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ABSTRACT

This project is concerned with a multimedia package which
incorporates comics, video and pupil workbooks. Ths intention
was to determine the effectivenass of the package on the
conceptual change of pre-service teachers, using an empirical
research meathod and descriptivs analysis of results. lLogistical
conatraints experienced at colleges of education and schools lead
to an altsrnative svaluation of the package with D.E.T. college
lacturers at RADMASTE workshop. Results indicated that, if
preperly administered, ths multimedia package can asaist users
in identiftying and changing their interfering preconceptions and
risconceptions while they are enjoying the story.
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‘GLOSSARY OF TERMS AMD ABBREVIATIONS

Teraincliogy

i. Comic - A magazine containing an amusing story

2. Conceptual change - Changing of originally held ideas on a
clasr of things.

3. Constructivistic approack - Tne approach which saees
knowledge as being constructed by the child while the chilad
is develcping, and is against the idea of viewing a child
as a "blank slate®

4. Control group -~ A group or sample which is Xept for later
reference. This group is allowed to proceed with its normal
aceivities without interference by the researcher

5. Diagnostic test ~ A test which is introduced to discover the
cause or basls of problems exparienced by pupils

6. Experimental coroup - B grop or sanple used by the
reaearcher for experimenting

7. Geometrical Optics - The branch of science concerned with
vision, sight and light applying tha principles of geometry

8. In-gervice teacher ~ Teachers who are currently in the
teaching field

9, Intervention - Action which has an effect in a particular
situation

10. Intuitive ldeas - Feelings or ideas for something to exist
or appear in a particular way without evidance, proof or
explanation

1. Key concepfs - Main ideas or principles which relate to a
particular view in a section of study

12. ¥Misconceptions - Wrong I1deas which are commonly not
consistent with experimental truth but are mostly stable and
organized in individual’s thinking

13, Opinionnaire -~ Questionnaire which is mainly aimed at
gathering the respondents opinions with regard to a specific
issue

14. Pilot materials -~ Materials produced for testing whether

the initiel part of a study will ba successful, before it
is carriedc out on a larger scale
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Post-test - Tast which normally occurs after intervention

i5.

in order to sae the rols played by intervention in a
‘particular situation

16. Pre-~conception - The concepts or ideas that develop in the
child informally before he or sha receives formal education

17. Pre-service teacher - Student tcachers who are still reing
trained at a college

18. Pro~test - Test which is conducted before the aangle could
be tampered with or influenced _

19. Questionnaire - A written list of questions ¢~ be answared
by a number of people to provide information for a report
or survay '

20, Rectilinear prupagation of light ~ The principle which

' indicaten that light travels along straight lines.

21. Retlection of liyht - The process of bounclng light off an
interface inatead of allowing it to pass through one or
more media

22. Refraétion of light ~ Banding of light rays at a particular
point batwesen wadla of d4djfferent optical deasitias
{(refractive indices) - : L '

Abbreviations

1. ANC African National Congress

2. L ¥irst Language

3, ‘L2 Second Language

4. L3 Third language

5. MMP Hultimedia Package

6, NGOs Non-Governmental Organisatiorn-

7. PSP Primary Science Programne

8. PTD Primary Teachers Diplcma

9. RADMASTE Research and development in mathematice, science

and technology education

10, SACP South African Communist Party

11. SADTU South African Democratic Teachers Union

12. SPTD Senior Primary Teachers Diploma

13. SRC sStudent Representative Council

14. STD Secondary Teachars Dipiona

15. STS Science Technology and Soclety



CHAPTER 1

ORIENTATIVE INTRODUCTION

i.1 INTRODUCTION

This study emanates from the development of a pilot nultisedia
package (MMP) for higher primary science. The project wa2s
initiated by the Handspring Trust for Puppetry in FEducation, a
nongovermmental organisation (NGD) whose primary aim is .to
develop material which assiste in the procese of upgrading .
primary school science teaching and learning. This project deals
with, inter alia, preconceptions and problem-solvi.g strata.giaul

in primary scienza.

The package was preduced in 1992 in collaboration wiih sone
individual experts and organizations {e.qg. story writing and film
companises) with the Handaspring Company playing a major role.
Science consulting was done by Marissa Rollnick of the Chemistry
Depa_rtment of the University of the Witwaterasrand (WIT3), {(who
is involved in science education research) and Michael Kahn, an
independent evaluator and educaticn policy unit analyst at the
Centre for Education Policy Department (CEPD}, in Johannesburg.
Implementation and teacher training is organised through Cynthia
Dunbrill of the Primary Science Programme (PSP), also an NGO

involved in primary school teacher in-service training.

The programme is hased on current research findings, (e.g.

Bruner, 1975; Magoon, 1977; Driver & Erickson, 1983; ¥Pope &
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Gilbert, 1983; William, Murray & Poole, 1992; Osborne, Blask,
Smith & Maadows, 1993) into how children learn science through
the constructivist approsch. This approacn sees knowledge as
"constructed in the mind of the learner® (Bodner 1386:.). This
imp. e that lezrners will have their own ideas about cextain
concepts based onvtﬁeir previous experience. According to the
ccnstructivigt approzch the teaching of science should be more
than "prescriptive telling® of the "“true ! .ovliedge" to the

learnars.

