) (37) (10) (50) (0) (10) (37)
21 19 23 2 48 25 37 12 0 34

2 [I ) [36) [10) [20) [10) [0) [3) [46J [OJ [39J
(39) (43) (41) (5) (9) (49) (10) (46) (40) (35)
50 42 38 42 29 12 49 44 20 45

3 [41) [6) [0) [0) [30) [9) [49) [42J [OJ [0)
(10) (20) (34) (39) (34) (24) (41) (9) (40)(44)
0 20 39 19 27 41 28 0 45 46

4 [4J [23J [43) [15J [39) [48J [12J [0) [13 J [OJ
(38) (42) (50) (14) (29) (23) (29) (24) (13) (42)
9 38 49 0 12 19 50 21 0 8

5. [4J [6J [21J [23J [33) [10) [8) [30) [16J [0)
(6) (34) (8) (9) (8) (44) (45) (8) (50) (47)
5 23 27 II 29 36 31 28 24 8

6. [4) [5) [39) [42] [5) [49) [39) [40) [39) [OJ
(24) (45) (32) (I I) (33) (39) (48) (23) (25) (20)
8 41 39 5 40 23 24 31 18 36

7. [0) [OJ [44) [9) [0) [0) (0) [22) [43J [21J
(19) (25) (49) (31) (35) (27) (17) (27) (27) (38)
45 34 II 27 9 45 43 36 40 16

8. [46) [lOJ [5) [4) [4J [8) [8) [8J [23) [5)

(31) (9) (12) (4) (31) (28) (44) (10) (40) (31)
35 16 21 25 44 22 41 25 28 39

9. [0) [l7) [22) (34) [8J [25J [36J [6J [OJ [14J
(22) (19) (6) (2) (2) (29) (6) (9) (33) (38)
42 23 35 8 27 20 10 12 22 35

10. [5) [I5)
18

Key: [ 1Pretest ( ) Posttest

Non-bracket: Retention test

EFGroup-l: I-50

EF Group -2: 51-101

149



APPENDIXP
TOTAL RAW SCORES OF THE LEAST COMMON MULTIPLE (LCM)
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 ofStuden't's Number

0 I 2 3 4 5 6 7 8 9
0 [17] [ I] [0] [0] [0] [0] [34] [25] 38]

(29) {I 6) (OJ (4) (8) (4) (39) (21) (39)
28 33 8 12 13 8 34 4 37

J. [32] [4] [26] [28] [0] [14] [14] [7] [I I] [10]
(39) (31) (7) (23) (33) (43) {I 9) (33) (l2) (40)
38 29 13 30 15 31 23 14 33 39

2. [12] [34] [34] [16] [15] [37] [46] [20] [18] [19]
(34) (l2) (9) (7) (8) (IO) (20) (18) (37) (36)
19 12 4 8 0 33 21 8 38 12

3. [16] [17] [8] [4] [5] [48] [34] [42] [27] [31]
(42) (29) (47) (IS) (I I) (9) (IO) (44) (34) (41)
42 15 15 0 36 40 39 38 33 25

4. [0] [0] [23] [43] [35] [35] [37] [32] [41] [42]
(22) (7) (21) (30) (l4) (5) (29) (41) (41) (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) (l2) (24) (24) (18)
9 34 14 37 21 15 37 27 21 39

6. [20] [30] [l6J [21] [14] [8] [42] [36] [14] [32]
(31 ) (28) (20) (39) (6) (I I) (l7) {I 0) (23) (42)
40 4 7 7 12 13 15 42 35 19

7. [27] [20] [14] [10] [0] [10] [6] [6] [42] [25]
(32) (30) (37) (41) . (13) (13) (44) (43) (37) (29)
36 10 13 27 43 40 41 37 45 40

8. [29] [27] [35] [19] [13] [9] [9] [5] [45] [35]
(I) (45) (9) (34) (14) (23) (34) (44) (43) (42)
41 31 10 38 27 37 36 34 23 5

9. [40] [41] [42] [38] [4] [8] [0] [21] [18] [27]
{I 8) (35) (20) (9) (5) (27) (8) (25) (0) (20)
25 10 20 6 17 12 4 17 20 23

10. [30] [33] [0] [39] [27] [27] [27]
(6) (9) (21) (20) (l8) (36) {I 8)
16 32 33 25 27 31 26

Key: [ ] Pretest () Posttest

Non- brackets: Retentioo test

LCM Group - I-52; LCM Group - 2: 53- 106
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APPENDIX 0
RAW SCORES OF THE EQUIVALENT FRACTIONS (EF) GROUP ON THE

PRETEST, POSTTEST AND RETENTION TEST ON AD·DITION OF
FRACTIONS SCORED OUT OF 25

First Digit of
Student's No Second Digit of Student's Number.

