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ABSTRACT

The purpose of the stud& was to investigate the relative
effectiveness 6f a concrete materials céntéred approach for
teéching introductory topics in fractions to Grade 4 pupils,

The set of materials consisted of a kit of colored paper strips
of varying lengths constructed by each pupil,

The students in the two Grade 4 classes in a Greater Victoria
elementary school were assigned on a stratified random basis to
two groups for the studﬁ. Both groups were taught by the same
teacher using large group instruction fof the trea#ments which
lasted for fifteen congecutive instructional periods,

Subjects in the Experimental Group each cornstructed a fraction
kit and made use of the strips for approxié;tely half of the
instructional time, Subjects in the Control Group studied
fractions as outlined in the prescribed textbook and did not use
concrete ﬁéterials.

Instruments were developed to compare.thg two groups on
initial achievement, retention, and transfer and to ascertain
the reaction of students-to the instructional treatments, Both
pencil and paper tests and performance type tests requiring the
manipulation of physical materials were developed for the study.

No significant differences were found between the group mean

scores on any of the four tests either immediately following
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the treatments or two months after the treatments. Neither
treatment was found to be more suitable than the other for
students of any of the three ability levels. Each group responded
favorably to its treatment, Within the Experimental Group students
of average ability tended to respond more favorably to the use of

the fraction kit than either the high or low ability students.

Examiners:
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CHAPTER 1

INTRODUCTION

BACKGROUND AND NEED FOR THE STUDY

The study of fractions has long been a source of confusion
and difficulty for both students and teachers, Price (1969)
writes:

Fractions probably give trouble to more teachers,

and thus more pupils, than any other single topic

in elementary school mathematics (p.111).
Because of the difficulty caused by fraétions, researchers for
many years have been inyestigating this topie in an attempt to
determine the most effective methods fo} teaching it. It is
noteworthy that a lack of mastery of the eaéiy'work, particularly
skills involving equivalent fractions, seem to account for a large
portion of pupil errors in computation involving fractions
(Brueckner,‘1928; Hinkelman, 1956; Anderson, 1966).

With the coming of '"modern Mathematics"™ to North America in
the early 1960's, a renewed interest devel;ped in the role of
‘concrete materials in mathematics instruction, The theories and
work of educators agd psychologists such as Piaget, Bruner, and
Dienes also lent support for the use of such materials with
elementary school students. With this new emphasis on manipulation

of physical objects, approaches such as the Cuisenaire method

(Cuisenaire and Gattegno, 1955) and the mathematics lahoratory have

-



become popular.

Kieren (1971) defines two broad questions concerning concrete
materials which research has left unanswered:

In what particular ways does an action-image-symbol

sequence, or components thereof, affect mathematics

learning? For whom, for which topics, and with what

materials are manipulative and play-like activities

valuable? (p. 232)
A wide variety of concrete materials have been recommended by
researchers and teachers for the teaching of fractions. One
inexpensive and easy to construct aid is a fraction kit consisting

of a variety of colored paper strips which represent the more

common unit fractions.
THE PROBLEM

The purpose of the study was to determine the relative
effectiveness of using pupil constructed fr;ction kits for teaching
introductory topics in fractions at the:Grade 4 level, Ansvers
to the following questions were sought:

(1) Would the use of this manipulative materials approach

be more effective in introducing fractions than a

textbook centred approach?

(2) Would the effectiveness of either of these two methods
vary with the ability level of the students?

(3) Are there any differences in transfer benefits between the
concrete and the textbook approaches?

(4) Would performance type concrete materials tests detect a
different level of learning effectiveness?

{5 ). What would be the reaction of students to learning fractions
by this manipulative approach?



THE EXPERIMENTAL SETTING

Two groups were formed from the two Grade 4 classes in a

single elementary school.

The Experimental Group

The Experimental Group was introduced to the study of fractions
through the use of a fraction kit (Appendix A) which each student
first constructed, This kit consisted of a number of colored paper
strips cut to varying lengths to correspond to common unit fractions.
The class was instructed in one large group. About half of the
fifteen instructional periods taken for the treatment were used for

constructing and manipulating the fraction strips.

"The Control Group

The Control Group studied fractions using the prescribed

textbook, Seeing Through Arithmetic (Gage, 1960). Activities for

this treatment included blackboard and textbook illustrations and
pencil and paper sketches, buft no manipulation of physical materials
(Appendix B). The same teacher instructed both the Experimental and

Control Groups.

QUTLINE OF THE REPORT

The present chapter h;s introduced the problem. Chapter 11
.reviews the literature related to the study. Chapter 111 includes
a description of the dévelopment of the experimental programme and
the desigﬁ of the study. The resulis of the investigation are

reported in Chapter 1V, and Chaﬁter V contains a summary of the

.



study and the conclusions and implications drawn from it,



CHAPTER 11

REVIEW OF THE LITERATURE

In this chapter literature relating to the use of concrete
materials in mathematics instruction is reviewed, The first part
of the chapter examines the. theoretical basis.for manipulative
materials., This is followed by a survey of statistical research
which explores the effectiveness of using concrete materials in
teaching mathematics., Finally, action research and statistical
research investigating the use of physical materials in the teaching

of fractions is discussed,

THEORETICAL BASIS

The idea of using-concrete materials in mathematics instruction
is not new, Pestalozzi in 1801 and Colburn in 1821 initiated
mathematics instruction utilizing bhysical materials. Recent.

.mathematiés curriculum revisions in Norfh America and current
practice demonstrate a renewed emphasis on the role of ;oncrete
manipulation in mathematics learning., Support for this trend can
be found in current theories in developmental psychology. The
work of Piaget, Bruner, and Dienes has indicated that concrete
materials can play é strategic role in the instructional sequence
in mathematics,

Piaget has suggested that as a child progresses from infancy
to‘matupity he passes through four distinet stages of mental growth,
The child.between the ages of sgven.and elevén is usually in the

stage of "concrete operations', These mental operations are called



"eoncrete" because their starting point is always in some real

. system of objécts and relations perceived by éhe child. COCne
implication of Piaget's theory to mathematics teaching, according
to Adler (1966), is that physical action is one basis of learning,
To develop the poncept of number and space, a child must not only
look at things but.he must experiénce them through physical
manipulation.

Duguette (1972) drew specific implications for the teaching
of fractions from Piaget's learning model. He concluded that the
- teaching of equivalent fractions to children below Grade 5 is '
effective only vhen concrete materials are at hand and fhat the
teaching of addition of fractions should be done through manipulation
of physical materials, Duquette suggegted, therefore, that the
teaching of fractions begin at the concrete level and remain‘£here
until the child is capable of meaningfully dealing with symbols alone.

Bruner (1966) outlined an optional sequence for learning
mathematical ideas proceeding from an "enactive representation"
(physical manipulation of objects), to an "iconic representation'
(mental manipulation of images), and finally to a "symbolic
- representation™, He suggested that to effectiveiy teach.an idea
or concept one should first provide an opportunity for concrete
manipulatibn leading to the association or concept. He emphasized
the importance of teaching so that students grasp the structure of
the subject., This, he claimed, will enable them to generalize to

new situations.
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Dienes (1960) described three.stages in conceptual development,
The initial stage involves an exploration period in which the
"concept realization" begins. The second stage adds more awareness
and direction in thinking. At this stage a large number of different
-experiences are required to prepare the foundation for developing the
concept, These two stages prepare the way for "insight™ which
completes the learning ¢ycle, Dienes emphasized that the child's
ideas grow out of his personal experiences, Kieren (1971) described
Dienes! theory as a two-phase sequence for learning mathematical
ideas, The first is the "constructive phase" in which ideas are
. developed upon physical experience., The second is the Manalytie
phase" in which the idea or concept is analyzed from a logical poipt
" of view,
In summary, the theories of Piaget, Bruner, and Dienes support
a progression from concreté materials to semi-concrete representations,
énd finally to symbolic representation ig the learning of mathematical

ideas at the elementary school level.

RESEARCE STUDIES

Use of Concrete Materials in Mathematics Iearning

The teaching methods and materials of Cuisenaire (1955) were
a significant development in the teaching of élementary school
mathematica, Studies examining the effectiveness of these materials
(colored rods) usually evaluate them in terms of general arithmetic

achievement which includes work with fractions. Canadian experience
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with the Cuisenaire method was investigaged by the Canadian Council-
for Research in Education (1964). The studies now reviewed are
cited in their publication.

In a Vancouver experiment a comparison was made between the
arithmetic achievement of Cuisenaire-instructed pupils and the
achievement of pupils instructed according to the prescribed
British Columbia mathematics curriculum. At the end of the first
grade the Cuisenaire group scored slightly higher on the betroit
Test of Arithmetic and significantly higher on the Cuisenaire test.
The Cuisenaire group was also able to cover more arithmetic topics
(including fractions) than the Control Group, In a Burnaby study
two groups of Grade 1 pupils were subjected to the same instructional
~treatments as the gfoups*in‘the Vanéouver‘study. On entering Grade 2
the pupils were tested to determine retention of mathematical ideas
learned in Grade 1. It was found that the Cuisenaire group had a
significahtly higher mean score than.did}the Control Group,

An experiment in Brandon, Manitoba compzred three groups of
pupils in knowledge of addition and subtraction of whole numbers,
number relations, and fractions, One group used Cuisenaire materials
in the first two grades, a second group used Cuisenaire materials
in Grade 1 and the p?escribed course in Grade 2, and a third group
used the prescribed course in Grades 1 and 2. The achievement was
found to vary directly with' the amount of Cuisenaire instruction

received, The results of experiments conducted in other parts of



Maﬁitoba agd in Saskatchewan support these findings, but other
studies produced conflicting results.

A study in North York, Ontario compared Cuisenaire and Number
Patterns programmes'with the prescribed curriculum at the first
grade level. On general arithmetic achievement the highest mean
score was achieved by pupils on the prescribed curriculum. The
pupils using Number Patterns achieved the second highest mean score,
and the Cuisenaire group achieved the lowest méan score,

The authors of the survey of Canadian experience with Cuisenaire
concluded that the Cuilsenaire method effectively develops understanding
in arithmetic, but that the effectiveness of these materials as aids
in arithmetic computation reaches a peak in about Grade 3. They also
observed that symboi manipulation outstrips comprehensiop of these
manipulations.

Haevin (1965) conducted a study involving 2800 children in which
the frequency of use of instructional maéerials was the independent
variable. At the end of the year-long study the classes in which
the concréte materials were used frequently, achieved significantly
higher mean scores thén did the classes that made infregquent use of
concrete materials. |

Weber (1970), usinglah ¢lasses of Grade 1 pupils, coupared the
effectiven;ss of reinforeing mathematical concepts through pencil
and paper activities ("Gagng based")land concrete manipulative

materials ("Piaget based'). It was observed that children ﬁsing
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concrete materials Ecored gignificantly higher on an oral test of
understanding, both in the number of correct responseé and in levels
of understnnding.