In Saptember 1992 two researchers, Helepe Percld and Wary Ann
Sahr (Jones, Perold, Bahr & Rollnick, 1992) evaluated the MMP
pilot materials for higher primary school science pupils. Their
findings established that these materials bad an impact on the
affective domain (cf .Bli:bm‘ 8 taxonomy) of children: Children aiso
identified strongly with the video characters. These characters
wera also perceivad'by_teachers as good role models, since thay

*think for thewmgelves®.

The evaluators also indicated that the level of English,w;s
accesaible Lo puplis despite : pace and clarity of delivgry
being occasionally unclear. Although thera was a corcern that the
scientific message could be obucured by the entertaining story,
it waﬁ found that children indicatad clearly that the film was
about mcience, specifically about light. Though the materials
were not expected to bring about conceptual changes by

themselves, the foli:wing was observed:



1.1.1 Approximately one third of children modified their
misconceptions after seeing the vidﬁo.

1.1.2 Some children volunteered additional information
implying that they had extended their thinking
conzi. ‘ably.

1.1.3 After watching tue video, twice as many children were
able t7 solve the mirror problem (i.e. to indicate how

to use mirrors to reflect lighrt around a ~orner).

Tt » package iz directed mainly at disadvantaged pupils (mostly
blacks). The main ajiwms of tha packayse are to stimulats the
development of scientific literacy and promote tha development
of thinking skills and problem—~solving strategies, and to address

children’s fundamental misconceptions in science.

In this study the researcher has started by esatabl.<hing what
specific ideas primary school children {pupils) and pve-service
teachers have developed about the nature and behaviour of 1i. t,
and what prior expericices might have led them to have these
views. This was done bv administering gquestionnaires, accompanied
by some diagnoatic test guestions developed by the 'Hand Spring?’
researchers. The researcher wishes to ses whether it is possible
to encourage pupils and pre-gervice teachers to change their
prior ideas so as to develop a2 more “scientific’ underatanding

of light concepts.

Th~ pilot package is made up of several media:
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1. a video drama showiny some key concepts in light, such as

raflection and rectilinear propagation. This video drama

plays for 26 minutes.

2. the same story printed in a ccmic of 36 pages.

2. 2 15 page set of pupil activities which have been d=ssigned

.o encourage the active sxploration of the s:lentific

concepts introduced in the story, and

4. the sane story broadcast ovar radio. (This medium was not

roady for testing in 1992 and will not be involved in this

study)

1.2 THE AINS OF THIE STUDY ARE:

1.2.1.

l.2.2.

1.2.3.

To identify both preconceptions and misconceptions of
primary schoel pupils and pre-service teachers

concerning light.

To remediate misconceptions of pre~service teachers by
teaching them relevant and correct scientific concepts

about light.

To study the use of the media by pre-service teachars
in primary schools, and tn investigate the affect ths
media has on the conceptual change of pre~saervice

teachers.
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1.7 4. To train pre-service teachars to use the multi-pedia

package in a reflective manner.

1.3 PARTICIPANTS IN THE BTUDY

1.3.1 The involvemant of teachers

The researcher wanted to see different teachers, with different
approachas to teaching, involved in the study. A uniforzm style
of presentation in all classrooms or schools could not have been
possible and was not even desirable. Teachers were encouragad to
implement the material in existing classrooms in a way that both
thay and the pupils would feel as corfortable with the work as
thay would with any other normal classroom experience. Afterwards
teachers were to see to what extent this media had increased or
decraeszed their scientific understanding of the relevant
concepts. This would be done by analysing:

1. The attitudes teachers have on the MMP,

2. The appreoach used by teachers implementing the MMP,

3. How the taachers would behave during the implementation

process.

1.3.2 invoelvanent of pupi ls and studants.

Primary school pupils and Senior Primary Teachers Diploma (SPTD)
students were involved in the first session of identifying their
ideas concerning the concept of light. A large component of the
work was classroom based, and all the particir “ing pupils and
pre~service teachers were involved as far as possible. T~

facilitate more detailed discussion of their thinking during the
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activities, several guestions wére asked (by the researcher) and

the responses noted down (excapt wnere thera was rnpmtition).'

1.3.3 Involvement of in-service tsachers.

It was not primerily the a.. of the researcher to involvs in-
service teachars in the project since this had already been done
before (Bahr & Percold, 1992; Bahr & Perolid, 1993). But since they
were readily available and very interested in the material the
researcher requested them toc assist in the distributior of
pamphlets and in writiﬁg pupils’ respoﬁsas tu gquestions asked by
the rasearcher. Some of the responses resulted fron informal
interviews of the pupils by both the researcher and the teachers.
As the word "ray" does not exist in the vernacular, pupils were
requested to explain how light moves from one point to another
uging arrows. All responses were written bhehind each pupiis’

work~shaet forlngsy analysiz by the researcher.
1.4 PHASES OF "HE RESEARCH PROJECY

The resoarch process was divided into three phases, viz:

Pre-test, Intervention and Post~test.,
1.4.1 Pra-test

This was wainly based on the establishment of ideas of both pre-
sarvice teachers and pupils and familiarization of pre-service

teacherse with the material they were going to uee. This occurred
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in the first stage and was seen to be important since a different
mathod of teaching was expected by pre-service teachers as

compared to the comwonly kncwn "transmission method®. The

researchar intended not to dictate to pre-service teacherq(aﬁ_f

specific method of teaching, while on the other hand wished to
encourage ﬁhep,to do away with the prescriptive telling of facts
as a teaching method., This approach intended to make pre~service
tesachers incorporate constructiviast teaching technigues into
their individual style of teaching, instead of the usual

fr&diﬁianal teaching technijues imposed on them (teachers).

