MEDIA INTEGRATION IN THE TEACHING OF
MATHEMATICS IN THE PRE-PRIMARY
AND PRIMARY SCHOOLS

by

MMAMAPALO ELINAH SEOPO-SENGWE

submitted in accordance with the requirements

for the degree of

DOCTOR OF EDUCATION

in the subject

PSYCHOLOGY OF EDUCATION

at the

UNIVERSITY OF SOUTH AFRICA

PROMOTER: PROFESSOR M.W. DE WITT

NOVEMBER 2001 %



372.7044 SEOP

DEDICATION

This thesis is dedicated to my sons and daughter

Popota
Paledi
Asirane
Pitso and

Mmenyane



DECLARATION

| declare that MEDIA INTEGRATION INTHE TEACHING OF MATHEMATICS IN THE PRE-
PRIMARY AND PRIMARY SCHOOLS is my own work and that all sources that | ha\}e used

or quoted have been indicated and acknowledged by means of complete references,

o

/ / / /
Signed: 'E.M. SEOPO-SENGWE



ACKNOWLEDGEMENTS
I wish to express my sincere gratitude and appreciation to all those who directly contributed
towards the accomplishment of this project. | would particularly like to acknowledge my

indebtedness to the following persons:

+ My promoter, Professor M.W. De Witt for her invaluable guidance and leadership

. Prof Schultze for computation of the statistics of this thesis.
. My family for their encouragement and support.
. The principals, staff and learners of sample schools

. Ms Thandiwe Manong for typing this thesis

May God bless you all.



Topic ; MEDIA INTEGRATION IN THE TEACHING OF MATHEMATICS IN
THE PRE-PRIMARY AND PRIMARY SCHOOL

Name ; MMAMAPALO ELINAH SEOPO-SENGWE
Degree : DOCTOR OF EDUCATION
Subject : PSYCHOLOGY OF EDUCATION
University UNIVERSITY OF SOUTH AFRICA
Promoter PROFESSOR M.W. DE WITT

SYNOPSIS

The fundamental purpose of this research is to establish whether mathematics can be taught
effectively with the use of appropriate media and to further establish the possible effects of

media in the teaching of mathematics.

The research touched on the principles and guidelines of media selection and the various
methods that could be utilized in conjunction with mediain the teaching of mathematics in the

pre-primary and primary schools.

In media selection, the emphasis was that media must be chosen objectively rather than on
the basis of personal preference and that the effectiveness of media is dependent on the

suitability of the physical conditions surrounding it.



The overall findings regarding media utilization is that most educators believe that media
used in conjunction with a suitable or appropriate method should help to actualize what is

expected from the learner.

The research method in this stUdy can be divided into a literature study and an empirical
investigation. The literature study was done with a view to support the introductory

orientation of this study.

The focus was on learning as an active process, it also highlighted how the young learners
acquire knowledge and how their interaction with their environmentimpacts on their cognitive
development. The research also dealt with concept formation with special reference to the
variety of concepts such as physical sensory concepts, action-function concepts, evaluative

concepts and abstract concepts.

The questionnaire was used to gather data from seventy (70) educators about media
integration in the teaching of mathematics in the pre-primary and primary schools. An
observation guide was also used during the observation of the presentation of twelve (12)
lessons by eight (8) teachers from the pre-primary and primary schools. The iessons

included the nature and characteristics of media employed in the lessons.

The following factors were taken into account:
lesson plan layout

)
b)  specific outcomes
)

(2]

contact accuracy and relevance

(
(
(
(

[=X

) learner variables and interest
(e) the learning environment and
() the mediation capabilities of the educator

()  availability of media in schools



The discussion of data collected was followed by the data analysis and interpretation. The
statistical techniques were used to put the researcher in a position to either reject or accept
the nuil hypothesis. The techniques used were the Wilcoxon Signed Ranks Test, the

Pearson Correlation coefficient, the NPar Test and Friedman Test.

On the basis of the findings the researcher has sufficient, concrete evidence to conclude that

the results invalidate the null hypothesis tested. Therefore the researcher’s conclusionis that:

(@)  thereis apossible effect of media in the teaching of mathematics lessons in the pre-
primary and primary schools.

(b)  thereis apossible effect of media selection and integration of media in mathematics

lessons.
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I

CHAPTER ONE

INTRODUCTORY ORIENTATION

INTRODUCTION

Most educators, believe that teaching and learning is not only collecting
information or supplying learners with information, but also to employ
instructional approaches thatwould engage the learners interest, sustainitand
encourage them to be active participants in the learning situation. In order to
capture the leamers interest, foster cognitive development and problem
solving skills, a resourceful and creative educator would employ instructional

media as one of the methods in his/her teaching.

It should however be noted that using a variety of media as such, does not
necessarily assure that teaching and learning should or must be effective.
Effectiveness depends on the correct use of those media most conductive for

the attainment of specific objectives of a lesson.

There is an expressed concern by most educationists about the level of
educators’ use of instructional media in their lessons (Anandam & Kelly
1981:23; McMeen 1986:46), in a study involving an assessment of the
production and utilisation of instructional media by student educators, Carter
and Schmidt (1985:30) observed that, although the student educators had
received concentrated instruction in educational media during their training,
their performance in media utilisation, raised serious questions about the
effectiveness ofinstruction they received. Mostofthe student-educators relied

more on traditional forms of media such as posters and bulletin boards.
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Carter et al (1985:31) observed that student educators did not want to commit
themselves to instructional materials which are complicated to produce and
utilize. Klasek (Liz’amoré 1974:143) argues that most educators fail to use
instructional media because of not being aware of the resources and variety
of media available to them. This implies that training in media selection and
utilisation must form an integral component of teacher education (Marais
1992:178; Carter et al 1985:32).

The factors that must be considered in the selection of media are:

a) Correctly stated objectives of the lesson and the learners learning
goals, that is, the new capabilities that the learner should possess at
the completion of the lesson (Heinich, Molenda & Russel 1990:37).

b) The characteristics of the learners, the size and composition of the
group to be taught.

c)  Thelearners performance (Lizamore 1978:143; Stowe 1974:74).

Integrating media with teaching and instructional programmes have been

found to produce desired leaming results (Heinich, et al 1990:11).

According to Sibalwa (1983:30) most students would rather preferinstructional
programmes that are accompanied by a variety of media, because they help

to improve understanding of the concepts that are being taught.

De Corte (Kozma 1994:16) supports the claim that the integration of media
and method with the educational content play a prominent role in achieving

desired learning results.
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Kozma (1994:9) asserts that media has a positive effect in learning. He cites
studies conducted by White (1993:68). “Thinker Tools” whereby two groups of
Middle school students were compared. The experimental group used
“Thinker Tools” which allow students to manipulate computer objects that
behave according to rules derived from Newtonian meChanics. The control
group had studied Newtonian mechanics using traditional methods. The
results revealed a signiﬁcantly higher score in favour of the experimental
group. Kozma (1994:8) also cites a mathematics study designed by
Haneghan, Barron, Young, William, Vye, in 1990 called: “Jasper Woodbury
Series”. This series is a set of video disc-brased problem situations in
mathematics. The set provides' educatorsvand middle school students with

real-world context for learning complex mathematics problem solving.

The experimental group used the video disc and worked in small groups to
find a solution to problems. There were no clues nor help given to the
students. This group was compared to a control group which was also
subjected to the same problem. The control group was also not given
‘guidance but instead received instruction practise in solving problems similar
to those that “Jasper” (principal character in the story), would have to solve
such as distance, elapsed time, fuel consumption rate, etc. The experimental

group scored a mean of 58% whilst the control group scored amean of 29%.