Fennema (1970) compared a meaningful concrete approach with a
meaningful symbolic approach in teaching multiplication to Grade 2
pupils, On a symbolic transfer test the group receiving the
neaningful symbolic treatment scored significantly higher than the
group receiving the meaningful concrete treatment. Trends in the
same direction were detected in overall learning of the principle
and in direct recall, However, these differences were not
significant.

Trueblood (1968) investigated two approaches to the use of
' concrete matérials in the teachiné of exponents and non-decimal
bases to children aged nine to eleven., In one approach pupils
manipulated the concrete denices. In the second approach the
pupils instructed the teacher how to manipulate these concrete
devices, and the pupils observed this manipulation. On the
posttest the teacher demonstration method resulted in a higher mean
score which was significant at the P { .1 level. No significant
differences were detected on the retention test,

Shuster and Pigge (1965) studied the relative effectiveness of
three approaches to teaching fractions to pupils in the fifth grade.
They varied the amount of developmental activities (discussion,

audio~visual presentations, and manipulative materials) and drill
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activities (oral questions, flash cardstldrill books and textbooks).
The a@ount of developmental activities given to the different groups
was 75 percent, 50 percent and 25 percent., The remaining time was
spent in drill activities, On the retention tests the groups
receiving 75 percent and 50 percent developmental activities did
significantly bett;r in the areas of understanding of fractions and
of addition and subtraction of fractions.than the group receiving
only 25 percent developmental activities, These findings were
consistent with the results obtained earlier by Shipp and Deer (1960)
in a similar study involving pupils in Grades 4, 5, and 6,

On the other hand, Surinam and VWeaver (1971), in a review of
thé research conducted in 1970, reported little support for the
superiority of the manipulative approach;' They stated that the 'use
of concrete materials may not always be af essential to the development
of meaning as has been hypothesized ..."(p. 3).

Kieren {1971} in reviewing thé research on manipulative activity
in mathematics learning cited studies by Fennema (1970}, Trueblood
(1967), and Vance (1969) which reported that meéningful instruction
at the symbolic or visual-image level was as effective as manipulation
.of physical materials in terms of achieyement. Thus the evidence for
research on the effectivenésé of using concrete manipulative materials

is not conclusive,



Use of Concrete Materials in Teaching Fractions

| Surinam and Weaver (1969) in summarizing the literature prior
to 1969 concluded that the use of manipulative materials was
helpful in the teaching of fractions. Similarly, Anderson (1969),
after reviewing the research on fractions, suggested that the
teaching of fractions should make use of concrete experiences with
real objects,

The literature on the use of concrete materials in the teaching

of fractions can be subdivided into action research and statistical
.research. Both action research.and statistical research have
contributed to the total body of kgowledge on teaching and learning
topics relafing to fractions. Both kinds of research have a

significant influence -on.practices in the mathematics classroom.

Action research. Howell (1972) observed low ability students
being tauéht fractions using.concrete abjects or some visual
representation to develop understanding qf each concept, She
concluded that the level of motivation, understanding, and enjoyment
during the étudy of fractions was positively influenced by the use
of these materials,

Braunfield and Wolfe (1966) reported on the work done by low
" achievers in a programme sponsored by the Iliinois Project. Ideas
of fractiops and operations with fractions were tied to a COncrete_
model, namely sticks and their lengths, ‘It was observed that by
using this approach fractions and ope&ations with fractions could

be taught to "almost non-learners" of arithmetic.
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Gunderson (1958) systematically observe& seven-year-old children
wo*king with fractions in the classroom., Fractional discs were made
available to the pupils, After becoming familiar witﬁ the discs,
pupils made up their own problems involving fractions., These
children were able to extend their learning of fraction concepts to
include equivalent fractions and addition of fractions, work which
is normally left to Grade & or 5. No algorithms were used at this
time.

A great variety of concrete devices have been recommended by
"intermediate grade teachers for the teaching of fractions. Glenn
(1957) used a kit of paper fractional strips to introduce fractions.
Hall (1950) used student-constructed flannel boards and fraction kits
to permit each child to discover relationships between fractions,
‘ Cunningham and Raskin (1968) utilized pegboards, and Hyde and Nelson
(1967) incorporated egg.cartons as aids in teaching fractions.

Statistical researech. An empirical study comparing itwo methods

of teaching addition of fractions was conducted by Pickering (1969).
The control treatment was a large group, textbhook centred approach,
The Experimental Group received individualized instruction with a
heavy emphasis on the use of manipulative materials, Significantly
greater gain scores and retention scores in addition of fractions
were achieved by the pupils using the manipulative individual approach.
Toney (1968) conducted a study comparing the effectiveness of
pupil manipulation of materials and teacher demonstration in

developing understanding of fractions in Grade 4 pupils. Although
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no significant differences were detected, trén@s were discernible,
Boéh boys and girls who manipulated the materials made greater gains
on a test of '"proficiency in mathematical principles” fhan did those
observing the demonstrations by the teacher., The boys who
manipulated the materials made greater gains on a general achievement
test than did the boys in the teacher demonstration group.

Bohan (1971) studied the effectiveness of three learning
sequences for equivalent fractions., The fifst approach was a
composite of approaches used in modern textbooks, and utilized
diagrams and sets of objects to introduce equivalent fractions.
Equivalent fractions were generated symbolically by multiplying
the numerator and denominator pf some fraction by a sequence of
natural numbers, Addition and finally multiplication of fractions
" were then developed, The second treatment was similar to the first,
but paperfolding activities were used to generate sets of equivalent
fractions. The third treafﬁent followed the sequence: . multiplication
of fractions, equivalent fractions, and finally addition of fractions
with no paﬁerfolding activities, Sets of equivalent fractions were
generated for given fractions by applying the property of
multiplication by one., Both Treatment One and Treatment. Two
produced significantly higher mean scores on an equivalent fractions
posttest than did Treatment Three. Pupils in Treatment Two which
included paperfolding achieved significantly higher mean scores on
a retention test of equivalent fractions and also on an attitude

test than did pupils in either of the other treatments. However,
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there were no significant differences among treatment groupé on
teéts of a@dition Bf fractions or converting fractions to lowest
terms,

Green (1970) compared the use of diagrams and the use of
pupil-manipulated cardboard strips in the teaching of multiplication
of fractions to Grade 5 pupils, Each approach was used to teach
multiplication of fractions--by finding the area of a rectangular
region to one group of pupils, and by finding a fractional part of
a rectangular region or set of objects to ; second group, The area
approach produced significantly higher mean scores than did the
method of finding a part of an area or set. No significant differences
were detected between group mean scores‘of pupils using the cardboard
strips and those using diagrams.

In a study involving Grade 5 pupils, Bisio (1971), compared
three me;hods of teaching addition and subtégction of fractions.

The first treatment did not include any manipulation of physical
materials by either pupils or teacher., In the second treatment the
teacher demonstrated the manipulation of the concrete materials. In
the third treatment both teachers and pupils manipulated the
materials. No significant differences were detected among treatment
| groups. Howevef, for high socio~economic students, teacher
demonstration produced a significantly higher mean score than did
the first treatment in which there was no manipulation, Pupil

manipulation was not found to be significantly better than either

of the other treatments,
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SUMMARY OF THE LITERATURE

Accordiné to'Piaget, Bruner, and Dienes, the child should
become actively involved in the learning process, and physical
materials can play an important role in providing experiences
leading to the development of mathematical ideas.

Research findings on the use of c¢conérete materials in
mathematics instruction is not conclusive, Some studies have
shown that physical aids do promote increased learning, but other
investigations have found that meaningful symbolic instruction
and teacher demonstration are at least as effective in the teaching
of many topics.

A great variety of manipulative mafefials have been described
and advocated as valuable aids in teaching fraction concepts to
elementary pupils., The results of several empirical studies have
revealed that concrete centred instruction ﬁ}oduced equivalent and
often suferior learning of fraction ideas to approaches in which no
phyeical aids were used,

This étudy was based on the theory and resgarch cited in this
chapter, The purpose of the investigation was to develop an
appropriate set of concrete materials to be used by children

‘studying fractions in Grade 4, and to examine the effects of using
these materials on achievement, retention, and transfer of learning.

Pupil reaction to these materials was also of interest,



CHAPTER 111

EXPERIMENTAL DESIGN AND RESEARCH PROCEDURES

The literature’'on the teaching of fractions and the theories
of Piaget, Bruner, and Dienes suggested that pupils in the fourth
grade (ages eight and nine) would benefit by using appropriate
concrete materials while learning basic¢ fraction concepts, The
purpose of this study was to investigate the suitability and
effectiveness of a particular learning aid, a pupil-constructed-

" fraction kit consisting of a number of colofed paper strips of

varying lengths,

THE TREATMENTS

The Experimental Group

Students in the Experiméntal Group began their study of
fractions by constructing a fraction kit_(Appendix A), The kit
consisted of a variety of colored paper stripé which were cut so
as to formﬂhalves from the red strip, quarters from the ofﬁnge
strip, eighths from the yellow strip, thirds from the brown strip,
sixths from the black strip and twelfths from the blue strip.
Additional strips of appropriate color were cut to represent the
fractions two-thirds and three-gquarters, A vhite cardboard strip
was retained uncut to later rep;esent the unit.

Relationships between the diffefent colors were developed by

repeatedly naming any particular colored strip as the unit and
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defining‘the others in terms of that unit., Eventually the longest
coiored strip (vhite) was designated as the unit, and each of the
other colored strips was given an appropriate fractional name in
relation to it, Prgctice was pro%ided in determining a variety of

different names to describe each fraction strip (e.g. 1 =1 4+ 1,

2 Lk I

2 - 4, etc,) and in comparing fractions to determine order
2e1ations. Extra colored paper strips were provided when thg above
procedures were extended to improper fractions.

During the experimental treatment the concrete materials based
instruction replaced the existing programme, with the authorized
te?tbook serving only as a source of exercises which were duplicated
for the students, Instruction was in one large group., The discovery
‘of-relationships between fractions was achieved through precise
guidance from the teacher. Ehe fraction kits were always available
during seésions of practice exercise, The instrucfion extended ovér
a period of fifteen lessons taught on consecutive school days, and
seven additional days were used for testing, kpproxima£ely Fifty

prercent of the instructional time was spent constructing or working

with the fraction kits.

The Control Group

To determine the effects of using the fraction kit a Control
Group was established., Students in this group followed fhe
procedure for learning about fractions outlined in the authorized

textbooks, Seeing Through Arithmetic (Gage, 1960), Material.

from both the Grade 4 and Grade 5 textbooks was covered, Activities
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for this group included examining biackboard and textbook
illustrations, making pencil and paper sketches, and performing
symbolic manipulations (Appendix B).

The bhasic differenée between the two treatmenté was the
inclusion or exclusion of manipulation of physical materials, In
the experimental treatment fifty percent of the time was spent
working with the fraction strips., 1In the control treatment no
concrete aids were used, and students worked with pencil and paper

from the textbook and chalkboard.