During the prc-tcat-;tage the researchsr collected pupils’ and
teachers’ ideay :*-vaptgra of different drawings, and in soma

cases using un.‘ '-ﬁhesa techniques were as follows:

1.4.1.1 Usiag poit-;_éu.. R

Pupils and teachars wire'pxawidnd with posters showing, for
exanmple, video animation, a miriror and board, a torch, and a boy
or girl loocking at a trea, and were then asited to draw how light
halps the girl %o see the tree, or herself, in the mirror etc.
(see Appendix C). Thersafter each pupil or teacher was raquested
to explain in his/her own words what the pictura meant, i.e.
where doues the light come from, and where it has go..e to,in order
that the boy or girl can see the tree, or him/herself in the

mnirror.

1.4.1.2 Structursd writing and drawing.

As explained in 1.4.1.1. above, copies of posters were supplied
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to hoth pre~service teachers and pupils, during the time of data
collection. The respondents were then asked to draw arrows
indicatihq how light ¢ould aid vision. The respondents were asked
to give further explanations of their diagran3. Each explanation
was written behind each copy of the poster provided. Pupils’
explanations were either written by the researcher or their in-
service teachers in order to save time and avoid illegible
writing. The written work produced was informative since it
displayed more of the respondents’ ideas, and some inferences and

conclusions ware made from it.

The completion of drawinés on the posters gave the researcher and
the assisting teachers s opportunity to talk to individual
pupils and build up a picﬁﬁfﬁ of their individual underatanding.
An open-ended guestioning style was used. Respecting what the
pupils said, and listening to their responses carefully, played
an important role in clarifying the meaning of what they wanted

to say.

Any idea wams taken as 1t came, without clear opposition,
rajection or acceptance. This, in a way, made pupils gain
confidence in responding to questions and participating freely

without fearing to give "wrong answers".
1.4.2 Intervention

Puring the intervention the pre-service teachers were encouraged

to make the ideaa presented to pupils real, concrete and

i
W
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tanqihlﬁL Where posaible, real material was to be used. Thay were
also mada aware that thase deas and experiances neaeded to be
presanted in a way that would allow pupils to f=zei a connection
to them. Presenting information, ideas or activities in isolation
should be avoided. These were done as'attempts to :

{(a) Encourage children to test their ideas (conceptual change,
Hewson & Hawuﬁn; 1987). Here it is assumed that if pupils
are provided with an opportunity tc test their ideae, then
therc is a possibllity of them finding some of their ideas
dissatisfyinﬁ. This will encourage them to develop their
thinking in a much more scientifically accepted/inclined
tashion,

(b) Encourage children to increase their scientific vocabulary
through different activities (/science is fun’)i

(¢} Testing the “scientifically correct® idea alongside theilr
previously hald notion{s) (Driéor, 1870; Hewson 1982;

Driver et al. 1985).

Teachars were encouraged to give pupils some activities which
invoived problen solving. To complete the acti#ity, a scientific
idea had tc be applied correctly, thus challenging the pupils’
notiocn(s). This confrontation was aimed at helping the child to

develop more scient .fically acceptable concepts. -
1.5 IHPLICATIONS OF THE RESRARCE

The study is aimed at improving both primary school science

teachers’ and pupils’ interactions and their active involvement
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in their classroom activities. It is the researcher’s conviction
that, aa both teachers and pupils are actively participating in
lessone, thelir attitudes and approach towards scientific concepts
will change, and be developed towards an improved wa' of tackling
ecientific problems. 'The culture of indepth oriticism and
analysis of natural situations ﬁil;\ba cultivated, and hence a
batter teaching and learning of .sciance will be envisaged
ultimately.

1.6 STRUCTURR OF RESEARCH REPORT

1. Chapter 1 discussed introduction to research report, aims
of the study, participants in the study anc nhases of
ragsarch project.

2. Chaptar 2 raviews the litarature on the importﬁnce of
primary school sclence teachers, the incorporation of
story-telling in science teaching and promotion of fun in
science lessons. _

3, Chapter 3 explains the research methodology. :

4, Chapter 4 gives results and discussions of diagnostic teé&s
conducted with primary school pupils, pre-service teachers
and in-service teachera.