According to Kozma (1 994':9), the Study clearly indicate the “... capability of -
video to present complex, dyné’mic mental modes of those situations”.
However, itcould be argued that other studies by Ross and Anand (1987:152),
Dorsey-Davies, Ross and Morrison (1991:64) have shown that story probierhs

contextual information improve performance.
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Clark (1994:445) is of the opinion that media do not influence learning under
any given condition. Clark came to this conclusion after he had reviewed the
results of comparative research on educational media. He claimed that it is
not necessarily the medium that influenced the learner’s achievements, but
rather, the method or content that is integrated with the medium. He used an
analogy that “... media are mere vehicles that deliver our instruction but do not
influence learners’ achievement anymore than the truck that delivers our

groceries cause changes in our nutrition”.

Clark (1994:445), further claims that, any necessary teaching method could
be designed into a variety of media presentation. However, Reiser (1994:45)
asserts that certain media attributes make certain methods possible “. . unless
certain media attributes are present, certain instructional methods cannot be

delivered effectively”.

According to Petracchi & Patchner (2001:108) in a study of comparison of life
instruction and interactive televised teaching, the study evaluated performance
and experiences of distance leaming leamers enrolled in graduate level
foundation social work research method course. Some learners received
face-to-face instruction in a media-readied classroom whilst others received
- courseinstruction viainteractive television (ITV). When their performance and
attitudes were compared, it was found that there were no statistically
significant differences in their assessment. The researchers, however state
that ITV can be employed effectively to deliver research methods courses
without sacrificing student achievement and satisfaction (Petracchi et al |
2001:113).
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AWARENESS AND STATEMENT OF THE PROBLEM

Mathematics learning and teaching in pre-primary and primary schools pose

a challenge to many facilitators. For most facilitators especially those without
good grounding in mathematics, they experience a general feeling of unease

and lack of confidence.

The researcher, in her capacity as an examination moderator for Work
Experience in a number of pre-primary and primary schools, became aware
of the problem when visiting student-educators in their teaching experience.
The researcher’s focus was on the facilitators in “other” classes and not

necessarily on the classes selected for teaching experience.

The researcher’s interest in the topic arose from the concern over the long-
term effect on the learners, due to their facilitators misconceptions and limited
understanding of mathematics and of course lack of foresight in the selection

and use of appropriate media in the teaching of mathematics.

Most faciiitators are fully knowledgeable about the mathematical concepts,
they are conscientious and able to facilitate the subject. However, frequently -
through no fault of their own, some of them, like most of their educators before
them were taught mathematics by drill, as a set of rules and recipes. Theidea
of understanding as the main goal, may have played little part in their

mathematics education.

Effective instructional media can help the leamers understand the meaning
and massive changes in their environment. There is need for improved

instructional experiences not only in mathematics but in all areas of learning.
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There are two general types of instruction that isindirect personal, face-to-face
instruction and instruction mediated by print, recordings, television, pictures,
models, maps and many more. The effective use of inétructional media must
tap the powerful and undeveloped potential of the learner. For example when
pre-school and primary school learners are engaged in mathematical activities
they are involved in manipulating some of the concrete materials, symbols,

pictures and languages.

The leamers manipulate concrete material by moving blocks, various sets of
toys and other objects, rods, counters, coins, their fingers and so on. They
manipulate symbols by making marks on pieces of paper and arranging them
in a prescribed fashion, drawing lines here and there. Filling in boxes,

underlining answers and so on.

There is need for mathematics facilitators to fully utilize mediain Mathematics
Iessohs and to view the growth of understanding as the building up of cognitive
connections. It is a fact that learning without making connections can be
regarded as rote learning. The learner has to be helped to build up

connections between new experience and previous experiences.

It can be claimed that“ most facilitators are exposed to media integrated
learning. Some of the facilitators are good at manipulating figures for their own
good but not necessarily good at imparting or facilitating mathematical
concepts to the full understanding of the learners. Most learners are in
constant relation and communication with their own world, the world of
technology, the world of television, the world of computer managed learning

systems and other resources. It is regrettable to note that most facilitators
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especially in previously under-resourced schools still experience a backlog in
resources such as a variety of media that would help them to make learning

interesting and facilitation effective.

DISSERTATION OF THE PROBLEM

In the light of the researcher’s observations as indicated above, itis clear that

facilitators need to be exposed to knowledge of how to make appropriate
selection of media for their lessons and knowledge of how to effectively
integrate media and methods to obtain desired learning outcomes in

Mathematics.

in short, the following problems will be researched: What are the significant
effects of media integration in the facilitation and learners understanding of

mathematical concepts in pre-primary and primary schools?

This research problem can be stated in specific terms as follows:

What factors influence the learners’ cognitive development?

What criteria is used by facilitators in the pre-primary and primary schools to
make appropriate selection of media for use in mathematics lessons?

What impact do the following factors have on media selection?

1.3.3.1 Specific outcomes

1.3.3.2 Learner variables and interest
1.3.3.3 Learning site and

1.3.3.4 Facilitators capabilities
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What attempts are being made by educators in effecting media integration in

facilitating Mathematics in pre-primary and primary schools?

ASSUMPTIONS

It is, in most cases taken for granted that facilitators are conversant with

cognitive development theories and their relevance in learners’ education.
(Good selection of media can be achieved through good training and education,
in other words, any facilitator who has had initial educator training should not
find it difficult to make appropriate selection of media for his lessons.

If one is a good educator, one is likely to achieve one’s goal with or without
using instructional media. |

Itis, in most cases, taken for granted that educators use media because they

are available in the school.

DEMARCATION OF THE FIELD OF STUDY

The problem of long term effect on learners due to poor performance in

mathematics in pre-primary and primary schools, is experienced country-wide.
The fundamental cause could be directly linked to failure by most facilitators

in integrating media in their Mathematics lessons.

To conduct this research in the whole country would be impossible if one
wants to get to the root of the problem and avoid superficial research results.
Beit, as it may, the researcher has selected Mafikeng Region as a study area.
There are presently more than twenty primary schools and about fifteen pre-
primary schools in the area. Only four pre-primary schools and four primary

schools in the aforementioned area will be included in this research.
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It should however, be noted that the population of sample schools to be
engaged in this research represents large numbers in most pre-primary and
primary schools. Although the research will be undertaken in Mafikeng
Region, it should be of great significance to a large number of facilitators and

learners throughout South Africa.

AIMS OF THE INVESTIGATION

The fundamental aim of this study is to establish beyond doubt the effect of

media integration in the facilitation of mathematical concepts in the pre-

primary and primary schools.

The objectives are:

To investigate the factors that influence the learners cognitive development;

To determine to what extent the following factors can impact on media
selection for the purpose of facilitating mathematics lessons in the pre-primary

and primary schools.

Specific outcomes

(i) Learner variables and interest
(i) Content, accuracy and relevance
(i) Learning site and
(

iv)  Facilitator's capabilities

Todetermine the criteria used for selection of media for facilitating the learning

of mathematical concepts in the said schools.
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To establish the attempts that are being made by educators in effective media

integration in mathematics lessons in pre-primary and primary schools.

METHODS OF RESEARCH

Three methods of research will be used, namely:

(i) a questionnaire (survey)
(if)  observation of lessons presentations

(i) interviews

Questionnaire (survey) method

The foundation of all questionnairesA is the question. The questionnaire must
translate the research objectives into specific questions. The responses tc
such questions will be analysed to provide the data. The questions must be
phrased in such a manner that the respondents are motivated to supply the
necessary information (Nachmias and Nachmias 1981:209). However, it must
be noted that the questionnaire that is not properly designed can produce a
fundamental source of bias in the ultimate results of the survey (Denzin
1989:145). The questionnaire should be fully structured, that is, questions

should be asked in predetermined sequence using identical wording.