DESIGN OF THE STUDY

The Subjects

The study was conducted at Campus View Elementary School
in Victoria, British Columbia, Students enrolled in the school
are éenerally from upper-middle socio-economic homes, The two
Grade 4 classes were selected for the study, Because the students
had not been randomly assigned to classeé the previous September,
the following procedure was adopted. A lorge~-Thorndike Non-verbal
I.Q. test was administered to all Grade 4 students, and the resulting
scores were used to classify ‘the students as being of high ability
(above 113), average ability (103-113), or low aﬁility (below 103).
Students were then divided into two groups by stratified random
assignmenk; The treatment each group was to receive was then
determined by tossing a coin. Table'l gives the final number of

students in each experimental cell,
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" TABIE 1

CELL FREQUENCIES FOR TREATMENT GROUP
AND ABILITY LEVEL CLASSIFICATIONS

Achievement . Treatment

Tevel - EXP - GCON Total
High .11 11 22
Average 10 10 20
Low 11 10 21
TOTAL 32 31 . 63

The Teacher and Inservice

The same teacher instructed both th; Experimental and Control
Groups. He was teaching Grade 5 at Campus View School at the time
the study was conducted. His clasé had been used for the |
'experimental treatment in the pilot study conducted thé previous
year. He hgld a B, Sc. degree and had been successful in teaching
at the elementary and secondary level.

The teacher had previously taught the authorized programne,
and therefore had little difficulty.in progressing éhrough the

~ sequence of lessons with the Control Group. Also, he was familiar
wiéh a teaching procedure using fraction kits.which closely
parallelled the experimental treatment. A detailed set of lesson

plans for the experimental procedure was developed by the

investigator to insure that the desired emphasis and sequence
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vere realized (AppendixLA).' The lesson outline for the Contrél
Group consisted of references to specific¢ pages in the feacher's
guide and pupil textbook (Appendix B}, The two sets of procedures

were reviewed with the teacher By the investigator.

RESEARCH QUESTIONS AND MEASURING INSTRUMENTS

A1l instruments (Appendix C) used to measure mathematics
achievement and investigate student attitude toward the treatments
were constructed by the investigator and were examined by members
of the Faculty of Education at the University of Victoria, Indeed,
. a significant part of the study was.the construction of instruments
to assess student understanding of basic fraction concepts, A good
pencil and paper test of these topics was not found, although
appropriate items were usually located in.tests of general
mathematics achievement, In sddition, it was felt -desirable to
construct performance tests which would require the manipulation

of concrete materials, No such tests in fractions were available.

Initial Achievement and Transfer of Learning

How well were pupils in the two treatment groups able to learn
méterial studied during the fifteen instructiogal periods? How
would the groups compare in ability to demoﬁstrate their learning
using concrete materials? Would there be a difference in the
ability of pupils in the two groups to transfer what had been learned
to situations involving addition, suﬁtra;tion, multiplication, and

division of fractions at the concrete and the symbolic levels?
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Symbolic Achievement Test., This test consisted of thirty-eight

multiple choice items based on the subject matter covered in the
‘study., The items were selected from a pilot test of sixtj—one
items which had been administered to four Grade 5 classes. These
Grade 5 classes had just completed studying the materials included
in this study and were ready to begin adﬁition of fractions. A
Kuder-Richardson Formula 20 reliability coefficient of .81 was.
compufed for the thirty-eight item test administered following the

treatments.

Concrete Achievement Test, This test consisted of nine

pefformance items in which the pupils were reguired to demonstrate
their answers using two different typeg of concrete materials, The
. first type consisted of a set of blocks similar to Dienes' Base 5 '
Blocks, The second type consisted of two open boxes of different
dimensions and twenty suéar-cubes. Items required pupils to
demonstrate knowledge of fractions as part of a whole and comparison
of fractions. Observers recorded and evaluated pupil responses to
each item, -Both sets of materials were substantialiy different from

the fraction kit used by the Experimental Group during the treatment,

Symholic Transfer Test. This test consisted of eight items,

two. each involving addition, subtraction, multiplication, and
division of fractions, Pupils were required to determine and record

ansviers for each item using only pencil and paper,

Concrete Transfer Test, This test consisted of eight performance
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- items which closely parallelled the items.in the symbolic transfer
test. Pupils.were provided with a cardboard two-dimensional fraction
kit; to determine and demonstrate answers to each item, This kit
consisted of a cardboard unit square; rectangular-shaped halves

.two of which had been cut to form square quarters; triangulér eighths
which were made by cutting sgquare quarters aleng the diagonalj
rectangular thirds; rectangular sixths which had been made by cutting
thirds in half, Observers recorded and evaluated the pupil responses

to each item.

Delayed Achievement and Transfer of Learning

How well did pupils in the Experimental and Control'Groups retain
and transfer, after a two-month period, concepts learned during the

7 fifteen instructional periods?

Retention Tests. The symbolic and concrete achievement tests
and symbolic and concrete transfer tests were readministered as

retention tests,

Student Reaction to the Expérimental and Control Treatments

An important aspect of the study was to determine student reactionl
to the use of the fraction kit. How favorably accepted was this
treatment compared with the prescribed textbook approach which had

been used prior to the study and in the control treatment?

Student Questionnaire. The instrument consisted of nine

statements to which the pupil was required to indicate agreement,

disagreement or uncertainty. Two parallel forms of the questionnaire
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were developed, one for the Experimental Group and one for the

Control Group.

THE TESTING PROGRAMME

All tests and the questionnaire were administered to both
groups by the invqstigator. To ensure that the students'! reading
ability did not affect test achievement, each item on every
measuring instrument was read to the stuaents by the investigator.
The symbolic tests and the questlonnaire were all administered in
the students!' regular c¢lassroom setting., All performance tests
wvere administered in a large empty school library. Students, in
gr§ups of about fifteen were taken to theilibiary and were assigned
to a large working area of carpeted floor. ZEach area was provided |
with the concrete materials necessary to perform the required tasks,
Five observers recorded student activity and responses.,

Theltests and the questionnaire were administered during the
four days following the completion of instructién, The retention
tests were administered during the ninth week following instruction,

i
THE NULL HYPOTHESES

The research questions'previously discussed gave rise to the

foliowing null-hypotheses.

Initial Achievement and Transfer of Learning

Hypothesis 1, There is no significant difference between

group mean scores obtained by the Experimental and Control Groups
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on the:
‘(a) symbolic achievement test
(b) concrete achievement test
(¢) symbolic transfer test

(d) concrete transfer test

Hypothesis 2, There is no significant interaction between

treatment and ability‘level-on scores on the:
(a) symbolic achievement test
(b) concrete achievement test
(c) symbolic transfer test

(d)lconcrete transfer test

Delayed Achievement and Transfer of learning

Hypothesis 3. Two months following instruction there is no

significant difference between group mean scores of the Experimental
and Control Groups on the:

(a) symbolic achievement test

(b) concrete achievement test

(¢) Symbolic transfer test

{(d) concrete transfer test

Hypothesis 4, Two months following instruction there is no

significant interaction between treatment and ability level on scores
on the:

(a) symbolic achievement test -

(b) concrete achievement test

(¢c) symbolic transfer test
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(d) concrete transfer test

Student Reaction to the Experimental and Control Treatments

Hypothesis 5, There is no significant relationship between

responses to any item on the student questionnaire and treatment

group.

Hypothesis 6. For subjects in the Experimental Group there

is no significant relationship between the responses to any item
on the student questionnaire and:
(a) ability level

(5) sex

Hypothesis 7, For subjects in the Control Group there is no

significant relationship between the responses to any item on the
" student gquestionnaire and:
(a) ability level

(b) sex

STATISTICAL PROCEDURES

Sample

The sample consisted of all Grade 4 students at Campus View
- School who had: '
(1) been present for all fifteen instructional periods.

(2) written all tests and completed the questionnaire,

Procedure for Testing Hypotheses

The probabilities for all statistical tests are recorded in

Chapter 1V. The level of significance established for this study
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was p £ .05, Hypotheses 1 and 5 were tested using t-tests

(Popam, 1967, p. .29). Hypotheses 2 and 4 were tested using
a two-way analysis of variance (Popam, 1967, p. 193). Hypotheses
5, 6, and 7 were tested using the Chi square test for independence

(Popam, 1967, p. 277, 281).



CHAPTER 1V

RESULTS OF THE STUDY

The purpose of the study was to compare the effectiveness of
a concrete materials approach and a textbook centred approach in
teaching fractions to Grade 4 pupils, To make this comparison
student scores on several measures were analyzed statistically.
The findings are now reported under headings corresponding to the
research questions discussed in Chapter 111, In presenting the
findings related to each question, the null hypothesis is restated,
the testing procedure is described, and the results of the analysis

and the conclusions are given.

Initial Achievement and Transfer of Learning

Hypothesis 1 Restated.’ There is no significant difference

between group meén scores of the Experiméntal and Control Groups
on the:

(a) symbolic achievement test

(b) concrete achievement test

(¢) symbolic transfer test

{(d) concrete transfer test

Testing Procedure

The four parts of Hypothesis 1 were tested by means of t-tests.
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Results
' .Table 11 sumﬁarizes the compariscn of initial group mean scores
on the four tests, As indicated in the table, there was no
significant difference between group mean scores of the Experimental

and Control Groups on any of the four measures,

TABLE 11

T-TEST ANALYSIS OF INITIAL ACHIEVEMENT
AND TRANSFER SCORES

EXP CON T p
Mean 5.0, Mean S.D.
ACHIEVEMENT
-Symbolic 11.88 5,94 14,16 6.98 ~1,38 0.17
Concrete 2,06 1,66 2,58 1.3 -1.35 0.18
TRANSFER . X
Symbolic 2,03 1,85 1.65 1,98 0.79 . 0.43
Concrete 5,47 2,03 5.10 2,22 0.68 0.50
Conclusions

Null Hypothesis 1 was not rejected., No significant differences
in achievement were found to exist between the experimental and

control students in initial-achievement or ability to transfer.
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Hypothesis 2 Restated. There is no significant interaction

Be£ween treatment ;nd ability level on scores on the:
(a) symbolic achievement test
(b) concrete achievement test
(¢) symbolic transfer test

(d) concrete transfer

Test Procedure

The four parts of Hypothesis 2 were tested by means of a two-way

analysis of variance,

Results

Tables 111, V, V11 and 1X list cell means for each test,
Taﬁles 1V, V1, V111 and X summarize the analysis of variance performed
on the scores obtained from these measures. As indicated in these
tables, there are no significant treatment by ability level

interactions.,



TABLE III

INITIAL SYMBOLIC ACHIEVEMENT TEST CELL MEANS _

GROUP EXPERIMENTAL CONTROL
High 15.45 17.33
Average 11.90 16,00
Low 8,27 8.70
GROUP MEANS 11.88 14,16