0 I 2 3 4 5 6 7 8 9
0 [0] [0] [16] [4] [4] [5] [0] [0] [0]

(4) (I) (19) (19) (5) (9) (5) (9) (5)
7 0 18 I 12 4 13 8 10

J. [0] [0] [8] [0] [24] [14] [0] [0] [20] [0]
(10) (I) (25) (20) (12) (10) (25) (0) (I) (21 ).
4 10 14 I 25 18 14 0 0 13

2. [0] [18] [6] [ 14] [5] [0] [0] [21] [0] [J7]
(18) (22) (19 ) (5 ) (5 ) (24 ) ( 5) (23) [(19) (15)
25 17 20 24 15 8 4 24 20 23

3. [22] [ 5] [0 ] [0 ] [9 ] [4 ] [24 ] [24] [0] [0]
(10) (20) (17) (19) (19) (15) (19) (5) (20) (23)
0 20 22 14 17 23 14 0 22 21

4. [0] [23] [20] [11] [ 19] [24] [8] [0] [13] [0]
(16) (23) (25) (9) (6) (5) ( 19) (20) (12) (21)
5 19 25 0 0 0 25 20 0 8

5. [0] [6] [5] [5] [16] [4] [4] [25] [10] [0]
(I) (20) (4) (4) (4) (22) (23) (4) (25) (24)
0 13 18 0 9 16 II 4 20 4

6. [4] [0] [22] [21] [5] [24] [17] [ 18] [17] [0]
(14) (22) (14) (7) (21) (14) (23) . (10) (0) (19)
4 25 25 5 23 18 5 14 13 21

7. [0] [0] [24] [4] [0] [0] [0] [5] [19] [16]
(19) (21) (25) (18) (18) (17) (12) (14) (14) (21)
25 17 7 23 5 25 23 19 20 I I

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 I I 20 13 I I 22

9. [0] [8] [9] [19] [4] [13] [19] [5] [0] [9]
(0) (15) (2) (2) (2) (15) (5) (5) (17) (21)
24 14 21 4 22 II 4 4 14 25

10. [5] [6]
(8) (II)
0 4

Key: [ ] Pretest

Non- bracket: Retention test

EF - I: I-50

EF -2: 51-lO1

( ) Posttest
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APP8\DIXR

RA\V SCORES OF THE LO\ GROUP 0:-; THE PRETEST. POSTIEST A.l'iD
RETE:\TIO:\ TEST 0;-"; ADDITION OF FRACTlO:-\S SCORED OUT OF 25.

First Digit of
Student's 1':0 Second Digit ofStudent's Numr-er.

0 I 2 3 4 5 6 7 S 9
0 [9J [I] [OJ [0] [OJ {OJ [22] [21] [20]

(21) (12) (0) (0) (4) (0) (21) (21) (1 0 )

16 IS 4 6 9 4 16 4 17

I. [IS] [4] [13] [14] [OJ [6J [6] [7] [6] [5]
(19) (12) ( 12) ( 10) ( 14) ( 19) ( 13) ( 14) (3) (20)
17 10 7 16 9 9 10 S 13 16,
[6J [I S] [I SJ [9] [9J [l7J [23] [l7J [10] [ 15]
(14) (6) (9) (7) (S) (3) (20) (5) (19) (21)
12 S 0 3 0 12 12 5 17 7

3. [IOJ [9J [4] [0] [I J [Z4J [21] [21] [19] [ 12J
(21) (20) (23) (6) (9) (3) (7) (21) ( 13) (21)
19 ~ 10 0 16 IS 16 17 16 9

4, [0] [0] [9J [19J (17) [17] [20J [23J [19] [21]
(0) (7) (13) (16) (3) (3) (15) (21) (21) (16)
10 S 7 6 S IS 17 16 10 4

5. [14J [7] [6J [23J [13J [19J [23J [ 14] [15] [2]
(II) (7) (S) (13) (I S) (II ) (6) ( 12) (12) (0)
S IS S 16 S 11 17 S 16 IS

6. [SJ [ 17J [9J [13J [SJ [4J [23] [19J [14 [ 15]
(10) (14) (I S) ( IS) (4) (0) ( 17) (3) (9) (22)
19 3 7 3 6 5 7 20 15 11

7, [15J [S] [IOJ [4] [OJ [2) [2 J [2J [23] [12]
(17) (13) (17) (21) (5) (5) (24) (22) (17) (17)
20 5 S S 21 20 20 17 20 IS

s. [lSJ [14] [15J [10J [4J [4J [1] [IJ [25J [19]
(0) (20) (0) (19) (4) (0) ( 16) (22) (21) (22)
20 15 6 19 18 20 19 13 15 4