There is need to avoid bias in questionnaire construction. Such pitfalls include
inappropriate wording of questions. The vocabulary used should be
understandable by all intended respondents. The question should have one
and the same meaning for each respondent unless the objective is to assess
differentials in meaning. Another pitfall is the leading question whereby the
researcher is perceived to expect a certain answer. Leading questions are to

be worded and phrased in such a manner that they do not appear to be
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emotionally loaded. The tendency is for the respondents to react not so much
to the issue posed by the question as to the loaded phrase itself (Nachmias
et al 1981:225).

One other pitfall is the use of threatening questions. According to Bradburn,
Sudman, Blair and Stocking (1978:229) the researcher needs to determine
which are the threatening questions and rephrase themin such away thatthey
do not produce biased responses. The respondents could be requested to

classify their responses in given categories

in this study, the questionnaire is designed with close-ended guestions. in
close-ended questions, the respondents are offered a set of answers or
statements from which they are asked to choose the one that most closely

represents their views.

Close-ended questions are easy to ask and quick to be answered. They do not
require any writing by either the respondent and the interviewer. Their
analysis is straightforward. Close-ended questions require less motivation to
communicate a response on the part of the respondeht. Close-ended
questions are suitable when the researcher’s objective is to getthe respondent
to express agreement or disagreement with an explicit point of view, but if the
researcher wants to know more about how the respondent came about that
view, then open-ended question is more appropriate {(Nachmias et al
1981:213).

The observation method

The main quality of observation is its directness. It enables a researcher to
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study behaviour as it occurs. It deals with the overt behaviour of persons in
appropriate situations. All what the researcher does is to watch the subjécts
do and say things. The researcher gets first-hand data that are
uncontaminated by factors standing between the researcher and the subject(s)
of research (Nachmias et al 1981:158).

The outstanding requirement for observation is to know the behaviour that is
being observed and the ability to concentrate and being focussed, since a
limited knowledge may cause or lead the observer to miss out on many
important aspects. According to Nachmias et al (1981:159) there is need to
have a framework for describing the observed behaviour. They also maintain
that it is possible to observe a child talking and interacting with another child
or adult and describe many important and interesting aspects of the situation,
but not provide information that is necessary for understanding what the child

knows.

Observation may take place in a natural setting (De Vos 1998:280).
Observational methods might be used in cases where subjects are not willing
-fo co-operate with the researcher or in some cases where subjects are unable
to express themselves verbally. The observer can get a clear picture of what
is going on by observing the subjects in their familiar environment. The
researcher is able to observe how the observed interactwith their environment
(De Vos 1998:280).

Observation may take place in alaboratory where sophisticated devices such
as one-way-vision mirrors or screens, video cameras and audio-

introspectormeters can be used (Nachmias et al 1981:157).
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Laboratory observation is the most controlied method of date collection
(Nachmias et al 1981:169). It involves introduction of conditions in a
controlled environment. ,(jbservations in alaboratory are recorded on the spot
during the experimental session. After the observatory exercise, the units of

observation are assigned to a well-structured category system.

In some cases, the researcher might take partin the activities of the observed.
The researcher then becomes a participant observer (Denzin 1989:118). Ina
case like that, the researcher attempts to share the world view and adopt the
perspective of the people in the situation being observed (De Vos 1998:279).
In otherwords, the observer wants to get to know more about the observed by
“acting” as one of them. In most cases the observer conceals his role as an

observer and records his observation in secrecy (Nachmias et al 1989:173).

interview method

An interview is a face-to-face verbal interchange in which one persoh, the
interviewer attempts to illicit information or expressions of opinions or belief
from another person or persons (De Vos 1998:297). Interview is like a
conversation. Conversation is a give-and-take between two persons or more.
It is an informal interchange of thoughts by spoken words (Denzin 1989:12).
The basis of interview is “talk” and its social organization (Powney & Watts
1987:7). |

According to Powney et al (1987:2) interview is one of the fnethods that is
mostly used within psychology and least utilized within the theory of sciences.
The ability to interview eﬁectivelyban not be taken for granted. The interviewer

needs careful preparation and practice to develop sound and recording skills
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as well as the ability to analyse and evaluate the data collected (De Vos
1998:301).

Douglas 1985 (Denzin 1989:109) talks about creative interviewing, that
creative interview is dependent upon attentive listening, he further states that
the creative interview impinges on another person’s world and building a
trustjkng relationship with that person. Itinvolves the capacity to be quiet and
to sympathetically identify with another’s point of view. Persons can only
share experiences with each other if they listen to one another (Denzin
1989:109).

Powney et al (1987:7) are of the opinion that an interview is based upon tatk
and that data could be gathered through direct oral interaction. The exercise
involves the person who asks questions and how he/she phrases the

questions and on the other hand, is the person who answers the questions.

There are three forms of interviews, the schedule standardized interview, the
non schedule standardized interview and the non standardized interview. In
the schedule standardized interview (SSI) the wording and order of all
questions are exactly the same for every respondent (Denzin 1989:104). Al
the questions are comparable. The differences in their responses cannot be
attributed to the instrument but to the apparent variations between the
respondents themselves. In this case, the natural settings will be the
classrooms. The aim is to getfirst-hand information about the activities in the

classroom.
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RESEARCH TOOLS
The study will include a questionnaire, observation of lessons presentations

and interviews.

QUESTIONNAIRE

A self-developed guestionnaire (on the basis of literature study) will be
completed by seventy (70) educators (N=70). This number will include eight
educators (N=8) who will be presenting twelve (12) mathematics lessons for

observation.

Only educators with more than three year teaching experience, will take part
in the research study. The researcher has chosen this category of educators
because there are quite a number of them in the pre-primary and primary

schools who are experienced but not qualified and some are under-qualified.

By means of the questionnaire, data will be gathered to establish the following:
(@)  What the nature and characteristics of media shouid entaii in the

facilitation of mathematics in pre-primary and primary schools.

(b)  The criteria used for selection of media for use in the facilitation of

mathematics in the pre-primary and primary schools.

()  The attempts that are being made by educators in effecting media
integration in the facilitation of mathematics in the pre-primary and

primary schools.
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The data collected by means of the questionnaire will be computer processed

(See annexure “A’ for the questionnaire).

The empirical research will include:
* Presentation of mathematics lessons by the educators in the pre-
primary and primary schools to determine the following:

the nature and characteristics of media employed in their lessons.
selection and integration of media in their lessons.

The specific outcomes, content accuracy and relevance, the learner
variables and interest, the learning site and the mediation capabilities
of the facilitator.

The researcher will design an evaluation instrumentto obtain feedbacks in the

4

areas as suggested above {See annexure “B")

Population
The total number of lessons to be evaluated for both pre-primary and primary

schools will be twelve (12). Because of large numbers of learners in the local

~ primary schools, the researcher will request the principal of the school to

allow, at the most thirty (30) learners in a class to participate in the lesson.
Thatarrangementwill not affect the pre-primary schools because the numbers
are controlled. Each educator will be required to submit, on the day of

presentation, the lesson plan, indicating the following:

The lesson topic
Time
Specific outcomes

Content
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*

*

Relevant media
Method of facilitation

Conclusion

The lessons will be analysed to obtain data. A five point scale evaluation

instrument will be designed to capture and rate the following:

Observations

*

*

*

*

*

prior subject matter knowledge
mathematical ability

reading and understanding of instructions
accuracy of content

relevance of specific outcomes stated or implied

Media used in the lesson

*

*

*

type

appropriateness

aroused/maintained interest

technical quality

helped to promote participation/involvement
evidence of effectiveness

cost effectiveness in terms of pupil achievement

Learners performance

*

*

*

did they show interest in the lesson?
participation and involvement

display of capabilities/u nderstanding
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Class facilitator’s presentation and mediation capabilities

*

clarity of specific outcomes

*

appropriate vocabulary usage

*

meaningful organisation of content
* integration of media in lesson

The questionnaire data and observation data of the empirical study, will be
integrated in order to determine the extent to which specific outcomes, learner
variables and interest, content accuracy and relevance, learning site and
mediation capabilities of the educator can impact on media selection for use
in the facilitation and learning of mathematical conceptin the pre-primary and

primary schools.