5. Chapter % discusses a survey conducted with the D.E.T.
college lecturere at RADMASTE centrae in January 1994,

6. Gives a summary of the research findings, implications and

racommendations.
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CHAPTER 2

BACKGROUND AND LITERATURE REVIEW

2.1 IMPORTAMCR OF PRIMARY SCHOOL TEACHERS

Primary school teachers are responsible for 1laying a good
foundation for the whole education process as the Ilsarner
progresses towards adulthood. As such it is expected that these
teachars should be very well gualified to carry out this task
properly. According to the literature, primary school scienca
teachers are doing a capable job elsewhere (Stefanich & Kelsey,
1989), in spite of an ’inadequate’ science background.
Unfortunataly, this is the opposite in most South African
schools, particularly Afrizan schools. Jones et al. (1992) report
that a high number of African teachers are undergualified and

rote learning is still a major problenm.

Mphahlele and Kahn (1993:157) indicate that according to the
National Party’s educational policy "the means of science
knovledge were to be solely in the hands of Apartheid ldeologues.
The majority of people (Blacks) were and are still excluded from
the pursuit of science. Access to both resources and knowledge

are limited to the minoritym,

According to Kahn (1993:7) the Bantu Education Act of 1953

resulted in a "failure to maintain gquality African education
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institutions whera some education opportunity for the future
elita corps could be provided. One of the set of theze decisicns
is the present poor state of science and mathematics aducation
and lack of skilled Africen personnel®, He {16-17) further
indicates that "..... very few PTD students take physical science
as the  major sublect whilst at college. This is well
iljustrated by the situaéion at schools managed by DEC:R
(Departmert of Education and Culture: louse of Represantatives
(Colonrog!s) }. In the system mnmost so-called primary science
teachers heave had almost no teacher education in physical science
sinoes it is no: offered as & college subject beyond first year.
Consequentiy they struggle with the subject, contributing very
little to the aventual production of a few matriculants in
physical acience.” |
The imsue of poor qualification of science teachers is almo
pointed out by Joubert, Joyce and Cloete (1992:5) when talking
ahout South Africa beyond 2000, They say “The creation of a
haalthy, well developed fead-stock into our schools, universities
and technikons is almost sine~-qua-non. There is an eternal outcry
about South Africa’s seventeen departments of education,
unqualiried teachers, poor teacher salaries, inappropriate
syllabi, .. .."

. |
To uolva"héma of these problems 2 new powerful science
educational programme which includes several strategies that will
address both teachers’ and pupils’ reeds, has to be developed
(Akindehin, 1%88; Jones et al., 1992). 35uch programmes could

affect changes or improvement to teachers’ attitudes and
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conceptions they have about science (in this case light). Tha
literature reports that teachers with negative attitudas towards
science are more traditional in their teaching sastyle, more
closed-minded and generally more resistant to curriculum change
{Stefanich & Kelsey, 19389; 2kindehin, 1988). Lucas and Dooley
(1982} found that the methodology (didactics) course affected
student teachers’ attitudes towards science teaching. This means
that student teachers should be exposed fo methods which can
affect their attitudes towards science in a positive way. Hewson
and Hawson {1987) indicate that for one to change the students’
original concepts, the new concept radvertised needs to be
intelligible, plausible and fruitful to atudentg; otherwise
students will not see any value in changing their original

concnpﬁs_for the new cnes,
2.2 INCORPORATING STORY-TELLING IN SCIENCE TERINING

A way of changing students’ or pupils’ conceptions is by
introducing story telling in the process of teaching. Story
telling is also acknowledged to have the power to direct and
change pupils’ lives (Carter, 1993). She indicates that the study
of narrative has now become a positive source of insight for all
branches of the human and natural sciances. Carter’s view of
story telling in teacuiing is supported by Bulman (1980) in her
studies of problems encountered by second language English
speaking pupils when they had difficul*ies in expressing their
scientific ideas in English. Bulman expresses the feeling that

much writing in science does not encourage pupils to start or
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continue reading. She views science content as being written in
an impersonal style with faw human, social or emctional tones,

thus making science appear ‘extraordinarily’ dull.

The centrality of story in teachers’ knowledge is understood by
the effort to see the story as a natural and common mode of
thinking. Elbaz (1991: 3) argues: ’story is the very stuff of
teaching, ths 1andscape?within which we live as teachers and
ressarchers, and within which the work of teachers can be seen
as making sel)se. This is not merely a ciaim about aesthetic or
emotional sense of £it of the nction of story with our intuitive
understanding of teaching, but an epistamological claim that
teachers’ knowledge in its own terms is ordered by story and can

- bs understoced in this way’.

2.3 PROMOTION OF FUN XN BCIENCE rESSOoMsg

Carter’s (1993) and Elbaz’s (1991) views are shared by Williams
at al. (3199z); they brought drama into the science curriculum,
alming to produce a resource by which drama could be used as an
ald for explaining difficult concepts either alonyside
traditional methods (e.g. experiment and exposition), or as a
substitute for them. Implicit in this was the wish to develop 2
resource wh.ch would promote a sense of fun, as well as
encouraging young people to learn science. They argue that
creativity and drama have an important rocle in the motivation,
stimulation and effective learning of science by pupils,
regardless of ability, in learning. They emphasise that drama,

as one of the creativities in the classroom, is just a small
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portion coversd, and that much can still be done to improve tha
classroon situation towards a more scientifically conducive
learning situation. They sss drama in the scienc« curriculum as v
a subject which is currently drawing considarable attention. sm
teachera and educationalists cse it as prograssive, \_mhe oth.rs
see it as irrelevant to the learning of science. Rowaver n;n'y
pupils enjoy drama, and for some lessons it represents an
opportunity for thea to express thmselvcs‘;without having to use
_Ih _ht"iif + the literature discussed above is in line with the D{HI',-