9. [21] [22] [l7J [13J [4J [4J [OJ [12J [7J [! 31
(10) (19) (16) (9) (3) (9) (0) ( (2) (0) (4)
4 6 11 I 6 6 4 4 10 13

10, [13] [ 13] [0] [ISJ [14J [14] [ I4J
(0) (3) (II ) (16) (8) (S) (20)
S IS 22 16 IS IS 18

Key: [ 1Pretest ( ) PoSllcst

Non· bracket: Retention Test

LCI'.I Group' \: \·52; LCI'.I Group-2: 53·106
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APPENDlXS
FREQUENCY DISTRlBUTION OF MARKS EF GROUP (N= 101)

(Addition and Subtraction of Fractions)
MARKS

Questionffest 6 5 4 3 2 0

TI 23 39 2 36
T2 42 45 3 II
T3 27 54 19

TI 5 26 6 5 59
2 T2 12 50 2 3 4 30

T3 34 26 2 4 6 29

TI 26 2 4 6 63
3 T2 27 I 8 65

T3 51 I 6 42

TI 18 3 8 2 4 66
4 T2 25 II 16 4 8 37

T3 13 12 12 3 10 51

TI I 1 6 I 5 10 68
5 T2 42 4 4 6 21 24

T3 49 2 I I 2 5 32

II TI 17 39 2 43

i'
6 T2 23 55 23

T3 23 58 20
I

TI 20 I I 3 5 61
7 T2 28 27 ,

4 39J

T3
TI 23 4 2 ,

69J

8 T2 40 I 2 5 53
1, T3 48 I I 6 45

TI 8 15 3 3 71
9 T2 25 20 2 4 50

T3 16 30 I 7 46

TI 12 6 2 I I 70
10 T2 27 9 4 3 4 6 48

T3 13 2 I 40 45
KEY:
TI- Pretest

II

T2- Posttest
T3 - Retention Test.

Ii
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APPENDIXT
FREQUENCY DISTRJBUTION OF "lARKS LeM GROUP (N= 106)

Addition and Sub~raction of Fractions

Questionsrrest MARKS
6 5 4 3 2 I 0

TI 25 48 2 9 21
T2 37 34 2 18 14
T3 23 58 2 6 17

TI 7 42 I 21 8 27
2 T2 9 42 7 12 17 19

T3 19 32 2 9 19 25

TI 2 54 3 2 10 30
3 T2 24 3 5 5 69

1'3 52 2 6 9 37

TI 13 4 29 3 10 47
4 T2 2 14 " 3 3 II 40.D

T3 5 15 24 6 4
,

49~

TI 23 8 2 4 I I 58
5 T2 23 17 2 9 27 .28

1'3 36 16 4 4 12 34

Tl 15 63 3 24
6 T2 38 44 2

,
19~

T3 17 57 I 5 26

TI 2J 39 4 5 36
7 T2 22 35 5 12 8 24

T3 I I 29 6 9 13 38

TI 43 9 3 6 45
8 T2 46 3 7 13 37

T3 42 4 3 9 48

TI 3 33 2 4 5 59
9 T2 8 28 6 8 56

T3 4 35 9 I 5 52

TI 5 13 II 2 19 56

10 TI 7 4 ?' 4 7 27 34-~

T3 8 14 12 4 10 16 42

Key:
TI- Pretest
TI- Posttest
D- Retention Test.
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APPE\TIIX l'
R:\W SCORES OF THE EF GROn 0); THE PRETEST, POSTTEST .-\.'.,"D
RE1E"llOX TEST OX Sl"BTR-\CllO); OF FR....CllOXS SCORED m-T OF
25

Firn di£it of I
Student's :'\0

1 0
o

Second Digit ofSrudent·s ~umber.
1 ..... 3 ~ 5

[~ ~ [In ~ ~
(I':) (0) (22) (9) (4)

.: 0 '0 5 I I

6
[0]
(5)
-1

S 0

[0] [0] [0]
(01 (0) (-1)
4 5 '7

I. [0]
(l2)
17

[0] [6] [0] [25] [12]
(6) (6) (I;) (25) (0)
9 9 ] 23 7

[I]
(25)

[0] [I3] [0]
(0) (9) (16)
12 0 21

[25] [0] [22]
(23) (21) (201
"0 0"

[3]
(5)

IS] [-1] [6] [5] [0]
(21) (22) (0) (-1) (25)

'" is lS l~ 4

2_ I [1]

i~~I)
I '-- -- - -

3_ [19] [I] [0] [0] [2 I] [5] [25] [I S] [0] [0]
(0) (0) (17) (20) (15) (9) (22) (;) (20) (2 I)
0 0 17 5 10 IS 1-1 0 ~, ""-1_ [-1] [0] [23] [-1] [20] [2-1] [-1] [0] [0] [0]
(22) (19) (25) (5) (23) (lS) (10) (-1) (I) (2]). 19 ~. 0 12 19 ~5 I 0 0~ ~

5. [-1] [0] [16] [I S] [In [6] [-1] [5] [6] [0]
(5) (l':) (-1) (5) (-1) (22) (22) (-1 ) (25) (23)
5 0 0 0 20 20 "0 ~. -1 -1- ~ ...