DEFINITION AND ELUCIDATION OF CONCEPTS
Media

Media arechanneis of communication derived from a Latin word for “between”,

the term refers to anything that carries information between a source and

receiver.

McLuhan (1964:130) sees media as “extensions of man which allow him to
affect other people who are not in face-to-face contact with him. The
extensions include among others, television, telephones, cellular phones, films

etc, with which one man can reach out to another.

According to Heinich et al (1990:14) the role media is to convey messages
with an instructional purpose, that is, to facilitate communication. Media in
education act as supplemental support of the educator. Properly designed

media help to enhance and promote learning.
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Instructional Media

ftis any medium which carries messages with aninstructional purpose (Kemp
1978:14). In any facilitation and learning situation there is a message to be
communicated. The message, in most cases may be directions to the learner
or instructions on how to go about the subject matter content (Tomlinson
1981:92)..

An object becomes a medium of instruction only by assuming a specific
function, for example, if television has to be used as a medium of instruction,

it has to serve a particular purpose rather than if one deals with it as a

television box that emits pictures and sounds (Gerlach & Ely 1971:298).

Instructional media should make a substantial contribution to the achievement
of the objective of the lesson (Kruger, Oberholzer, van Schalkwyk and Whittle
1983:266).

Pre-primary school

A pre-primary school is a centre or site where a group of 3-6 year old receive
formative education in an informal yet purposeful planned and organised
manner. The learning areas (subjects} are not demarcated as in the case of

primary schools (van Schalkwyk 1988:122).

The programme includes concepts such as music, movement, language,
number of numerical concepts (mathematics) art, religion, health education
etc. Pre-primary education complements what the child learns at home and

continuity between home and school is therefore important.
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Primary school

A primary school is a centre or site where learners aged 6-12 years of age
receive formal education. The education offered is elementary (Farrant
1980:283). It lays a foundation and is of a preparatory nature. It provides for
every person’s basic right to literacy. Itis, in mostcases compulsory and free
to everyone in some countries. Primary schools offer the learner’s general,
broad and basic education. It lays a foundation for secondary education (van
Schalkwyk 1988:123). The purpose of the primary school is to introduce the
learner to various skills of reading, writing, mathematics, studying and being
independent, the culture of his community, sports, science, religion, moral

education efc.

Teaching/Facilitation
Teaching involves the skill and ingenuity to reconstruct the curriculum,

redesign the environment and change one's behaviour so thatone’s learners

~will have the experiences, resources and support they need for development.

It is an art of helping the learners to develop sensitivity, compassion and
intelligence. Teaching occurs in any instructional situation. It involves the
educator, the learner and the subject matter or the content as is widely known.
It is obvious that in any facilitation and learning situation, morals and values

will be part and parcel of the exercise (Krech et al 1982:665).

It is the ability to observe and discover learners’ skills and needs and build a
learning environment that is centred from them and does not violate them. The
educator has to be responsible to the learners rather than depend entirely on

the curriculum.
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The craft of learner-centred teaching has to do with guidance of a learner in
his early interaction with the world around him and with himself (Farrant
1984:129). Teaching should attempt to give a leamer a feeling of belonging
to the physical and social world and to encourage involvement in and
responsibility towards it (Entwistle 1970:158). The educator should help the
learner to enjoy success, to acceptand give criticism, to develop creativity and

aesthetic awareness and to be at peace with himself.

In this study the focus is on the facilitation of mathematics with the help of
resources. Teaching in this case has to do with developing the learner’s
capacity to gain deeper understanding of his physical and biological
surroundings. The learner has to be helped to develop and apply practica!iy
an understanding of mathematics. An attempt has to be made to integrate
concrete experiences with creative arts and to use media to its fullest in order

to convey the mathematics concepts that the learner is expected to know.

THE PROGRAMME OF RESEARCH
CHAPTER 1

This study consists of six chapters. The first chapter holds as content, the

introductory orientation to the study which states briefly the literature on the
utilization of media in lessons. The chapter also captures the researchers
awareness of the problem of research. The statement of the problem reads:
Theintegration of media in the teaching of mathematics in the pre-primary and
primary schools; the demarcation ofk the field of study; the purpose of the
study; it further explains the method to be adopted; the definition and

elucidation of concepts and the programme of research.
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CHAPTER2

Chapter two deals with the review of literature on concept formation and
cognitive development. A detailed account of learning and how learning takes
place will be discussed. Another detailed account of cognitive developmental
theories will be discussed to establish their contribution to the child’s mental
development. Concepts such as conservation of number, length, volume
space etc., will be explored. Fundamental mathematical ideas involved in the

process of measuring such as, comparison; ordering will be addressed.

CHAPTER 3

Chapter three deals with a variety of media available in schools under the
following main headings: Instructional media, a variety of methods used in
lesson presentations. Designing visuals, non-projected visuals, projected

visuals and technology used in education.

CHAPTER 4

This chapter focuses on the selection of appropriate media for integration in
the teaching of Mathematics. The following factors are taken into
consideration: Guidelines for media selection, with special reference to
objectives, content consideration, the leaming environment and the learners’
characteristics. The improvisation of media by the class educator in his/her

lesson also forms part of the discussion.

CHAPTER 5
in this chapter, the research methods are discussed. The eight teachers from
the selected eight schools are subjected to an investigation, to try to establish

beyond doubt as to whether integration of media in the teaching of
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mathematics at Pre-primary and primary schools, help to arouse and capture
the learners interest and attention as well as foster cognitive development and
problem solving skills. Sixty educators including the eight educators already

mentioned in this chapter will complete the questionnaire.

CHAPTER 6
This chapter comprises the analysis and interpretation of research results,

conclusions of the research and recommendations for future research.
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CHAPTER TWO

LEARNING, CONCEPT FORMATION AND COGNITIVE DEVELOPMENT

INTRODUCTION

For the purpose of this investigation into media integration in the facilitation of
mathematics to young learners, the researcher has found it necessary to first
highlight how young learners learn and how their interaction with their world
impacts on their cognitive development. Conceptualisation with special
reference to the variety of concepts such as physical sensory concepts,
action-functional concepts, evaluative concepts and abstract concepts will be
discussed. This will be followed by a detailed account of cognitive
developmental theories that will establish their contribution to the young

learner's mental development,

Piagetian cognitive development will form a basis of the discussion. This will
entail mental operations and developmental stages, concepts such as
development of number concepts, will be explored. The fundamental
mathematical ideas involved in the process of classification, seriation and

comparison will be discussed.

Views expressed by Jerome Bruner (Tomlinson 1981:99) concerning
progression from inactive to iconic and finally to symbolic will be addressed.
This will be followed by Sternberg’s (1984:19) view of cognitive development
which features meta-cognition, that is a persons, knowledge of his mental
abilities and the factors thatinfluence thinking. Gardner's (1983:289) cognitive
theory of multiple intelligence will be discussed. He postulates the view that

the mind is organised in terms of relatively independent realm of functioning
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and that these realms of functioning could be referred to intelligence. The
discussion will also touch on the views expressed by Reuven Feuerstein
which lay emphasis on the need for a mentally challenged child to be helped
“to go beyond himself* (Sternberg 1984:59). Thatsuch a child needs an adult
intervener, a mediator and a motivator who can arouse or awaken him to
function intelligently. Finally, Carl Haywood's (1997:8) approach to cognitive
development will be discussed. He, like Feuerstein believes in mediated
learning whereby the child is helped to learn how to learn and to learn how to
think.