__ whieh lm ‘at improving genéral science teadhers and ancd’ura,q..

_ tm to h#\ molis accommodating towards curriculum change.
Furthermors, it incorporates story-telling in science teaching
and has a potential of promeotion of fun in science education by
including drama in -cia;me curriculum. The successes and
limitations of the MMP are described in the two - t-ori'.hr:oninq"
dhaptera. i
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 _rt in Figure 3.1). The colleges are Mokopane and
Tﬁ.ir Potgiottrufk; and Pietersburg respectively.
T {

:,ﬁgﬂhiﬁh design involves sxperimental-control groups which
;ouﬁiitt'ot pra-test, intervention phase and post-test. Mokopa.e
ccllage and the thres nearby primery schools were considared as
the experimental _grrp; whersas Kvwena-Moloto and  the

o¢ rasponding nearby primary schools were the control group.



Yigure 3.1 Flow~chart of research methcdoloqy
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3.1,1 Yeachers

3.1.1.1.

3.1.1.2.

3'1.1.3.

Both groups of pre-service teachers waere given the
game pre-test in the <form of a questionnaire
containing some diagnostic teat questions about light,
as well as a further diagnostic test (see later under
instruxents). )

During the intervention phass both groups recelved
instruction on the t:opic, light. The control group was
taught without tha use of the MKMP, whereas the
experimental group was taught using the MMP,

Both groups wers supposed to recelve the same post-
test, which is a rapetition ot.ths gsame instruments

used for the pre-test.

e 95 mtl‘

3.1.2.1.

3.1.2.2.

:;-1-2.3«

Tha dlagnostic test guestions only were administered
{by the researcher) to pupils, so that pupils 4id net
face the problen of understarding the questionnaire.

The intervention stage was supposed to have been
carried out by the pre-service teachers during their
practice teaching. The control group was to taach
without the aid of MMP whiie the eaxperimental group
was to teach using MMP.

The port-tast waﬁld'than e the same and was to be
administered in lboth éasas by the pre-servica

teachers.
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3.2 DATA AMALYSIS

A dascriptive analysis was to be carried ocut i.e. the means and

standard deviations obtained from the results would be used to

compare the groups and general inferences would be mada from
these comparisons, The data analysis was to ke handled in this
way because @

- The pre-sarvice teachers and pupils who were to be
involved in this study wers from different
schools/inatitutirns and they had different abilities.

~=  There vwould not be a suitable method to control the
pre-ssrvice teachers’ achool allocation.

- The sample of this study was small.

3.3 DROIGNING A SHORT QUBSTIONNAIRE

Children’s ideas in science, a2nd associated preconcepts, which
normally affect their understanding of the scientific meaning of
words or concepts must be taken into consideration. It is
belisved that, even in the case of *light", there wili be
intuitive ideas affecting the understanding of the concepts.
Hence, the questionnaire is designed for identifying any
intuitive ideas or preconceptions teachers and pupils have about
light (Driver, Guesney & Tiberghien; 1985). Research has also
indicated that both pre-service and in-service teachers have
misconceptions about science concepts (Bradley, Gerrans & Mathee,

1989; Ogude, 1991; Staefanich & Kelsey, 1983%).
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3.3.1 Instrunents

3.3.1.1 Quastionnaire .

The questions used in the guestionnaire have been adapted froa
the vork of Galili, Bendal and Goldberg (1993). The format of the
questionnaire is multiple~choice and includes confidence
questions. Thir is because by using a multiple-choice test alone,
there is no guarantee that students answering correctly have the
gsame conception in mind as the experimenter (Clement, Brown &
Zietsman; 1989). Theratfore multiple~choice questions are
supplemsnted by some further enquiries, 1like the confidence
guesticns, which are included immediately after each guestion,
and the diagnostic test guestions (see Appendix C).

3,3.1.2 The diagnoetic tast

Tha diagnostic test is taken from the Handapring Trust for

Puppatry in Education (PSP, 1992) research materiuls. This test

vas Flrst used in the development of a pilot MMP for higher

primary scienc: and was administered to both pre-service

teachers and prnil= to dstect whether pre-service teachers have

the same alternative conceptions held by pupils or not. The

diagnostic test differs from the questionnaire (described ahove)

in the following ways:

e The questions in the diagnostic test are not multiple-
choice; instead they are open-ended.

b. The respondents are aexpacted to participate in the
activities and raflect their own views/ideas by drawing tl e

light rays.
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c. The test desaign enables the researchar tc interview the
respondents while ha is in the process of administering the

test (see Appendix C). )

The diagnostic test was seen as the most effective way that could
be used to identify the ideas of the respondents (pupile in
particular), because it hag asaisted in eliminating problems ti'gat
could bs encountered by the pup_ils in understanding i:ht
- instructions and written language, if they were requested to
complets the queationnaire,