.TABLE "IV

. ANALYSIS OF VARIANCE OF INITIAL SYMBOLIC ACHIEVEMENT TEST SCORES

SOURCE as MS F P
Ability Level 2 349,62 10.47 0,00
Treatment 1 66.97 2.01 ° 0.16
Interaction 2 16.93 0,51 0.60

{ -
Within 57 33,38
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TABLE V

CONCRETE ACHIEVEMENT TEST CELL MEANS

GROUP ; " EXPERIMENTAL CONTROL
High 2,82 2.83
Average 2,00 2.89
Low 1,36 2.00
GROUP MEANS 2,06 . 2,58

TABLE VI

ANALYSIS OF VARTANCE OF CONCRETE ACHIEVEMENT TEST SCORES

[

S0URCE . af MS F , P
Ability ILevel 2 7.26 2.52 0.04
Treatment - 1 3m 1,69 0,20
Interaction 2 1.08 .0.49 0.61

Within 57 2.19
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TABLE VIIX

SYMBOLIC TRANSFER TEST CELL MEANS

GROUP EXPERIMENTAL ' CONTROL
High 2.45 - 2.83
Average | ' 2.50 1.23
Low 1.18 0,50
GROUP MEANS 2,03 1.65

TABLE VIII

1)

ANALYSIS OF VARIANCE OF SYMBOLIC TRANSFER TEST SCORES

SOURCE ar MS F - P
Ability level 2 18.19 5.54 0,01
Treatment 1 3,05 0.93 0.34%
Interaction 2 3.53 1.01 0,37

Within 57 3.28




CONCRETE TRANSFER TEST CELIL MEANS

TABLE IX

34

GROUP EXPERII‘IIENTAL CONTROL
High 6,27 5.58
Average 5.50 4,78
Low 4,64 4,80
GROUP MEANS 5.47 5.10

TABLE X

ANALYSIS OF VARIANCE OF CONCRETE TRANSFER TEST SCORES

———
———

SQURCE af MS F P
Ability level 2 8.37 1.80 0.17
Treatment 1 2.71 0.58 0.45
Interaction 2 1.32 0.28 0.75
Within 57 k.65
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Conclusions
Null Hypothesis 2 was not rejected., There was no significant

differential treatment effects across three ability levels, .

Delayed Achievement and Transfer of’ Learning

Hypothesis 3 Restated. Two months following the instruction

there is no significant difference between group mean scores of the
Experimental and Control Groups on the:

(a) symbolic achievement test

(b) concrete achievement test

(c) symbolic transfer test

|
(d) concrete transfer test

Test . Procedure

The four parts of Hypothesiq 3 were tested by means of t-tests,

Results '

Table X1 summarizes the comparison of retention grbup mean scores
on the four measuring instruments., As indicated in the table there
is no significant difference between group mean scores of the

Experimental and Control Groups on any of the four measures.
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TABLE X1

T-TEST ANALYSIS OF DELAYED ACHIEVEMENT AND TRANSFER SCORES

EXP : COoN T P
Mean S5.D. Mean S.D.
ACHIEVEMENT
Concrete 3,13 1,92 3,94 2,40 1,46 0,15
TRANSFER
Symbolic 1.69 1.88 2.39 2.34 -1,29 0.20
Concrete 50 97 10?9 5014‘8 1092 1.02 0031
Conclusions

Null Hypothesis 3 was not rejected, No significant differences
in achievement were found to exist between the experimental and

control students on retention of achievement and ability to transfer.

Hypothesis 4 Restated, Two months following the instruction

there is no significant interaction between treatment and ability
level on scores on the:

(a) symbolic achievement test

(b) concrete achievement test

(c) symbolic transfer test

(d) concrete transfer test
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Test Procedure
The four parts of Hypothesis 4 were tested by means of a

two-way analysis of variance,

Results

Tables X11. X1V, XV1 and XV111l list cell means for each
measure. Tables X111, XV, XV11l and X1X summarize the analysis
of variance performed on the scores obtained from these measures.
As indicated in these tables, there is no significant

treatment by ability level interactions,
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TABLE XTI

DELAYED SYMBOLIC ACHIEVEMENT TEST CELL MEANS

GROUP EXPERIMENTAL CONTROL
Average 12,50 14,33
Low g.09 9,80
GROUP MEANS 12,16 14,39

TABLE XITI

ANALYSIS OF VARIANCE OF DELAYED SYMBOLIC ACHIEVEMENT TEST SCORES

SOURCE df MS r P
Ability Level 2 279.11 10,97 0,00
Treatment 1 63,43 2,49 0,12
Interaction 2 9.59 0.38 .69

Within 57 25, 4k
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TABLE XIV

DELAYED CONCRETE ACHIEVEMENT TEST CELL MEANS

GROUP EXPERIMENTAL ' CONTROL
Kigh ' 3.45 k25
Average _ 3.30 3.67
Low 2.64 3,80
GROUP MEANS 3,13 2.9k

TABLE XV

ANALYSTS OF VARIANCE OF DELAYED CONCRETE ACHIEVEMENT TEST SCORES

SOURCE af MS F p

Ability Level 2 2.28 - 0.45 0.64
heatment 1 9978 1093 oc 17
Interaction 2 .79 0.16 0.85

Within 57 5.07
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TABIE XVI -

DELAYED SYMBOLIC TRANSFER TEST CELL MEANS

GROUP EXPERIMENTAL CONTROL
High . . 2.82 3.75
Average 1.90 2,00
Low 0.36 1,10
GROUP MEANS 1,69 2.39

TABLE XVII

.ANALYSIS OF VARTANCE OF DELAYED SYMBOLIC TRANSFER TEST SCORES

SOURCE afr MS F P
Ability level 2 36,04 9,87 0.00
Treatment 1 5.96 - 1.63 0,21
Interaction 2 .95 - 0.26 0.77

Within 57 . 3,65
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TABLE XVIII

DELAYED CONCRETE TRANSFER TEST CELL MEANS

GROUP EXPERIMENTAL CONTROL
High ' . 6,82 6,17
Average 6.10 5.33
Low 5,00 4,80
GROUP MEANS 5,97 _ 5.48

TABLE XIX

ANALYSIS OF VARIANCE OF DELAYED CONCRETE TRANSFER TEST SCORES

SOURCE af MS F P

Ability Level 2 13.99 4.25 0.02
Treatment 1 4,51 1,37 0.25
Interaction 2 A6 - 0,14 0.87

Within 57 . 3.29
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Conclusions
Null hypothesis 4 was not rejected. There was no significant

differential treatment effects across three ability levels.

Student Reaction to the Experimental and Control Treatments

Hynothesis S Restated. There is no significant relationship
between the responses to any item on the student questionnaire

and treatment group.

Test Procedure

Chi square tests were performed on the percentages of
"Agree', '"Not Sure" and "Disagree' responses made by experimental

and control students to each item on the student questionnaire.

Results

Table XX gives the perdéntages of "Agree" (4), "Not Sure' (NS)
and "Disagree" (D) responses foi the two groups on each of the nine
items, the value of Chi square (ﬂ?) testing the relationship

between treatment and response, and the prcbability of the observed

Chi square,



TABLE XX

STUDENTS TO QUESTIONNAIRE ITEMS

b3

PERCENTAGES AND SIGNIFICANCE OF RESPONSES OF EXP AND CON

|

ITEM Percentages of Responses

A NS D

1. I like arithmetic. EXP L7 37 16
CON 59 25 16

2. I enjoyed the work just completed EXP b4 bl 12
on fractions. CON 56 b1 3

%% =2,34; Pp=.3

3. I now understand fractions much EXP 66 25 9

better than I.did before .I -

completed this work on fractions, Cog & 18 °

X" = .38y pP=.,72

4, The work on fractions was boring EXP 21 19 60
most of the . .time. CON 19 19 62
x%= .1 Pp=,%
5., I think the work on fractions has EXP .16 L0 LT
confused me, CON 10 12 8

x? = 8.37; P=,02

6.. The way fractions were taught made EXP 82 9 9
it easy for me to learn, CON 66 18 16

%% =203 p=.3

7. I think I learned material about EXP 53 by 6
fractions ?hat I will use in Grade 5. "CON 72 25 3

JLE =2.42; P = ,30



- TABLE XX

" PERCENTAGES AND SIGNIFICANCE OF RESPONSES OF EXP AND CON

STUDENTS TO QUESTIONNAIRE ITEMS

"

ITEM Percentages of Responses
' A NS D
‘8, I would rather have studied fractions Exp 22 22 56
usin fraction strips than using the
€ lthe textbook ne CoN 21 41 38
textbook. 2
fraction kit, % = 3.0 P= .25
9., I felt I was wasting time using the EXP 19 22 59
textbook. '
fraction kit. CON 22 a2 56
ﬂ;e 2 L1; P «95
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Conclusions

Hypothesis 5 was not rejected.for any item except item 5.
For this item a significant relationship between treatment and
student opinion was found to exist. Inspection of the percentages
of students in the two groups who agreed and disagreed with this
statement suggest that the control students found their treatment

less confusing than did the Experimental Group.

Hypothesis 6 Restated. For subjects in the Experimental

Group there is no significant relationship between the responses
. to any item on the student questionnaire and:
(a) ability level

(b) sex

Test Procedure

The above hypothesis was tested using the Chi square test for

independence,

Results

The data for testing the above hypothesis, the Chi square
values, and the probabilities of the observed Chi square values
for all items are contained in Appendix D, This data for selected

items is contained in Table XX1.
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TABLE XX1
PERCENTAGES AND CHI SQUARE TESTS OF SIGNIFICANCE OF RESPONSES

TO SELECTED STUDENT QUESTIONNAIRE ITEMS BY EXPERIMENTAL STUDENTS
CLASSTFIED BY ABILITY LEVEL

ITEM Percentages of Responses
A NS D

H 18 o0 82
A 0o 30 70
L L6 27 27
X "= 11,25; P = .03

4, The work on fractions was boring
most of the time.

9, I would rather have studied fractions H 27 27 46
u51ng_the Fextbook than using the ' A 0 0 100
fraction kit,

L 27 36 37
x 2= 10.24; P = .Oh

Conclusions

Hypothesis 6(a) was rejectéd.fof itéms 4 and 9, Tor these items
a significant relationship between ability level and stﬁdent opinion
was found ;o exist, Inspection of the percentages of students in
the three ability groups who agreed and disagreed with statement 4
suggests that the high and average ability students in the
.EXperimental Group r§5ponded more favorably to the work on fractions
than did the low ability students, Inspection of the percentages of
students who agreed and disagreed with statement 9 suggests that
avérage ability students in the Experimental Group responded more
favorably'td.their.experiences manipulating &he fraction strips than

did either the high or low ability students.
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Hypothesis 6(b)} was not rejécteﬁ for any item on the
quéstionnaire. Within the Experimental Group no significant
relationship was detected between the response to any item on

the student questionnaire and sex.