6_ [0] [5] [17] f2J] [0] [25] [22] [22] [22] [0]
( 10) (23) (lS) (-1 ) ( 12) (25) (25) (13) (25) (0)
-1 16 1-1 0 17 5 19 17 5 15

7_ [0] [0] [20] [5] [0] [0] [0] [17] [2-1] [5]
(0) (-1) (2-1) (13) (17) (10) (5) (13) (25) (23)

20 17 -1 • • 20 20 17 20 "~ ~

S. [23] [-1] [5] [0] [-1] [-1] [-1] [-1] [-1] [0]
(13) (-1) (-1 ) (-1) (13) (I S) (25) (0) (21) (I S)

1-1 P • 17 19 1I 21 1:: r; II~

9_ [0] [9] [13] [IS] [-1] [12] [I J] [I] [0] [5]
(22) (-1) (-1) (0) (0) (1-1) (Il (-1) (16) (17)

IS 9 l-1 -1 5 9 0 0 S 10

10_

I
[0] [9]
(S) (7)
20 ]5

Ke~: [ ] Pretest ( ) Posnest

?':on- bracket: Retention Test

EF- I: I-50; EF -2: 51-101
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APPENDIX V
RA W SCORES OF THE LOI GROUP 0" THE PRETEST. POSTTEST :\?'D
RETENTION TEST ON SUBTRACTION OF FRACTIONS SCORED OUT OF
25

First digit of
Student's No Second Digit of Student's Numher

0 I 2 3 4 5 6 7 8 9
O. [8] [OJ [OJ [0] [0] [0] [ 12J [4] [18]

(8) (4) (0) (4) (4) (4) (I S) (0) (20)
12 15 4 6 4 4 18 0 20

I. [14] [OJ [13] [14] [0] [8J [8] [0] [5] [5]
(20) (19) (5) (13) (19) (24) (6) (19) (9) (20)
21 19 6 14 6 22 13 6 20 0'

-~

2. [6] [16] [l6J [7] [6] [20J [26] [3J [8] [4]
(20) (6) (0) (0) (0) (7) (0) (13) (18)(15)
7 4 4 5 0 21 9 3 21 5

3. [6] [S] [4] [4 J [4J [24J [13J [21 ] [8J [19]
(2 I) (9) (24) (9) (0' (6) (3) (23) (21) (20)-I
23 8 5 0 20 22 0' 21 17 16-~

4. [0] [0] [14] [24J [18J [18J [17J [9] [22] [21]
(22) (0) (8) ( 14) (1 I) (2) ( 14) (20) (20)( 15)
2 0 7 4 7 14 21 16 16 14

5. [13 J [3 J [4] [17J [17] [14 J [17J [13J [l9J [OJ
(14 ) (12) (10) (20) ( 12) (15) (6) ( 12) (12)(18)
I 16 6 21 13 4 20 . 19 5 21

6. [ 7J [13] [7J [8J [6] [4J (19] [17J [0] [l7J
(21 ) ( 14) (2) (21 ) (2) (II) (0) (7) (14) (20)
21 I 0 4 6 8 8 22 20 6

7. [12] [ 12] [4] [6J [0] [8] [4] [4J [19] [13]
(15) ( 17) (20) (20) (8) (8) (20) (21) (20)(12)
16 5 5 19 22 20 21 20 25 22

8. [II J [13 ] [20] [9J [9] [4 J [8J [4J 20][16J
(I) (25) (9) (15) (10) (23) ( 18) (22) (22) (20)

21 16 4 19 9 17 17 21 8 I

9. [19J [19] [25] [25] [0] [4J [OJ [9J [II] [14]
(8) (16) (4) (0) (2) ( 18) (8) (13) (0) (16)

II 4 9 5 \I 6 a 13 10 10

10. [l7J [20] [0] [21] [13 J 13] [13 J
(5) (6) (10) (4) (10) ( 16) (8)

8 14 II 9 9 13 8

Kcy: [ 1Prctcst ( ) Posttcst

Non- braekct: Retcntion tcst

LCM -I: 1-52; LCM - 2: 53-lOG
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