This chapter attempts to lay out a structured investigation of
boti: the pre~service science teachers’ and pupils’ understanding
of light and to explore the effacts of intervention stratsgies
in the proceass of implementation of MMP. The results and data
obtained from the implementation of the investigation(study) will
be discnssed in the next chapter.
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Chapter 4

PRE-TEST

4.1 EXPERINENTAL GROUP

4.2.1 Descoription of Mahwelarang Area

As has already been indicated in chapter, six primary achools and
two colleges of education were visited. The research project was
conducted in two different areas. One of the areas is
Mahwelereng, 4km from Potglietersrus. Mahwelsersng is a small
African township. Many people from Mahwelereng are Ndebele
speaking, but they commonly speak Northern Sotho, as it is the
lanquage which is generally used in most public areas in Lebowa,
including schools, churches, government offices, etc. Therefore
avery Ndebele of this area knows N.Sotho very well and it is
their second language. As such, English and Afrikaans are third
and fourth languages to them.

The researcher chose three schools in the area, i.e. Maakanaleka,
Raphela and Nonchimudi Higher Primary achools. These schools were
chosen because they either had electricity in their vicinity, or
had access to electricity in one way or another. Thus it was
possible for the researcher to show pupiis a video. Rccording to
thaeir teachers, some of the children from Raphela and Nonchimudi
are from the nearby villages, such as Moshate {(meaning chief’s
Kraal) and Ga-Madiba. These villages are also a bit advanced
relative to the standards of living of the nearby Mahwelereng

township, where only about 45% of families have television. Some
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families with television do not have electricity, but depend on
their car batteries or generators. These families only viaw
television during specific programmes, especially the avening
newsg, and the drama broadcast in the vernacular. Those who have
television sets, normally watch them with their nelghbours who
don’t possess this equipment. The children who stay next to
shopping areas sometimes watch television at nearby stores. In
general, pupils have some access to television, though this might
depend oh several variables. Their access to television cannot

be conpared with that of the chiidren in the PWV areas.

The three schools in Mahwelereng are basically similar since they
are all in the same locality and serve the same community and,

above all, are subjacted to similar physical conditions.
4.1.2 Diagnoatic test at Nahwslereng Schools

The researchesr was given a chance to administer the diagnostic
test questions to Std 5 General Science pupils at Raphela primary
school, fhough the targeted class was Std 4. The researcher only
reaiised during tha +testing process with the pupils’
identification information on their test papers that they were

doing Std 5, but derided to continue with the testing process.

During the testing process at the three schools, the pupils were
supplied with pictures of different drawings and then raguested
to explain what they saw on the picture. Several probing

gquestions about light were asked. Many pupils could not respond
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in English and thay alsc had some difficulty in understanding
what was really asked. The researcher saw the usage of vernacular

sometimes mixed with English as an alternative,

The pupils felt more comfortable and participated more when
questiono were asked in the vernacular. This has generally been
the case in all three schools. When their teachers were asked
what medium of instruction they were using, they responded by
saying that English was the medium. However, pupils are still
having seriocus problems with it. [It should be noted that the
teaching of these children at lower standards starts with the
varnacular and the use of English as the wmedium of instruction

is only introduced at Std 3 lavel}.
4.1.3 Collage at Mahwelureng

This college, Mokopane, is one of the oldest colleges in Lebowa.
The college has four laboratories i.e. chemistry, physics, botany
and zoology laboratories. The laboratory equipment is supplied
by the Lebowa Education Department. Thoase responsible for the
ordering of this equipment do not work in co-operation with the
lecturing staff and, zs such, the limited equipment available is
of little use for the college sylliabus. The college ayllabus has
just been upgraded so that first and second yvear students learn
more about Science Technology and Society (STS), whicu has been
introduced to the colleges through recommendations which resulted
from research work done at Wits. Some [irst year university work

is introduced to the secon.i year and third year college syllabus.
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There is little or no squipment which caters for these syllabi.

The college students are from different high schools. Most of
them did not achieve the requirements for university or technikon
entrance. Still, the admigsion for science students requires tham
*0 have passed t. 2 national senior certificate (STD 10) in both
mathemutics and physical science. This criterion, coupled with
the clasa boycotts and disruptions, caused the number of the
physical science students aJdmitted to be very low. Out of the
whole college student roll of 1500 only 90 are doing physical
sclence, i.e. an average of 15 students per physical acience
class where STD and PTD have courses 1 ‘up to 3 and at least four
classes per course; each course offering one physical science

clags.

4.1.4 Testing of Mokopans teachers

This ressarch was carried out in 19%2, under the stressful
conditions of South Africa undergoing transitional changses.
Struggles werce experienced all over. Mokopane college had class
disruptions since the death of ihris i‘lani (One of executive
musmbers of the ANC-SACP alliance) arounsﬁ the Easter hollidays in
April until they closed for the June holidays. No singles test was
written since the beginning of the year until they re-opened on
27 July. They only started writing their first test after re-
opening for the second quarter. A week later, before tests were
completed, members of South African Democratic Teachers Union

(SADTU) went coa strike. Hence the remaining wests were not
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writtan. Thizs was the exact time ¢ ranged for the completion of
the quesgionnaire and administering the diagnostic tests. Since
other pre-service teachere realised that their teats were not
ready, they simply dimhppaared_ and the resaarchar managed to
organise only ejght students out of thirteen.