Hypothesis 7 Restated. . For subjects in the Control Group
there is no significant relationship between responseé'to any
item on the student questionnaire and:

(a) ability level

(b) sex

Test Procedure

The above hypothesis was tested using the Chi square test

JSfor independence,

Results -
The data for testing the above hypothesié, the Chi square
values, and the probébilities of the observed Chi square values

for all items are contained in Appendix D.

Conclusions

Hypotheses 7(a) and 7(b) were not rejected for any item on
_the student questionnaire., For subjects in the Control Group
there was no significant relationship bétween responses to any
item on the student qQuestionnaire and either ability level, or

5eX,
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CHAPTER SUMMARY

In this chapter statistical comparisons of the two groups with

respect to initial achievement and transfer and retention of

learning as measured by both symbolic and concrete tests were

reported.

Student reaction to the two instructional treatments

as obtained through a questionnaire was also analyzed, Analysis

of the data indicated the following conclusions and trends:

(1)

(2)

(3)

(4)

(5)

(6)

There was no significant difference between the two groups
on any of the initial or delayed fraction tests.

There was no interaction between ability level and
treatment on any of the initial or delayed fraction tests.

There was a significant relationship between the responses
to one item on the student questionnaire and treatment
group., An examination of data suggests that the control
students found their treatment less confusing than did
students in the Experimental Group.

Within the Experimental Group average ability students

tended to respond more favorably to manipulating the fraction
strips than did either the high ability group or the low
ability group. The average ability group and the high
ability group reacted more favorably to the unit on fractions
than did the low ability group.

Within the Control Group there was no significant
relationship between ability group and response to any
item relating to treatment.

There was no significant relationship between sex and
response to items within either treatment group.



CHAPTER V
SUMMARY AND CONCLUSIONS

PURPOSE AND DESIGN OF THE STUDY

The purpose of the study was to investigate the effects of
using a concrete materials centred instructional approach to
introduce topics in fractions at the Grade 4 level. The method,
which iﬁvolved the construction and use of a fraction kit for
apfroximately half of the fifteen instructional periods devoted
to this topic, was adapted for the stﬁdy by the investigator. To
. assess the relative effectiveness of using these materials a
Control Group was established in which the students studied.

fractions using the regular mathematics textbook, Seeing Through

Arithmetic (Gage,‘1960).‘ No manipulation of concrete materials
was involved in this treatment, -

The subjects for the study vere the two classes of Grade b
students at Campus View School, Victoria, British Columbia,
Studgnts were designated as‘being of high, average, or low ability
according to their non-verbal 1.Q. scores and were assigned to
treatment group by stratified random assignment. The same teacher
taught both classes,

Tnstruments were developed to compare the two groups on initial

learning, transfer of learning, and retention of learning and to
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assess the feelings of the students toward the treatments. In

addition to the traditional pencil and paper tests, concrete

‘materials performance tests were developed to measure the

initial learning, transfer of learning, and retention of learning.

The experiment was designed to obtain answers to the following

guestions:

(1) What was the relative effectiveness of the experimental
and control treatments in promoting:

&
b.
Ce.
d.

initial achievement?

transfer of learning?

delayed achievement (retention)?
delayed transfer of learning?

(2) Was there significant interaction between treatment and
ability level on:

Ao
b.
c.
d.

initial achievement?
transfer .of learning?
delayed achievement?
delayed transfer of learning?

(3) How did the experimental and control students react to
their respective: instructional treatments?

- Hypotheses domparing the two groups on the four measures of

learning were tested using t-tests. Hypotheses investigating

interaction between treatment group and ability level were'tested

using two-way analysis of variance, Hypotheses investigating '

student reactions were tested using the Chi square test for

independence,

SUMMARY OF THE RESULTS

Analysis of the data obtained during the investigation revealed

the following results:



(1)

(@)

(3)

51

There was no significant difference between the two
groups -in their:

a., initial achievement

b. transfer of learning

¢. delayed achievement

d, delayed transfer of learning

as measured by both symbolic and concrete tests,

There was no significant interaction between treatment
and ability level in:

a., initial achievement

b. transfer of learning

¢, delayed achievement

d, delayed transfer of learning

as measured by both symbolie and concrete tests,

There was no significant relationship between responses
to any item on the student questionnaire and treatment
group except for one item, This item indicated that
students in the Control Group found that: treatment less
confusing than did students in the experimental treatment.
Within the Experdimental Group one questionnaire item
suggested that the average ability students responded
more favorably to manipulating the fraction strips than
did either the high ability or low ability students and
one item suggested that both the high and average
ability students responded more favorably to the
manipulative activity than did the low ability students.
Within the Control Group no significant relationship

~between ability group and response to a questionnaire

statement was found, No significant relationship between
sex and response to a questionnaire statement was detected
within either treatment,

. CONCLUSIONS AND DISCUSSION

The four tests —- symﬁolic achievement, concrete achievement,
symbolic transfer, and concrete transfer -- were administered to the
subjects twice, once immediately following the treatment and again
two months later. No significant differences were revealed between

the two groups by any of the eight statistical comparisons(Tables 2

—
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and 11). Thus neither of the two treatments can bé considered
superior on these measures, However, several observations and
trends are worth noting.

On all four measures of achievement the mean scores of the
Control Group were higher than the mean scores of the Experimental -
Group with corresponding P values ranging bvetween ,1 and .2 . No
such consistent trend was detected for the transfer tests,

While it is perhaps not surprising that the Control Group did
at least as well as the Experimental Group on the symbolic tests,
it might have been expected that the concrete tests would favor
" the Experimental Group who had manipulated fraction strips during
the treatmént. Apparently this experience did not provide any
particular advantage in relating fractions to new physical setfings.
An examination of the item analyses of the concrete achievement
and concrete and symbolic transfer tests (Appendix C) reveals some
interesting data,

The concrete achievement test yieldéd vastly different scores
when administered as an initial test and as a retention test. On
the initial test, the first group of three itemé on which students
had to make fractional comparisons between objects in a Base five~-
Multibase Blocks kit were answered correctly by approximétely
one~half of the students. The second group of three items requiring
students to place sugar cubes in a given'open box until it was filled
to a specific fraction of its capacity, was successfully completed
by less than one-third of the students, The final group of three

questions required the students to place a designated number of
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-sugar cubes in a specific open box and deterﬁing what fraction of
the box was filled., A total of only three>cor¥ect responses were
made by the sixty-three students. On the retention tést, a
marked increase in the number of correct responses to eight of the
aine items was recorded, I% ﬁould appear that the relative
unfamiliarity by the subjects with performance type tests resulted
in a practice effect which accounted for the marked improvement in
performance on éhe test when uséd to measure retention,

The concrete transfer test required students to demonstrate
with cqncrete materials answers to guestions iﬁvolving addition,
subtraction, multiplication and division of fractions. On both
édministrations of the test group mean scores were high, with a mean
frequency of approximately 5.5 out of a possible score of 8., The
" symbolic transfer test which was parallél to the concrete transfer
test resulted in very low group mean scores, a mean of approximately
1.9 correct responses on eiéht items, This,suggesté that while
students could ménipulate physical materials to demonstrate answers
to questions involving computation with fiactions, even though these
skills had not yet been formally taught, they wére unprepared to
solve parallel items at the symbolic level. |

Some writers have suggested that a concrete materials approach
would be more suitable for low ability students and a symbolic
approach more appropriaté for high ability students, There is no
evidence in.this study that one treatment was rarticularly better
suited for a given ability level than another,

Analysis of the student questionnaire responses indicated that
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boih the experdimental gnd control treatmen&s had been fairly well
received by the students. Only three percent of the Control Group
and twelve percent of the Experimental Group indicated that they
did not enjoy their work with fractions. Item #5, "I think the
work on fractioﬁs confused me," received agreement from nine percent
of the Control Group and sixteen percent of the Experimentél Group.
This difference was statistically significant. However, Item #6,
"The way fractions were taught made it easy for me to learn,"
received eighty-two percent agreement from the Experimental Group
and sixty-six percent agreement from the antrol Group. Of the
Experimental Group sixty-five percent indicated they understood
fractions much better and 6n1y twenty~one percent indicated they
would rather have worked with the textbook than with the fraction
kit,

Within the Experimental Group stu&ents of average aEilit&
tended to respond more favorably to the construction and manipulation
of fraction strips than did the low ability students and to a certain
extent the high ability students, The reaction by the low ability
students is consistent with a statement in a reﬁort on mathematics
teaching in Isrgel by Weiss(1973). He suggests}that:

Although the value of manipulative and other physical

materials in the teaching of mathematics fo low

achievers is widely accepted in the United States, one

encounters a great deal of scepticism among Israelis

about the value of such materials., Dr., Maschler, for

exanple, believes that while such materials are of occasional

help, they more often hinder the students grasping an

abstraction., (p.311)

This trend could also have been partially due to the fact that

large group instruction tends to be best suited to .the average
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.'_student. With the overt manipulation of materials and the recording
of answers, low ability students coﬁld have been continually under
pressure to "keep up', since their progress in working with the
strips would be immediately evident to the téacher. It is possible
that the less enthusiastic responses of the high ability group were
due to the fact that these étﬁdents did not need the amount of

concrete manipulation provided in the experimental treatment.

LIMITATIONS OF THE STUDY

Persons drawing conclusions from this study or projecting its
results to the general population should do so with the following
limitations in mind:

(1) The subjects in this study were limited to sixty-three
Gradé 4 students in one school.

(2) The study was limited to introductory work with common
fractions and mixed numbers. Computation with fractions
was not studied, -

(3) . The experimental treatment was limited to specific
© sequences and exercises developed by the investigator.

(4) The symbolic and concrete achievement tests used recorded
--low group mean scores and standard deviations.

RECOMMENDATIONS

On the basis of this study the investigator recomnends the
experimental method as an alternative t6 a textbook approach to
introducing fractions., The materials regquired are inexpensive and
easy to construct, Little inservice training is required for the
teécher, Although the method did not produce superior learning in
the study, the students did abdut as well as those in the Control

Group and their reaction was generally positive., Furthermore, such
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a method provides a break from a textbook centred teaching approach.
The experimental treatment may be more suitaﬁle for grouped
rather than whole class instruction. This treatment appeared most
suitable for the average ability group. A slower pace is recommended
for the low ability'students. It is questionable that the high ability

group needs as much manipulative experience as was provided.

SUGGESTIONS FOR FURTHER RESEARCH

To further investigate the problem defined in this study the
experiment should be replicated in otyer schools, perhaps in
different so¢io-economic areas and using a iarger number of subjects.
The materials might also be tried at the Grade 3 1ével or the Grade 5
levél. In the latter case the treatment could be expanded to include
addition and subtraction of fractions. Further refinement of the
testing igstruments is suggeﬁted, particularly the performance tests

requiring manipulation of concrete materials.
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THE EXPERIMENTAL TREATMENT



LESSON 1

A,

B.