Learning

The concept ‘learning’ has many definition. There is no single definition that
is universally acceptable as most educators like Howe (1980:115) has stated.
Itis impossible to define learning clearly and unambiguously in such amanner
that makes it possible to distinguish between learning in its varied forms and

some other causes of change in a persons behaviour.

Learning is an active process. It presupposes active involvement by the
learner in the act of learning before it can take place. This means that no
person can leamn for the other. Therefore it is only when a person learns that
one can speak about the act of learning. In supporting these views Nicholson
and Lucas (1984.62) claim that learning is something done by people it cannot
be done to them. You can help others to learn, but you cannot make them
learn. A person learns only if, and to the extent that, he himself participates
in or resﬂponds to the conditions which make up the learning situation. The
more he responds and the more intense his motives for respondinﬁg, the more

he learns.
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Learning could be defined in varying ways according to the theoretical
learnings of the person offering the definition. The following are some of the
definitions of learning according to some educators: Learning as defined by
Tomlinson (1981:103), is a process whereby capacities or tendencies ch ange
as aresult of action or experience. Learning is a change of behaviour. When
learning has taken place, the results of learning are observable. The learner
knows something or can do something that he or she did not know or could not
do before. Much as learning leads to a change of behaviour not all

performances are a result of learning.

Some programmes are a result of growth and maturation. According to
Papalia and Olds (1988:160) learning cannot be attributed to ability or skill that
is attained as a result of maturation, also excluded are reflexes because they
- are ‘wired-in’ by heredity. However, psychologists generally assess what-
people have learned on the basis of what they do. Behaviour is the only

criterion that can be observed and measured.

Bugeiski in Duminy, Dreyer and Steyn (1990:136) say that “Leérning is a
mental activity by means of which knowledge and skills, habits, attitudes and
ideas are acquired, retained and utilized resulting in the progressive

adaptation and modification of conduct and behaviour.”

Kalunger and Kalunger (1984:41) are of the opinion that learning is a process
by which knowledge, skills and values characteristics are acquired and that

learning provides the know how and the know why of doing things.
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Papalia and Olds (1988:159) maintain that learning is a relatively permanent
change in behaviour, which reflects again of knowledge, understanding or skill
achi’eved through experience, that may include study, instruction, observation
or practice. Changes in behaviour are reasonably objective and thérefore

cannot be measured.

The types of learning | ;
Researchers agree that it is possible to distinguish among the different types
of learning since learning takes place in a variety of ways. Although they may

differ, the different types of learning are related to and built upon one another.
Coppedge and Exendine (1987:106) state that “Learning refers to the
acquisition of academic information and skills and the exercise of appropriate

behaviour. Both are to be learned in the classroom”.

Meaningful learning

Ausubel, Novak and Hanesian (Tomlinson (1981:125) make a distinction
between rote learning and meaningful learning. Rote learning is learning ‘by
heart’, memorizing new material in an abitrary and superficial way. Meaningful
learning on the other side, occurs when new material is linked by the learner
to the relevant ideas and conceptual schemes he already possesses in his
existing cognitive structures. Ausubel contends that meaningful learning is
more effective than rote learning. He asserts that meaningful learning makes
the learning processes more effective by affecting it at all the three main

phases that is, acquisition, retention and retrieval.
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Learning comprises the imprinting of the material being learnt, that is,
meaningful learning is essential. This material is not only academic but may
comprise the imprinting of norms, values, moral codes, attitudes, habits and
various skills. The newly acquired knowledge may add to the knowledge
previously acquired by the learner, be it a refinement of it, a replacement of
it or may be something new altogether which has no link whatsoever with

anything previously acquired.

The individual receives information. This information is allowed to pass from
the sensory store to the short-term store, during which the individual actively
organizes it through rehearsal (Krech, Crutchfield, Livson, Wilson and
Parducci 1982:252). At this stage we say imprinting or learning occurs in
order to promote the storing or retention of the information in the long-term
store. During this more or less conscious imprinting, structural and or
chemical changes occur in the brain, affecting short-term or long-term storage
of information. This is called memory information which is normally not a
complete reproduction of the information received because of present and
future intervening factors. It is assumed that these events, which can be
investigated on a psychological level, are accompanied by certain brain
events. (Jordaan, Jordaan and Niewoudt 1975:643, 741; Hilgard 1966:100).
For the learner to be able to retain and retrieve acquired !earning two basic
forms of activities should not be neglected, that is, (a) Practice or retest, in
which the learner tries to carry out what he or she has tried to learn. (b}
Review, in which he or she goes back aver the material or process designed
to result in learning. According to Vrey (1979:221) learning is a matter of
retention or memorization of what had been learnt a long time ago without

being tested frequently, will be inefffective or easily forgotten.
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According to Van Aswegen (1979:53) learning produces relatively lasting
results. When it produces a result, the behavioural potential of the leamer
changes. The change proceeds from a state of ignorarice, inability or
incorhprehension to one which the learner knows, has the ability to do
something and comprehends - meaning that something has been grasped.
What we need to know is that capacities and tendencies correspond in
psychological items to cognitive learning and motivational learning

respectively (Tomlinson 1981:104).

Motivational learning

Motivational learning is the acquisition of preferences and the tendencies to
do things, act, react, think etc. in particular ways. Motivational learning has to
do with “learning to” acquire knowledge or mastering a skill that the activity is
designed to teach. According to Keeves (1986a:135) motivation to learnrefers
to the learner’s resolve or intention to put in some effort to perform a learning
task. In any learning situation, motivation has an important role.  The
facilitator can motivate the learners by showing some amount of interest and
enthusiasm and zeal for all the lessons he/she presents by making thelessons
interesting and by using relevant media to capture the learners attention.
Another factor that plays a role in motivational learning is facilitator leaming-
relationship Personal contact or a climate that emphasizes positive

interactions between the facilitator and learner leads to building self-esteem

in learners. Self-esteem is how one feels about oneself and one’s values.

Learners are sure to be actively involved in lessons when fully motivated and
the likelihood is that their performance will be highly rated (Schultz, Glass and
Kambholtz 1987:433; Levine 1988:23; Amudson 1991b:1-3).
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Acquisition of factual knowledge
Acquisition of knowledge has to do with people learning facts as well as their
interrelations. The essential element in the acquisition of factual knowledge
is the assimilation of unique and fortuitous data - fortuitous because, logically

speaking, they could have been different (Vrey 1979:243).

There are certain facts which contribute to the development of the learner
which every learner ought to know. For example, facts from learning areas
such as mathematics, numeracy, language skills, natural sciences and so
forth. Facts may help to promote insight, but that is not the primary reason for
imparting them to the learner. They are regarded as worth knowing for their
own sa’ke, They could come in handy as the learner continues to interact with

the world around him.

Memorization

It implies rote learning whereby the learner practices and repeats over and
over again, material that has to be learned and later reproduces what had
been practised. In most cases rote learning is not meaningful to the learner.
When a leamer has memorized something, he is able to reproduce it verbatim
(Tomlinson 1981:106). Here the emphasis is not on understanding facts, but
on memorizing particular expressions, maxims and formulae (Farrant
1984:112). Memorization helps the leamer to remember what he/she has
experienced and it forms abase for all further behaviour (De Witt and Booysen
1995:54)..

The development of automatism

This is a completely different type of learning. When the learner learns to write
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or to play chess he is engaged in yet another totally different form of learning.
In this case he is learning to execute various physical movements. One of the
characteristics of this type of learning is that, once a person has gone through
the process, and mastered it, he no longer needs to think about the actions
involved - the movement comes naturally. In the psychology of learning,
movements such as these are termed automatisms (Vrey, 1979:244), Some

of the things learned, that way are, bicycle ridingr, driving, swimming etc.