The testing process occurred in the phyﬁ +s laboratory. It
started with explanations of the whcie process by the researcher
and continued with pre-service teachers answering the
guestionnaire. Then, the same procedure used to test pupils, wes
followed with teachera. Teachers were probed with several
gquestions, but the activities like "hiding someone behind the
door®, weras not carried out since the resear~her felt that they
would not be suitable for teachers at their age. In other words,
the resesarcher tried to avoid activitiea which, by his own

discretion, he falt would only be suitable for young pupils.

The pre-service teachers responded quietly. According to the
bepartment of Natural Sciences this group of teacheys has the
poorest performance as compared to the previous grovos. *I’h:i@ was
also confirmed by their class teacher, who i a guidance
lecturer. Later, after the diagnostic teast, the ressarcher
briefed teachers on matters whez;e they would ke -ssisting him in
the implementation of the proj 1 about the stages which
would follow thereafter. The reseuw- ..r realised that though the
grouo seemed to be too quiet, thera was some senmse of co-
operation. When asked as to who would volunteer in the

implementation of MMP at primary schools under the supervision
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and evaluation of the researcher, all teachers raised their ha;ids
indicating t. 4t they were interested. When asked whether they had
any questions to ask or any comments to make, they all guietly
shook their heads, indicating they had none. After some
persistence by tne researcher one student said that perhaps more
gquestions might be asked during the intervention stage. The whole

process took three and half hours.
4.2 CONTROL GROUP

As mentionad above the control group consisted of one college of
education (Kwana-Moloto) and three nearby primary schools (i.e.
Tautsumetsa, Samuel Thema and C.M. Sehlapelo). Thess instituticns
are located in Ses ego (an African/Black township), which“ ia
locatad about 10km from Pletersburg. The language spoken by
almost everybody in this townsnlp is Northern Sotho.

4.2.1 College :xt Seshago

Kwena-Moloto is a ralatively ¢ld college of education established
in the middle 1970s8. It has some biology and physical science
laboratories. The shortage of physical science students is also
experienced at this college. Only six science students had
enrolled for the PTD 2 by 1993. This might be attributed to
several factors:
i Lack of better-qualified mclence teachers at secondary
schools to produce more students with good results in

science for tertiary education enrclment.
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ii The teachers’ strikes expericaced throughout the country.
iii Strict measures taxen when admitting physicai =science

students at colleyes.

4.2.2 bescription of Seshego Arer

Whe . comparing Mahwelersng and Seshego, the latter lonks bettaer
developed with a few more educational advantages. Sashago.is near
Pietersburg, which has a mora highly developed infra-structure
- and facili#ies than Potgidtarsrua:.ﬂoth Pietersburg and Seshego
are about 5§kn from the University of The North. 3ome people in
the area attind this university and scme are even employed thare.
Many people in Seshego own television sets., From the first
encounter with some children (at Tsutsumetsa) the rééearcher wvas
imprasséq to find pupils not hesitant to answer questions in
English. Most of the pupils’ English was found to be good,

particularly at this school.

It is not clear whether these children’s parenté give them extra
language lessons or if it is simply due to thelr exposure to the
language through the electronic media, such ae the radio and
televigion. Some pupils attend the ocomputer aided learning

sessions at Kwena-Moloto collage.

In gensral, the schocls at Seshago are ordinary township
government schools with large classes. Teachers are n&t always

able te¢ move freely between desks while teaching. Eve:. though
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tteare are a few variables which could contribute to the
ditfference of pupils and students, one can still view the Seshego

and Mahwelereng groups as fairly similar.

4.2.3 Diagnostic t«it at Seshago schools

The three primary schuols were visited one after the other and
diagnostic tests 1 ~re administered in the same way as it was done
in the expevimental groups in Mahwelereng Schoola. Where the
pupils struggled with English, the researcher always encouragad

them to speak in the vernacular. They were also made aware that

._it was their thoughts which were particularly of interest tc the

rasearcher, to couwpare them with those of the experimental group.
4.2.4 Testing ¢f Kwana-Noloto teachers

Unfortunately, it never became possible for the researcher to get
hold of the pre-service tsachers from Kwena-Holoto, due to the
national strike by teachers. Some plans wvere made to meet these
studewt.taachers while thay were at their practice teaching
schools, but unfortunately .uis did not materialise. The pre-
sarvice teachers were consulted individually and were requested
to asgemble at the college for a briefing by the researcher. This
would also serve as a rhanco to administer the diagnostic tests
and questionnaire to them; but only one teacher turned up with
several excusas that she had to go to town, while some were at

a SRC meeting and she didn’t know where the rest were.

Furthar attempts to secure a chance to mest these pre-service
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teachers proved ipmpossible. The resaarcher then handed sone
quastionnaires to their sclence lecturer to administer whenever

classes resumwed, but, unfortunately, this never occurred.