C. -

62

pistributé the following 12 inch strips to each student:

~ cardboard strip - 1 white
~ construction paper strips - 1 red, 1 blue, 2 orange,

2 brown, 1 yellow, 1 black

To construct the fraction kit, students will cut:

-~ the
= the
= the
- = the
~ the
- the
=~ the

= the

red strip into 2. equal parts

first orange strip into 4 equal parts
yellow strip into 8 equal parts

first brown strip into 3 equal parts
black strip into 6 equal parts

blue strip into 12 equal parts

second orange strip to form L and 3 pieces

§ K

second brown strip to form % and % pieces

The white cardboard strip will be retained uncut.

The kits will be displayed on the pupils' desks keeping similar

-colors together to form the original strips., The number of

parts into which each color was divided is thoroughly reviewed.
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LESSON 2

A,

B.

D.

A foot ruler is identified as the unit leﬁgth "one whole one',
Pupils are required to identify the yardstick in terms of the
unit. This procedure is repeated with several different pairs
of objects in which the length of the second is a multiple of
the length of the first,

The azbove procedure is repeated using colored strips such as:

Basic Unit Comparison Measure

red strip ' yardstick 6 units
short orange strip yardstick 12 units
black strip yardstick 18 units

The process is now reversed and the yardstick is identified as
the unit and the foot ruler is defined in terms of the unit,
Several combinations are examined such as:

Basic Unit Comparison MHeasure

yardstick " red strip % unit
yardstick ‘ orange strip i% unit .

Procedure 2A is repeated with the étrip to be identified always .

being a multiple of the unit. All answers are shown using the

kit,
Basic Unit . Comparison " Measure
black strip brown 2

red 3
white - 6
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LESSON 3

A,

B.

Ca

D.

E.

Review prbcedhre lesson #2C with the unit always being a

multiple of the unknown strip.

i.e. "If the red strip is one whole one, what is the
- yellow?™  Ans,

"How many % 's does it take to make up one whole one?!

After reviewing how many i 's, L 's, etec. there are in one
whole one, pupils should be required to extrapclate beyond
the fractions represented in the kit and answer such questions

as "How many % ts, — 's etc. are there in one whole onef?"

13
A complete review of 3B using the fraction strips is made
before proceeding,
Randém coiored strips are desipnated as the unit and pupils
are required to show a particular fractdonal part, i,e. If

red is one whole one (a) show %_ (b) what is the black?

Using the white cardboard strip as the unit pupiis-are required
to find a spe;ific number (i.e. 4) of the strips of the same
color and length thét end=to-end match thellength of the unit
and they are required to answer the guestions:

( i) What color is it? (orange)
( ii) One strip (orange) is what part of one whole one? (L)

I
(iii) How many % 's make up a whole? (&)

Repeat with 6 strips etec.
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LESSON &

A.

B.

C.

D.

Introduce the idea of different names for the same number by
asking pupils to select the combinations that represent the
number 5.
0x5 7 -‘3 3-4 14 - 10 153 142402
= Allow students to generate a variety of names for the
number 5.

~ Regquire students to generate names involving fractions to
identify the white cardboard strip i.e. % + 14141

, i S N
= Repeat for other strips.

Thoroughlx review relationship between strips by selecting
random strips as the unit and identifying others in terms of
the unit. The strips to be compared to the unit should include
both multiples and fractional pafts of that unit.

The white cardboard strip is now identified as the permanent
unit and all colored strips are examined and given their correct
fractional names in rélation to this unit. The associatioﬁ

4 .
between color and fractional name is strongly reinforced,

3

Other names for various strips inclﬁding the %-and T strips are
examined., Pupils both show their answers and write them
symbolically. The meaning of numerator and denominator should

be stressed,
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LESSON 5

A,

This is a review lesson in which the fraction kits are used,

Lessons 3 and 4 are reviewed with emphasis on lesson 4 C and D,

LESSON 6

A,

Intreoduce improper fractions by placing the white unit strip
and the % strip end to end. Have pupils:
(i) didentify the total length in units. ( 1% )

(ii ) determine how many % 's there are in 1 % by using
the kit, - (&)

Repeat the various examples in which the answers are
demonstrated and written symbolically., The types of questioné
ares

2 ? ' ?
1 = - : 11 = 1
B 1 . 5 5

Give several questions of the above type which pupils will

solve symbelically or if necessary using the strips.
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LESSON 7

A. -

‘Ao

Review the changing of mixed fractions to mixed numbers and

mixed numbers to improper fractions,

B. Review the names associated with each color of strip,
Distribute a second full length cardboard strip, oraﬁge strip,
and a blue strip. Have the orange strip divided into % 's and
the blue strips into i% s,

D, VWorking in pairs, students will place two white strips end to
end and determine how many % 's, % 's ete, are required to
make up two wholes, Answers are demonstrated in strips and
written symbolically. |

LESSON 8 °
Review lesson 7 D,

B, Review Lesson 6 A and B using mixed numbers less than 3,

Give sufficient time and guidance for pupils to discover the
rules for symbolically converting improper fractions to
mixed numbers and mixed numbegs to improper fractions.

C. Provide practice time for pupils to apply these rules to a

variety of examples which can be demonstrated with the fraction

stripé.
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. LESSON 9

A. .

B.

c.

D.

Each pupil is issued with an additional réd, yellow, brown
and black strip. Each is cut into the appropriate fractional
units.,

Review lesson 8 using fraction strips. Reinforce the two.
rules,

torking in pairs pupils should work with larger improper

1
fractions such as:

3 _ 2 1 _
‘*7;—1; 25 =
10 8
3 293 =

An alternative method is investigated using fraction strips.

k_ 3 1 1

3=35 +3 00 13
. 212 12 01

S-S V- R - B - B |-



69
LESSON 10
A.  DPupils will use the -1-2-1- cistan a8 niviiuel syoares 5o ue up
various groups., The procedure in S,T.A. 5 pupil text, pages
129-1%0 will be usea with these squares to introduce the
fractions as part of a group. Several examples should be
done.,
- Comparisons of fractions such as % % 3 % % ; ete
will be made using groups of squares,

B. Simplifying fractions is introduced with these squares:

i.e., FEach child arranges 24 squares (X's) on a sheet of

newsprint.

x X Step 1 -~ The students circle groups of
Ex % 2% 3% L squares until 16 are circled.
(Ex X %) They are required to name the

(6 96 2K K ) fraction of the squares circled.
XXX%X M 16

- o e ' z and/or 1

Step 2 ~ The students arrange the squares
in the above configuration and
circle groups of 8 sguares until
16 are again circled and the
fraction squares circled as
identified,

2

3

Because 16 squares were circled each time,

16 _ & _ 2
2f T 86 T 3

Several such examples are done.

c. Fquivalent fractions are continued allowing sufficient time for
pupils to discover that when both the numerator and denominator
of a'fraction are divided or multiplied‘by the same number the

result is an equivalent fraction,
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LESSON 10
-D.- The following generalizations are emphasized at the symbolic

level:

8+4 _ 2 3x5 _ 15
124 - 3 b x5 - 20
LESSON 11

A. Review equivalent fractions with em?hasis on simplest form allowing
pupils to work with the fraction kit if necessary.
B. Pupils should be given practice in generating sets of fractions
equal to a specific fraction,
c. Using'the kit pupils will determine the missing term iﬁ sets of
. equivalent fractionms, | |
ie€e % = %_
* The first half of pége‘l of the duplicated practice sheets

should be completed,

-

LESSON 12
A, - Simplification of fractions and equivalent fractions are
reviewed.

B. Complete page 1,

* SOTOA. 5 pl ll+6
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LESSON 13
A."‘Review simplification of fractions and complete the first
* half of sheet #2., Fraction kits are available to students,
B. Review converting improper fractions to mixed numbers,

C. Commence sheet 7#2 second half with fraction kits available,

LESSON 14
A. * Sheet #2 and #3 are completed and sheet #+ is started.

Fractions kits should be used if needed.

LESSON 15
A. Complete sheet #h,
B, Pairs of.fréctions strips will be compared to determine the
>, =, or{  relationships by di¥éctly comparisons of length.
C. Pairs of fractions are compared by changing them to a common
denominator using the fraction strips.
D, Examples A-H from p.162 of the S.T.A. 5 pupil text are

printed on the chalkboard and solved,

* Sheet #2 ~ S8.T.A. 5 p. 146, 153
Sheet #3 - S,T.A. 5 p. 153, 155
Sheet #+ -~ S,T.A. 5 p. 155
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CONTROL GRQUP TREATMENT .-

LESSON 1  (Seeing Through Arithmetic 4 - pp. 208-211)
A, Meaning of fractions = part of a whole

~ part of a group

1ESSON 2 (S.T.A, 4 pp, 212-214)
A. Review meaning of fractions

B. Equivalent fractions
LESSON 3  (S.T.A. 4 p. 215)
A. Review equivalent fractions

B. Comparison of unit fractions

LESSON &4  (S.T.A. % pp. 216-219)

A, Meaning of imﬁroper fractions and mixed numbers

B. Reading and writing of improper fractions aﬁd mixed
rpumbers

C. Relationship between mixed numbers and improper fractions

LESSON 5 (S.T.A. 4 pp, 220-221)
A, Review meaning of mixed numbers

B. Fractions in ruler measurement



.LESSON 6
A.

B,

LESSON 7

A.

LESSON 8

A.

LESSON 9
A

B,

LESSON 10
A,

B,

LESSON 11
. A,

B,

7

(S.T.A, & p, 222)
Review meaning of fractions

Fraction meaning - equivalent parts

(S.T.A. b p. 247)

General review using "ILocking back" exercise

(8.T:A.5 pp. 143-145)
Determining fractions equivalent to a given fraction by
multiplying or dividing the numerator and denominator by

the same number

(S.T.AS pp. 145-6 top section)

Review lesson 8

* Emphasize procedure for finding the missing term in a

pair of equivalent fractions

“(8.T.A. 5 p. 146)

Review least common divisor

Reducing fractions to simplest form

(8.T.A. 5 pp. 148-150)
-Review lessons 8, 9 and 10
Review the meaning of improper fractions and mixed

numbers



'LESSON 12
A.

.B.

LESSON 13
A,

B.

LESSON 14
A,

B.

LESSON 15

A.

75
(S.T.A. 5 pp. 151-153) L
Fractional names for i |
Converting improper fractions to mixed numbers and

mixed numbers to improper fractions

(S.T.A. 5 p. 155)
Review equivalent fractions and simplest form

Checking up test 1 and 2

(S.T.A. 5 p. 155)
Checking up test 3

General review

(S.T.Ae 5 pp. 158-159)

Comparing fractions on the number line
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. TESTING INSTRUMENTS
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Symbolic Achievement Test

Concrete Achievement Test

Concfete Transfer Test

Symbolic Transfer Test

Ixperimental Group Student Questiox;naire

.Control Group Student Questionnaire
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SYMROLIC ACHIEVEMENT TEST

Instructions: For each of the following questions draw a circle
around the best answer.