Observational learning

In observational learning a person learns from interaction with other people in
society. By watching other people, one learns new responses without first
having had the opportunity to make responses oneself. A person learn by
imitating the behaonUr of socially competent models. Specific skills can be
learnt by watching other people carry them out for example to cook, sew, play
tennis and other related skills. One can also learn a great deal more simply by
seeing and listening to others. Learning based on observation and imitation
of models is called observational learning (Hughes and Hughes 1967:112).
Observational learning is baksed on interest and attention. Young children are
ready by nature, to attend to a large variety of stimuli Piaget (Farrant
1984:108).

Association learning

In this type of learning new associations between two events are formed.
There are two basic types of associative learning, namely classical
conditioning and operant conditioning. Classical conditioning allows us to

predict the arrival of an important stimulus and that increases our ability to
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survive. Operant conditioning allows us to do something to get what we want

or need, and this is another step in adaptability (Papalia et al 1988:160).

Concept learning

This involves learning to sort objects on the basis of their similarity or
commonality and distinguishing between parts of the whole, as well as
superordinate and subordinate classes (Tomlinson 1981:117). Concept

leaming will be discussed in full later in this chapter.

Cognitive learning

Cognitive learning is the experiential acquisition of capabilities such as,
‘learning how”, that is, one is able to perform this and that, in other words one
knows how to do certain things or activities’(Faber and van Staden 1997:34).
The process of learning begins with the acquisition or grasp of what is
involved. A feature of the acquisition of knowledge is that, people learn facts
as well as their interrelations. The essential element in acquisition of factual -
knowledge is the assimilation of what has been leamed (Krech et al
1982:293). Cognitive learning is seen as an advanced mode of gathering
information about the concept around us, and the ability to be aware of one’s
experiences as they occur and being able to adapt one’s self with a view for
future experiences (De Witt 1995:49),

The learner himself does not know what has been anchored into his cognitive
structure until he tries to recall or actualize it. Jordaan et al. (1975:643-644)
illustrate this aptly when they say that learning cannot be observed directly,

but changes in behaviour may be observed. For instance, an educator might,
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discover by means of a test if his/her learners have or do not have knowledge

of a given subject.

CONCEPT FORMATION

Concept formation and cognitive development will help the educator to know

the learners’ level of intellectual development and to know how to match
media available in their schools to suit learners of a particular level of
development. The levels are as follows: concrete level, identity level,

classification level and formal level.

Concrete level

At this level a child needs to remember the name of the concept or label.
Concrete usage seems to require recalling of a set of distinctive features. In
most cases the child is often faced with physical changes in the appearance
of significant social figures (Santrock 1983:198) for example a child picks up

his/her mother from a group of other women.

Identity level

Here recognition of the thing in question may take various forms into
consideration. At the identity level, the child can recognize his mother from her
features, her voice, her smile, her caring, her complexion and so forth. The
child treats these different features as relating to the same individual, that is
his/her mother. Identity is the feeling or meaning that an individual attaches
to himself or ihe physical and social aftributes that an individual attaches to
another person (De Witt et al 1995:113).
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Classification level

At this level the capacity gained from concrete and identity level enables the
child to see two or more instances of a concept as equivalent in their being
exemplars of the same category, but without being able to describe the basis
for this classification. This is like drawing inference, the ability to relate one
eventand another, thatis notdirectly stated {(Santrock 1983:292). Forexample
the child may see that his mother is the same as Kedibone’s mother (both

have fuller bodies) but not the same as Gomolemo’s mother (she is slim).

Formal level

Here, in additional to the previous capacities, the child is able to specify and
name the defining attributes of the cohcept using some sort of symbolic or
language to narrate what he sees and observes, eg. “Mummy is tall” (Krech,
et al 1982:300).

CONCEPT LEARNING
According to Tomlinson (1981:68) there are a variety of concepts such as

physical-sensory concepts, action-functional concepts, evaluative concepts

and abstract concepts.

Physical-sensory concepts are concepts that are defined according to their
physical attributes such as loudness (can be heard), length (can be measured)
colour (can be seen), strength (can be felt) and so forth. Not all concepts have
physical | attributes, for example, action-functional concepts involve
classification and categorisation on the basis of what is being done and the
purpose linked directly to that action, or a thing or event in question (Baldwin

and Baldwin 1970:30). Thus in the case of “chopping up” one can easily



2.5

35

recognise that “chopping” is an action that can be carried out by means of a
sharp instrument such as an axe (concept) for chopping wood or a knife
(concept) for chopping vegetables and so forth. Concepts of this kind clearly
indicate that classification and categorisation is dependent on an individual
(Tomlinson 1981:68). |

Evaluative concepts vary in many subtle ways. The tendency is for therﬁ to
differentiate and discriminate on the basis of positive and negative reason of
an individual. For example, some people discriminate on the basis of like and
dislike, desires and aversions and so forth. Some concepts are abstract. They
refer to things that cannot be touched or seen, such as love, thought, grief,

power, kindness and so forth.

FACTORS THAT INFLUENCE CONCEPT LEARNING

Concept learning is highly dependent on the characteristics of the learner,

taking his age and level of development into consideration (Tomlinson
1981:105). This is confirmed by Piagetian developmental progression through

the various stages.

Older children find concept learning easier in the beginning and progress to
master increasingly complex and abstract concepts. They are able to apply
learning strategies available with age (Krech et al 1982:161). It is further
emphasized by Vygotsky (Clark-Steward, Friedman and Koch 1985:25), that

concept learning both affects and is affected by cognitive development.

Factors that have to be taken into consideration are the characteristics of the

concept. For any concept to be successfully learned one has to be aware of
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its features, the number of attributes and values that the concept has, affects
their difficulty in learning ( Spodek 1985:34). For example certain concepts
that are abstract can easil;l be conveyed by examples than by verbal definition
like in the case of grief, truth; happiness and so forth, whereas concrete:
concepts can be explained in terms of shape, size, colour, weight and many

other concrete features.

Klausmeier, Ghatala and Frayer (1974:85) add that the characteristics of
instructional procedure is yet another factor that influences concept learning.
Teaching can be effectively carried out by means of verbal or other symbolic
definition. According to Bolton (1977:117) learners find it easier to use positive

information in concept leaming than negative information.

COGNITIVE DEVELOPMENT

Cognition has to do with what a person thinks, his ideas, convictions,
understanding and knowledge (Tomlinson 1981:55). Cognitive approaches to
learning lay emphasis on changes that occur in the cognition of a person
during the learning process, as such learning is seen by cognitive
psychologists as an advanced non-automatic method. Clark-Steward et al
(1985:350) and Siegelman & Schaeffer (1991:200) believe that cognitive
development has to do with the infants interaction with his/her life world.
Cognitive development among other things includes the functions relating to
perceptual memory, intellectual development as well as linguistic development
(De Witt et al 1995:49).

PIAGETIAN VIEW OF COGNITIVE DEVELOPMENT

Cognitive development s clearly deliberated upon by Jean Piaget, the master
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and most influential psychologist of his time. According to Sovchik (1989:17)
and Berk (1991:22) Jean Piaget was the first to identify mental operations and
stages of development Which provided specific research direction for the
modern developmental psychologists. It is generally agreed by most
psychologists that cognitive development has to do with the infants interaction
with his/her world (Berk 1991:22). Piaget’s general development principles
such as equilibration, assimilation and accommodation attempts to explain
what determines what an infant does and why he/she acts in a particular way

during a particular level of cognitive development.