1, What fraction of the squares 5. In the mixed numbexr 2 —i '
is shaded? 15
what is the numerator?
OQooooocoogoood
A, 2 c. 15
Ao 6/7 c. 7/13 B, 4 D. 60
B. 6/13 D. 7/6
Use this line segment for
Lo What fraction of the square questions 6 and 7.
is shaded? : A c 3]
| X 4 X 1 )

" 6, What fraction of the line
segment has X 's above it?

A, 1/2

A, 2/5 C. 2/6
B. 1/3 .
T Ba 2/3 D.' 3/2
3. What part of the rectangle
is shaded? 7. The point C is what fraction
— — of the distance from A to B?
A, 4/5 c. 1/6
il G : B. '5/6 D. 5/1
A, 5/3 c. 3/5
'B.  3/4 D. 3/8 8. Which figure is divided

into eighths?
k, Vhat fraction of the rectangle
is shaded? R

A
G
Ao 1/5 6/1
B. 1/6 D, None of
these D, All of

B - these



SYMBOLIC ACHIEVEMENT TEST ~ Continued

9.

10.

11,

13,

How many small rectangles are 14,
there in one=-third of the

large rectangle?

A, b c., 2

B, 3 " p, 6

What two fractions name the
ghaded part of the bar?

Flsk

15,

A. 2/8 and 1/% C, 6/8 abd 3/h

B, 6/8 and 1/2 D, 3/% and 2/8

Which pair of fractions name

the same amount? . 16,

A, 1/3 and 1/2 C, 1/2 and 3/6

B. 1/2 and 3/4 D. 3/4 and 3/6
Which of the following is

equal to 2/5%

A. 3/6 Cc. 5/10

6/15

17.

B. 5/7 D.

Which of the following is
equal to 6/24L7 -

A, 2/8
B, 4/8

c. 6/12

D. 12/18

78

Which set of fractions is
made up of equivalent
fractions?

A. 1/2, 1/3, /4, 1/5, 1/6
B. 1/8, 2/8, 3/8, 4/8, 5/8
c. 2/3, b/6, 6/9, 8/12,10/15
D, 1/10,3/20,5/30,7/40, 9/50

In the equation 3/7 = 12/

what number can replace ?
A, 21 C, 32

B. 28 D. 325

In the equation_ﬁ?_ = 1, what
number can replace box? |
A1 c. 8

B, 7 D. 14

Which of the following is
expressed in lowest terms
(simplest form)?
A. 7/14 C, 3/24

B. 18/28 D, 7/22



SYMBOLIC ACHIEVEMENT TEST - Continued

18.

19.

20.

21,

VWhich of the follow1ng shows
another name for 3/4%

N
]
N

Aa 3/"!' =

no
N f]
\N T

B. 3/

C. 3/4%

1]
\N
o
A

\N
+
[

D, 3/h

What fraction of the set of
triangles is circled?

b, 4/8

Choose the fraction in

" simplest form that rgﬁfesents
the shaded part of the circle.

A, 172 c. 3/8
B. 4/8 D. 2/h% .

What fraction of the Bar_is
shaded?

I
[

b

Ao 1/7 C. 1/12
B, 4/24 . p. 1/8

22,

23,

2k,

25,

79

Which of the following shows .
how to change 9/12 to
simplest form?

b 2 £ 3
9 =« 3

3x 9

c. 3x12
D 3x 9
* L x12

When reduced to simplest
form, 16/24 would be
written as what fraction?

A. 8/12 C. 2/3
B. 4/6 D. 3/4
What are the two missing

4terms in the following
set of fractions?

(2/5, /10, 6/15, /20,10/25)
A, 2and 6 €. 6 and 8
B. ‘h and 6 D, b4 and 8

The total shaded area is what
fraction of one region?




SYMBOLIC ACHIEVEMENT TEST - Continued

26.

27.

28‘.

29,

30.

VhHat mixed number describes the
shaded part of the regions in
question 257%

A. 1 % C. 1 %
2 7
B, 13 D. 1%

Which of the following is
another name for 11/47

1 4
A. 1 E C. 11
B, 2 % D, 2 %

- 2

In the equation /3 =4 3
the is equal to what
number?
A, ll(' Ce 11
B, 12 p, 6

Which one of the following
sets of fractions is

arranged in order from largest
to smallest?

3

A 1/3 YA O1/7 179
B. 1/9 1/7 i/M 1/3
c. /7 1/9 13 1/%
D. /4% 7 1/9 1/3

Which is longest:

A, 6 inches o inches

2
]
% inches

B, 6 % inches D.

80'

zl. In which set of fractions is
1/5 larger than all the
other fractions?

A. /8 1/5 0 1/3

B. 1/6 1/5 1/8

c. Y4 1/5 1/6

D. 12 1/3 1/5
32, What fraction is less than

L/2 %

A. 15/8 ¢, 1o/4

é. 7/3 D. 21/10
33, Vhich of the following is

less than 3 1/2 ? _

A. 16/6 c. 7/2

B. 11/3 D. 30/6
3, What fraction is the

largest?

A, 4/7 c. 4/5

B. 4/9 D. 4/16
25, How many of the fractions in

the set are less than 1/2 7

(4/10, 1/3, 5/8, 3/16,
b/6, 3/8, 5/12)

A. 2 c. k

B. 3 D. 5
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SYMBOLIC ACHIEVEMENT TEST - Continued

36, Which of the following is

. largest?
A. 22 2/2 c. 2 22/2
B, 22/22 D, 222/2

37. What number can be used to replace
{1? Remember, both [ 's
must be replaced by the same

number.
2/3 = /3
2/5 = /13
A. 20 C. 10
B, 15 D. 5

38, Vhich set of fractions is in order
from smallest to largest?

A, 1/2 3/5 4/10 .

“B., 410 12 3/5 | -
C. 3/5 /1o 1/2
D. 3/5 1/2 4/10
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ITEM ANALYSIS OF SYMBOLIC ACHIEVEMENT TEST

INITIAL ACHIEVEMENT RETENTION ACHIEVEMENT
ITEM Biserial Item Biserial Item
Correlation Difficulty Correlation Difficulty
1 0539 647 - «332 653
2. .500 647 485 .736
3 0599 ’ 02?9 04?9 -292
L »520 . 368 409 LA17
5 16 471 .268 389
6 468 .735 485 © ,65%
7 373 397 429 458
8 0162 221 .109 .389
9 01{'70 0353 0691 -361
10 324 12 2527 .500
11 .666 574 «576 186
12 . «589 .206 66 o L181
13 - L7702 232 .928 111
1"" L] Ll’l? @ 39? . 387 0292 .
15 563 <206 555 <194
16 604 574 L.601 .639
17 .156 ' o147 «259 .097
18 L2h5 .32k 337 .264
19 22 T L118 599 <181
20 574 . «353 .815 .208
21 753 ,10% 926 . .069
22 : 412 0538 .562 153
23 691 +265 . 794 ‘ 181
24 305 .265 o Lhho .19k
25 T .33k L485 L1409 7
26 L1400 .103 245 186
27 423 +250 . 701 183
28 .720 +368 .290 . 352
29 621 559 . 425 «535
20 787 .279 696 211
31 «593 471 . 356 51
22 871 £ 206 .825 .169
33 694 .118 468 155
3h 0532 647 592 #761
35 L2l <204 ¢ 391 . 366
%6 133 485 240 310
37 k73 2176 .297 .129
38 0255 0250 « 366 #329
KR-20 Reliability .806 : ' .787

Test-Retest

Reliability (after :

two months) . - L8348
Number of subjects 63 63



83

CONCRETE ACHIEVEMENT TEST

Examiner!s Guide

1. As each piece of concrete material is referred to, the
examiner must hold up that piece to ensure that children
are working with the correct materials,

2 A1l answers will be recorded on the separate answer sheet.

3, Read all questions orally to the group as many times as is

necessary.
1 Materials: Multibase Blocks - base five
Question 1. "A single unit block is what fraction of a
strip?" ’
uestion 2. "A single unit block is what fraction of a
flat?n
Question 3, "A flat is what fraction of a large block?"
11 Materials: Sugar cubes and open box (dimensions 2 x 3 x 4
cubes)
Question 4, "Fill this box % full of sugar cubes, How
-many sugar cubes did you use?'
Question 5, "Fill this box T% full of sugar cubes, How
many sugar cubes did you use?"
Question 6, "Fill this box zi full of sugar cubes, How
ﬁany sugar cubes did you use?'
111 Materials: Sugar cubes and open box (dimensions 2 x 2 x 4

cubes)

Question 7, "Place four sugar cubes in this tall box,
Vhat fraction of the box is filled?"

Question 8. "Place one sugar cube in this box. What fraction
of the box is filled?"

Question 9, "Place seven sugar cubes in this box, What
fraction of the box is filled?"
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ITEM ANALYSIS OF CONCRETE ACHIEVEMENT TEST

CONCRETE ACHIEVEMENT TEST

INITIAL RETENTTON

Item EXp CON TOTAL EXP CON TOTAL
Number  (Correct) (Correct ) (Correct) (Correct) (Correct) (Correct}

1 16 26 Lz - 27 28 55
2 18 24 42 23 28 51
3 b 4 8 10 8 18
A 10 8 18 12 12 2k
S. 6 6 12 8 10 18
6 9 12 2 11 9 20
7 o 0 o. . 15 19 34
8 1 1 2 : 5 i R 16
"9 1 0 1 1 © 5 6
TOTAL 65 81 146 112 130 242
Test-Retest (after 2 months) Reliability ,600

Number of Subjects 63 -
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CONCRETE TRANSFER TEST

Examiner's Guide

. Materials: The fraction kits were constructed from light
cardboard as shown below. Bach kit contained
the following marked pieces:

1 whole
2 halves
" 4 fourths
12 eighths
+ 3 thirds
‘6 sixths
{ / /
(B Ady
-~ -~ /
bl AE
? : L | b

1. As each item in the concrete materials kit is referred to, the
examiner must hold up that piece to ensure that children.are
working with:the correct materials,

2. On the record sheet for each pupil, observers will record a (.-)
if the pupil has correctly demonstrated the answer and an (X)
if he has not. '

3, The pupil will be required to record his answer to each
question on the separate answer sheet.

4, All answers must be shown using only one kind of fractional
part., di.e. 1 + 1 nust be shown as three )l pieces or six
’ 2

1l .
¥ pleces,

5. Read all questions to the class as many times as is necessary.

rol=
+

i
]

e guestion 1.

.Question 2.

R LR (O
i

e+ | WY
i

|
r[-

Question 3.
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CONCRETE TRANSFER TEST - Continued

' Question 4., 1 % - %

. 1 1l
Question 5. 5 of 3 =
Question 6. 2 groups of z =
uestion 7. How many L 's are there in 2 ?
g k

Question 8. Divide 2 into 2 equal parts, How much is one of
these equal parts?



A.

B.

E,

F,

G

H.

SYMBOLIC TRANSFER TEST

Name:

87

i .1 0
3 6
2 2 _
3 * g °
4 i _
6 - 2 T
1 1
1y - g =
i . 1
5 Of_‘E = e

2 groups of 2 =

3

How many % 's are there in-% ?

Divide % into 2 equal parts, One equal part = ‘



ITEM ANALYSIS

CONCRETE (C) AND (PARALLEL) SYMBOLIC (&) TRANSFER TESTS

88

INITTAL RETENTION
Item :
Number 8/C EXP CON Total EXP CON Total
Addition
1 ] 5 4 9 4 9 13
c 21 18 39 20 23 43
2 s 4 5 9 3 7 10
c 18 17 35 23 19 b2
' Sub#raction,
3 S 4 1 5 1 5 6
' C 24 2k 48 26 25 51
b S 5 3 8 5 6 11
C 24 22 L6 . 27 25 52
Multiplication
5 S 8 10 18 10 12 22
c 33 26 59 33 27 . 60
6 s 10 8 18 1 9 19
c 24 22 L6 25 18 43
Division
/ S 16 13 29 10 13 23
c 10 8 18 29 28 57
8 S 8 10 18 11 12 23
o 31 27 58 14 11 25
TOTAL s 60 54 114 5t 73 129
¢ 185 16k 349 197 176 373
Test-Retest 8 695 Number of Subjects 63
Reliability c 580 -
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STUDENT QUESTIONNAIRE - EXPERIMENTAL GROUP

The following statements tell how a s

arithmetic and working with the.fract

tudent might feel about

ion strips. For each

statement circle whether you agree (A), are not sure (NS), or

disagree (D).

A - Agree
NS = Not Sure
D = Disagree

I like arithmetic;

I enjoyed the work just completed
on fractions,

I now understand fractions much
better than I did hefore I
completed this work on fractions,

“This work -on -fractions was boring

most of the time.

4

I find that the work with fractions
has confused me.

The way fractions were taught made
it easy for me to learn.

I think I learned material about
fractions that I will use in Grade 5.

I would rather work with the textbook
than using the fraction kit.

I felt I was wasting time using the
fraction kit. ~

Name:

A NS
A NS
A NS
A NS
- A NS
A NS
A NS
A NS
A NS



A,

9.

STUDENT QUESTIONNAIRE - CONTROL.GROUP

arithmetic and studying fractions using the two textbooks.

For each statement circle whether you agree (4), are not

sure (NS), or disagree (D).
Name:

A - Agree
NS « Not Sure

D ~ Disagree

I like arithmetie.

I enjoyed the work just completed’
on fractions.

T now understand fractions much
better than T did before I

_completed this.work on fractions..

The work on fractions was boring
most of the time.

I find that the work with fractions
has confused me. '

The way fractions were taught made
it easy for me to learn.

T think I learned material about
fractions that I will use in Grade 5.

I would rather have studied fractions
using fraction strips than using the
textbook. '

I felt I was wasting time using the
textbook., '

-90

The followiné statements tell how a student might feel about

NS

NS

NS

NS

NS

NS

NS

NS

NS



ITEM ANALYSIS

STUDENT QUESTIONNAIRE -~ GROUP TOTAIL RESPONSES

91

ITEM AGREE "NOT SURE DISAGREE
(A) {NS) (D)
1 E 15 - 12 5
c 18 8 5
2 E 14 14 4
c . 17 13 1
3 E 21 8 3
' C 22 6 3
4 E 7 6 19
c 6 -6 19
5 E 5 13 14
C 3 i 24
6 B 26 3 3
c 20 " 6 5
7 E 17 13 2.
c - 22 8 1
8 E 7 7 18 |
S v 7 13 11
9 E 6 v 19
C 7 7 17
Number
o ¢ 5
Subjects



APPENDIX D

PERCENTAGES AND CHI SQUARE TESTS
OF SIGNIFICANCE OF RESPONSES TO
EXP AND CON QUESTIONNAIRES OF STUDENTS

CLASSIFIED BY ABILITY LEVEL AND SEX



EXPERIMENTAL GROUP STUDENT QUESTIONNATRE

Item ABILITY LEVEL SEX
A NS D A " NS D
1 H 55 27 18 M 50 31 19
A 50 30 20 - F 44 Ly 12
L 36 55 9
e 2,2 .6
P . ?0 * 75
2 H 55 27 18' M 44 50 6
A 60 Lo 0 Fooy 37 19
L 18 64 18
Qf . 6.07 1.29
P 020 .50
3 H 64 27 9 M 75 19 6
A 80 10 10 F 56 31 13
L 55 36 9 '
w? 2,02 1,26
P .7{ .50
L 18 0o 82 M 31 13 56
A 0 30 70 FO13 25 62
L 46 27 27 .
x° 11,25 2,01
P 03 38
5 H 9 27 64 M 19 Ly 37
A 10 ko 50 F 13 37 50
L 27 55 18
e 5,19 56
P 028 -] ?5
6 H. 91 9 0 M 88 6 6
A 100 0 0 F 75 12 13
L 55 27 18
x? 8.62 .82
P .92 .66



EXPERIMENTAL GROUP STUDENT QUESTIONNAIRE

Ok

Item ABILITY LEVEL SEX
A NS D A " NS D

7 H 55 45 0 56 28 é
A 40 50 10 50 44 6
L 64 27 9

x? 2.37 L1k

P 67 .95

8 H 18 18 64 13 25 62
A 20 20 60 31 19 50
L 27 27 L6

X .82 1,55

P 09"" 095

9 H 27 27 L6 3 13 56
A 0 0 100 6 31 63
1 27 26 37

'mf 10,24 L,o1 .

P

O

013




-~ CONTROL GROUP STUDENT QUESTIONNAIRE

%5

.62

T,

75

Item ABILITY LEVEL SEX .
A NS D A " NS D
1 H 64 18 18 . M 64 12 24
A 70 20 10 F 50 43 i
L 4 ko 20
e 2,38 by, by
P .68 .13
2 H 64 27 9 M 65 35 0
A 60 4o 0 F 43 50 7
L ko 60 0 : . -
R 3,77 2,28
P 45 .32
"3 H 100 0 0 M 65 24 6
A 70 20 10 F 79 14 7
L k0 ko 20 ‘
. ,‘f. 9.16 .5"" Lo
P 006 '7?
L B 36 0 64 M 24 17 59
A 10 20 70 F 14 22 6l
1 10 Lo 50
< 6.85 43
P .15 .80
"5 H 0 18 72 M 5 24 7],
: A 0 10 90 . F 14 4] 86
L 30 10 60
G 7,29 4,08
P 'lh' ol""
6 H 64 29 9 M 359 23 18
A 70 20 10 F 72 14 14
L 60 10 30 -
"o 2,65 .58
P



. CONTROL GROUP STUDENT QUESTTONNATIRE

96

Ttem:  ABILITY LEVEL SEX
A NS D A NS D
? H 72 18 0 M 65 29 6
A 70 30 0 F 79 21 0
L .60 20 10
~© 2,84 1,22
P .59 "56 ;
8 H 18 36 46 M 29 42 29
A 30 Lo 30 F 14 43 43
L 20 .50 30
15 1.09 1,17
P 0G0 56
9 B 18 27 55 .M 29 29 i2
A 20 10 70 F 14 14 72
L 20 30 Lo o
@ ou2h 2,84
p .70 .25




APPENDIX E

RAW SCORES
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APPENDIX E

RAW SCORES FOR ALL SUBJECTS

ID Numbers - The first three digits of the four digit identification
number for each student indicate his treatment group,
ablllty level, and sex as follows:

; ABILITY

ID GROUP LEVEL SEX
111 EXP H M
112 EXP . H F
121 EXP A M
122 - EXE A F
131 E{P L M
132 EXP L F
211 CON H M
212 CON H F
221 CON A M
222 CON A F
231 CON L M
232 CON L F

The last of the four digits indicates the studentt's 1nd1v1dual
number,

~Column Heading Measure

Non-Verbal I. Q.

Initial Symbolic Achievement Test
Initial Concrete Achievement Test
Initial Symbolic Transfer Test
Initial Concrete Transfer Test
Delayed Symbolic Achievement Test
Delayed Concrete Achievement Test
Delayed Symbolic Transfer Test
Delayed Concrete Transfer Test

(NelRe-LANe LS BNl SN L Lo




ID
1121
1122
1112
S 1123
1124
1125

1113
1126

1114

1115
1116

1211
1212
1222
1223
1224
1213
1225
1214
1215
1226

Az21
1311
1322
1324
1312
1313
1314
1325
1315

1326.

1317

2111
2121
2112
2113
2122
2123
2114
2124
2115
2116
2125
2126

1

139
136
131
129
124
120
120
119
118
117
117

114
113

110
110
109
109
107
105
104

104
104
103
099
098
096
095
092
091
085
074

143
129
128
121
118
118
117
116
115
115
115
115

25

24
15
19

14

09
16
20
08

09
a7
18
11
10

11
16

09
1

10

09

09
03

08
36
17

11
17
22
1k
13
08
14

es

MNRPWNNNETRNNWER MNWOONNDOWO R

OFHNHENWOGKF HHEHREUDWWJAUVIUE W

OCNNOHWNOW £FNWOHOKHHENNF &

QOOFRMNMFWOHNO

VOO FHMNSIH O W]

OAWIIFEFENNI~J0 WH IEFEOI=2~JO0N & & \J’I\J’IO\HO\\TI\JI'\'JOO\] ~l oI OV o\ oo e \n

26
16
14
19
13
13
13
09
11

- 16

1h

09
28
15
11
14
10
05
1k
13
.06

09
06

14-

06
12

10
07

.06

07
11

36
23
21
14
16

21

15

16

13
10

a2
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ID

2221
2211

2212
2213 .

2214
222%
2215
2224
2226

2321
2322
2311
2312
2313
2323
231k
2315
2316
2325

1

114
113
112
111
111
110
109
107
104

102
101

098 -

096
09k
093
091
089
087

077

>

28

07

18
20
16

15°

16

09
10
08
06
0l
16
11
10
11
05

OMMwWFEIrn W

NN RN ENEWO

OOMOWVWKHROOHO OFFRFPWMDOWOMN -

™M N VAN OYOW CovN AFOIITI~IVO~I W\

22
15
18
15
18

11
07
13

10
13
11
09
08
15
09
09

03
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APPENDIX F

CORRELATION MATRIX FOR ALL TESTS

-

TEST 1 2 3 4 5 6 7 8 9

1,000 .624 Juhbh  LBoO 366  L661 L3hh 567 486
1,000 563 .,593 Jh447 LBh8  L439 721 443

- 1,000 ,L528 ,251 .652 .600 ,557 .309

1,000 445 L6481 ,267 .695  Lho2

1.000 448 272 ,393 580

1.000 ,558 .693 Loy

1,000 .393 .173

1,000, .378

1,000

)

W e\ o0 W
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