Piaget (Copeland 1984:405) believes that the mentat life of a child consists of
an organised system of ideas about self, other people and things in the

environ\ment and about abstract ideas. According to Piaget as the child

physically interacts with people and things within his reach, he develops a

complex understanding. This exchange or interaction with his environment is

referred to as adaptation. As the child progresses, his mental structures

become intrinsically motivated to improve his functioning at a higher level.

Piaget refers to that tendency as equilibration, that is, the motivational basis

for cognitive growth, (Meyer & Van Ede 1990:51). The child grows, develops

matures, and learns because of a genetically compelling push for equilibration
with the environment. This is conformed by Kennedy (1971:179).

- According to Piaget, some of the functions that feature in the cognitive
development of a young child are two types of adaptation complementary. In
assimilation, the child tends to take it from the external environment whatever
impinges upon him and utilizes it (Maier 1978:22). However it must be stated

that Piaget asserts that the child or infant is selective in that he tends to take
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only those aspects of environmental stimulation that he is able o handle. in
other words, the infant tends to perceive only things that make sense o him
in terms of what he already knows. If the child is confronted by a new object
or thing which does not make sense to him he tries to incorporate its features
by slightly modifying his cognitive organisation to accommodate it (Santrock
1983:44). Accommodation is the type of adaptation that complements
assimilation. It is atype of adaptation whereby existing and new schemes are
formed or the existing old ones are modified or together they are combined to

being about complex cognitive growth or organization (Krech et al 1982:293).

Itis important to note that in taking new information or insights, the infant also
accommodates himself and changes what he has grasped, to fit in with the
new knowledge. These interaction aspects of cognition have some far

reaching implications for meaningful learning and teaching.

All concepts portrayed by Piaget indicate that there is continuous mental
growth and development that helps the child to adapt to his environment. |t
might be perceived that mental growth and development would proceed
smoothly and gradually along a continuous course. It is however interesting
to note that Piagetinstead suggests four major stages in developmentand that
each stage represents a discrete and qualitative step upwards from the
preceding one. The stages are invariable in the order of their occurrence for
all children, although the ages at which they are achieved may vary
considerably fromindividual toindividual (Clark-Steward 1985:308) the stages
are:

(i) Sensory motor stage (birth to 2 years)

()  Pre-operational stage (2 to 7 years)
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(i)  Concrete operational stage (7 to 11 years)

(iv)  Formal operational level (11 year upwards)

The researcher will not deliberate on all the stages as stated above. Only two
stages will be fully discussed that is, the pre-operational stage and the
concrete operations stage The reason being that the two stages are relevant

to the topic of research.

Pre-operational stage : 2-7 years of age

During this stage most children do not utilize concepts. Their reasoning tends
to be in‘ogical or it could be said to be transductive reasoning (De Witt et al
1995:17). They reason from particular instances to par‘dcu!ar inStances. An
example of pre-conceptual thinking can be demonstrated by a young child
who sees a toy similar to the one his mother bought for him, can hardly be
blamed for insisting that he be given “his toy”. The child spends most of his
waking hours in playing. Play forms a most important part of a growing child
(Rogers & Sawyers 1990:1). it is through play that he makes sense of the
world surrounding him and is continuously establishing new realities for
himself. As the child plays he explores and discovers many things around him
and he becomes familiar with them. In that way he learns through exploration
(De Witt et al 1995:56). As the child’s cognitive functioning appears, he
develops recognition of objects as well as disillusionment of failure (De Witt
et al 1995:57). The child's verbal ability enables him to ask questions about
things in the world surrounding him and thereby establishes reality within his
scope of consciousness. He names the objects that are in his life world
thereby being able to identify and give reality to things thfough language
(Hymes 1968:84). There is however, the tendency for children to
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overgeneralise or over-regularise in their application of some grammatical
morphemes (Tomlinson 1981:203). For example once the child has the idea
of inflicting with an - “ed” suffix to product past tense the tendency is to apply
it for a while to all verbs including “eated", “drinked” and many more. When
the child reaches ages four to seven years, that period is regarded as intuitive
thought. It is a period of internalization by means of images and mental

experiences (Gelman 1978:69).

After the age of four, the child gradually develops logical thinking although his

thoughts are dominated by perceptual appearances rather than logical thinking

(De Witt et al 1995). The child is highly egocentric at this stage. This is
demonstrated by many experiments that illustrate that the child can only

| understand his experiences with referenceto himself. Some experiments have

shown that a child of five or six is still incapable of describing how a scene
would look if viewed from any angle other than his own current view. He finds

it difficult to conceive that the scene can look any different from the way it

looks to him (De Witt et al 1995:17; Phillips 1982:75). |

Egocentrism can also be illustrated by ésking the child to place wooden beads
in one of the two containers provided by the experimenter. The containers
could be a flat dish and a narrow tall glass. The child is given the glass and
the experimenter a flat dish as the child places a bead in his container the
experimenter does the same by placing a bead in the dish. If asked who has
more beads or whether they have the same? The child would probably say
thathe/she has more, because of the glass or she might say the experimenter
has more because the beads in a dish cover a wider area. In both cases her

response would be based on perception. -



41

ftis during the intuitive period that Piaget (Krech et al 1982:281) came up with
a phenomenon that he calls centering. That is, the tendency for a young child
to focus upon a particular aspect or quality of an object or situation. This is a
clear indication that a child fails to master the principle of conservation. When
concentrating on a particular characteristic of an object, let us say, its shape,
he fails to realize that other characteristics of the same object can remain
constant, despite highly visible but actually irrelevant changes in the features
that he has concentrated or centred on. For example a young child does not |
realize that a mass of clay will weigh the same whether flattened or rolled into
several balls or elongated into a roll or two rolls. A pre-operational child
believes that transformations change the amount of clay (Clark-Steward
1985:322).

Another striking characteristic of the child’s thinking during intuitive period is
his inability to classify. Piaget's classical experiment illustrates this. A five-
year old child is shown a collection of wooden beads of which ten are brown
and five are yellow. He admits that all beads are wooden but when asked
whether there are many or fewer or same number of brown beads as wooden
beads he is likely to say there are more. The same error of classification would -
apply when the child realizes that most of the flowers are daisies and fewer
are tulips but answers “‘Daisies” to the question: "Are there more flowers or
more daisies?” Piaget's explanation of this phenomenon is that when a child
is asked to consider the subclass, this destroys the larger class for him. The
child understands that classes may contain many different but similar
members but cannot get to understand that classes can be arranged one
inside the other, each being separate but related, like in the case of wooden

beads.
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Intuitive period can be summarised as a stage that is highly dominated by
egocentrism and perception as well as prone to errors of classification and the
inability to seriate. Children at this stage have not yet fully mastered the
principle of variance of conservation. However it must be borne in minds that
development does not occur to all children at the same time, some children

are able to conserve as early as six or seven years (Krech et al 1982:295).

Concrete operational stage: 7-11 years of age

Concrete operational stage is said to be the beginning of genuine thought
(Halford 1979:14) which Piaget refers to as the beginning of operations. An
operation is an internalized action, which is reversible and governed by laws

which apply to the system as a whole.

Conservation is regarded as a halimark of concrete operation (Gelyman
1978:73). A correct response to a conservation problem not only marks the
end of the operational period but also signals the beginning of concrete
operational thought (Sovchik 1989:19). The realization that quality or amount
remains invariant when nothing has been added or taken away from an object
or a collection of objects, despite changes in form or spatial arrangement
(Starkey, Spetke and Gelman 1990:102) is an indicator that the learner can
conserve (Anselmo 1987:384; Tomlinson 1981:195). |

Ingeneral, concrete operational stage is characterized by a greatly increased
ability to represent relations between elements of a task. There are quite a
number of conservations as there are perceptible quantitative attributes or
properties of objects. There is conservation of number and length both

mastered simultaneously by all children. Some chiidren are slow to catch up
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and others are fast. it must also be noted that some conservation such as that
of volume might not be acquired by some children until at a late period (Krech
et al 1982:295).

COGNITIVE FUNCTIONING OF THE YOUNG CHILD

Development of number concept

Children often come to the pré-school “knowing” how to count. They recite the
names of numbers in sequence without any understanding of the idea of the
number that corresponds to a given name or numeral (Copeland 1984:106).
That act is regarded as rote learning because that type of counting has no

significant value with the development of number concept (McEvoy 1989:107).

According to Fuson and Hall (Starkey etal 1990:98) recent research questions
this outright dismissal of the contribution of counting to the development of
number concepts. They state that during the initial number word acquisition,
the number word and meaningful counting merge and interestin powerful and
sophisticated ways. Most educators support the idea that young children need
experience that help them associate names or symbols with the number they
represent. Counting has been viewed by most educators of young children as
a basic skills that is easily accomplished and learnt mainly through nursery

rhymes and through play (McEvoy 1989:10).

Children exposed to efficient counting procedure, are likely to discover or
construct number concepts (Gelman and Gallistel 1978:204). The ability to
count develops in a hierarchical manner and through practice, counting
gradually becomes automatic and get integrated into a network to form more

complex numerical skills. Klahr and Wallace (McEvoy 1989:07) in their mode,
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Schaeffer Eggleston and Scott (1974:377) came up with the skill they refer to
an “enumeration”, that is, the ability to assign a number word label to each
object in aset. In accurafe counting, each countable object or item is paired
with one and only one sequence word. Counting number words sequentially
begins at the age of two years for some children. Most three year olds can

- produce longer correct conventional sequences up to ten (10) than some five |
year olds. Children between four and a half (4%2) and six (6) years can
produce numbers up to twenty (20) and can further produce tenths up to
hundred (100) (McEvoy 1989:197). Gelman & Gallistel (1978:210) see
counting as a cuiturally transmitted formal system that enables one to make

quantitative judgement exact.

Ginsburg and Russell (Starkey et al 1990:99) have reported a mean length of
correct production of number word sequence of children from the affluent
families and the poor families attending pre-school. Earlier than this
observation, Wang, Resnick and Boozer (1971:14) found that 13 percent of
kindergarden children from low socio-economic class did not successfully
produce number-word sequence from one tofive and that 32 percent could not
produce a sequence up to 10. Their findings could partly be due to cultural
differences and changes, and that they might have used other strategies
including gaining the children’s attention and interest which might have
contributed to better performance (Starkey et al 1990:105).

The early and spontaneous development of counting has been observed not
only in Western cultures or affluent environments but also in other cultures
where children who have not been exposed to school environments have been

tested in arithmetic tasks and the results are similar to those obtained with
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young children in Western cultures (Starkey et al 1990:99 and Posner
1982:92).

Young children can demonstrate considerable ability in situations involving
small numbers they are able to discriminate between visual arrays containing

small numbers of elements (Starkey et al 1990:34).

Pointing plays an important role in children conception of counting (Brairs and
Siegler 1984:611). They‘suggest a developmental progression in children’s
understanding of pointing. Children use a three-way one-to-one
correspondence among, a word, an entity and a point. They point to the
objects and verbalise the number word. Pointing may be a useful indicator of
the act of linking number words and objects. Children as young as three are
able to notice an error in their counting of objects such as double counts or
skipping objects to be counted (Gelman and Meck 1983:352). Howéver,
children aged two have been observed not to point when counting objects,
only later they spontaneously point to objects as they count them (Gelman et
al 1978:221). Itis only later that they come to discover that it is the derived

word-entity correspondence that is crucial to the correct count.

Relation between ordinal numbers to cardinal numbers

As children grow older they get to understand that counting has an end
product instead of just being a non-stop activity. It is when a child begins to
link counting and cardinality. Cardinality is the ability to appreciate that the
final count word indicates the number of objects or items in a set (Schaeffer
et al 1974:360; Wynn 1990:156). According to Sophian (1987:52) young

children are “triggered” to count when asked the question, “how many?”. The
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tendency is for the child to count the given objects or items and responds to
the question “how many” by repeating the last number word. This in itself is
an indicator that the child might be ready to be introduced to addition. Starkey
and Gelman (McEvoy 1989:107) claim that young children aged three to five
years were able to give simple addition and subtraction problems involving
small numbers, by using their fingers. For as long as young children
educators impress upon the child that counting is a means of qualification that
is, the ability to appreciate that the next number in the counting sequence
signifies more, a great improvement will be made toward producing young

mathematicians.

Comparing 7
One feature that stands out clearly with number systems is the idea of order.

Each numeral has a place in the overall number sequence. By comparing sets
of objects, the child is in fact developing the order of numbers. The initial step
is to compare sets of objects and later the child should be comparing numbers
themselves (McEvoy 1989:101). Each number has a property, as such; there
is no reason why the symbol five (5) is larger than the symbol two (2). Itis only
after the child has been exposed to the value of 5, through the use of concrete
objects, and the value of 2, will be able to compare and sequence the numbers
(Anseimo 1987:385). Comparison is essential to develop an understanding of

order in the real-number system (Starkey et al 1990:105).

Seriation
The child can arrange objects in serial order or according to a particular

characteristic or attribute such as mass - lightest to heaviest, temperature -

~cool to hot, length - shortest to tallest, and soon. The child fater discovers that
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quantity can be ordered. He somehow learns or sees and understands that
one sweet more than one sweet, is two sweets, one more than four, sweet is
five. The idea of adding one sweet to the number of sweets as indicated
above is sure to lead him to understand that numbers can be listed according

to particular order, such as one two three four five and so on.

According to Piaget (Pasnak, Cutcheion, Holt and Campbell 1991:7) the
process of adding one number to another in thought is an action which is
internalized in the sense that it could take ptace overtly, but actually takes

place internally.

Number conservation

Number conservation is a notion that the number of a set remains the same
or invariant even if the elements of the set are rearranged. To determine if the
child can conserve number, the researcher could place a number of similar
objects; let say marbles or beans about eight (8) of them on the table in a row.
The child could be asked to make the second row in one-to-one arrangement.
The number should not be less than eight (8), so that the idea of number
remains on the child’s mind. If the number is less the child is likely to use
perceptual clues to respond to questions that might be asked by the
researcher because he is strongly influenced by perceptual appearances
(Krech et al 1982:296). If the child fails to arrange the objects to make a one-
to-one correspondence, that is an indicator that he is not ready to conserve,
because conservation is based on knowledge of equality, that is aone-to-one

correspondence.
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Another example of one-to-one correspondence was firstlooked into by Piaget
{Frydman and Bryant 1988:324). He concentrated more on spatial tasks. He
presented children with six bottles arranged in a row and the same number of
glasses. Children are to build a row of glasses to correspond with the six
bottles. What he observed was that children tended to match the two rows on
the basis of length regardless of number. Later as they continue to work on the
one-to-one correspondence they are able to match the rows in numbers, but
become confused and misled by spatial transformation if one of the rows is
spread out or squeezed. Whenever this happens they conclude that the rows
do not have the same number ofitems any more. As they progress in age they
become aware that change in the perceptual appearance of rows has no
significant bearing on their actual number. Piaget reckons that this at stage is
the only one which reflects an understanding of one-to-one correspondence.
Piaget is seconded by Greeno {Starkey et al k1 §90:100) that one-to-one

correspondence is a basic component of all existing counting procedures.

Tofind out ahd confirm that the child can conserve, questions such as, “Do the
rows have the same number or are there more in one of the rows?” “Why do
you think s0?” If the child is able to conserve then he is likely to justify his
response by giving a logic reason such as, “You did not take aWay or add
any”. Reversibility helps to lift the child from the realm 