4.3 FINDIVGE FROM THE TEAT

The diagnostic test was mainly based on four gquestions. These
ware:
a. The boy watching the tree
b. Video animation takan from a section of the comic
¢. The girl watching herself in the mirror and again
trying to watch hevself in the board
d., The boy holding a torch

Bxamining the data received after this test, saveral areas of

intereat ware identified in each question asked.

4.3.1 The boy watching the tres

Both children and teachers were asked to draw how the light from
the sun helps the boy to see the tree. The drawings are grouped

ag follows:

a. Those that represent a flash or shower of light from the
gource in all directions.
b. Thosa that represert light in undirscted rays.

¢. Directed light rays from the source.
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A few examples will be discussed to indicate what tha pupils’ and

teachers’ ideae concerning light are.

4.3.2 Vision viewsd as a flash or shuwar of light

Figure 4.1 a, b, and c show the responses of both pre-service
teachers, in-service teachers and prim: y school pupils.
They all believe that “the sun shines over every thing so that

the boy can ses the tree".



Fig 4.1 A flash or shower of light
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This indfcates that these respondents believe that thera should
be light all over in order to aid vision, After further
questioning, this idea changed wher they were asked what would
happen during the night if a passing car was shining light on the
tree while an observer was behind the car. This question made’
many of them reconsider their former belief and indicate that the
obgerver would see the trea. Which means that light need not

necassarily shine all over in order to aid vision.
4.3.3 Directed rays from the scurde to tree.

A variation of rays were drawn to indicate that light travels
from the sun and shines on the trese so that the boy could see it.
Sees Figure 4.2 a~-c. Many children and their teachers (both in-
aervice and pra-gervice) provided drawings that showad simple
1inks bhetween the object and the source without any iink betwesen
the object and the eye. To them vision can only occur if light
is "shining” on the object which they ses.

4.3.4 Link batwesn object, source and aye

Some respondents drew rays which link the sun with the tree and
the other link is between the eye and the object to be seen, as
indicated by Figure 4.3. This was done in two ways. One way is
whereby an arrow ls directed to the source implying that vision
iz an active process. This implies that for one to lcook at an
object there is a required actlon ¢f throwing one’s eyes on a
targeted object; that 1light should be reflected inte the

obsever’s e.. - is not understood.



Figure 4.2 Directed rays from source to the tree
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rigure 4.4 Correct conception or visjon
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Another active process was witereby light is travelling from the
sun shining on the boy, while the hoy is actively loocking at the
tree. However, socna respondents had the correct corception of
reflection of light from the target object. This is indicated by
Figure 4.4 a, b, and ¢ below.

However, very fow pupils achieved this and aqaiﬁ they ware not
very clear on what happens to light to anable the boy to sae. The
number of 211 incorrect and correct responses could be clearly

saen from Tables 4.1 to 4.4 in Appendix F.
4.4 VIblO ANIMATION

Hare many respondents did not have serious problems beczuss the
rancarchn; decided to introduce the activity with the mirrors
bafore any drawings could be mada. The researcher then gave them
a poster indicating a trapped bey in a dark room with the l1ight
coming from the sun-roof of the adjacent rcom (see Figure 4.5
below), and asked the respondents to draw how th~ two children
would shine light over the trapped boy in order to help him.

Different responses were given (see Flgure 4.6 a2 - f£), It is
indead guite obviocus that many different types of Figures were
drawn. This might be attributed to the complexity of tlre
situation itself, but many children and teachers managed to get

the correct answers (see Table 4.2).
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Pigure 4.3 Example of video animation poster
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rigure 4.85a Responses to question of video animation

Ny




40

Figure 4.6b. Correct responses to gquestion of video aninat_ion
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4.5 HIRROR AND BOARD

Aqain-th%s was classified into the different ray types given by
res;ondeﬁts. Almost all ray types given by pupils wesra qiven¥yy
feachers. A summary thereof is given in Table 4.3. The dominztth
ray typess are the beliefs indicated in Figures 4.2 and 4.3 above,
of geeiny vision »3 a resuit cfieithef a shower of light all over
the place (Figure 4.7a), or as a single directed arrow or a heam

of arrous from the source to tine cobject.

Figure 4.7a A shower of light on a mirror and board question

b

SHLA AT W s

ﬁ;::::::g:::i:::f
%

=
X0y
At g
‘

N

T ——

Here the question mentioned that * ....the girl can see herself
in the mirror. The girl cannot see herself in the board. Try to

show what is happening to light on your drawing",
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A Very small percentage of puplls managed to indicate the correct
conception of light from the source reflustad into the girl’s
eyes; 6.% o! pre-service teachers indicated the correct
conception. This occurs amainly on the mirvor drawings and not on
 the board. It is interesting to realise that many respondents
still believe that if material is not shining, light travels from
the source and ‘stays there’ i.e. on the material concerned. It
is not reflected back, Ligtt can only be reflected when the
material surface is shinv, and iight is very intense resulting
in a h'igh refledtion. This is revealed by drawings in Figure 4.7h
below. |
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mirrer or board

Figure 4.7b Light reflection hy
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4.6 TEE BOY NCLDING A TORCH

In this guestion copies of pages showing a poster in which a boy
is holding a torch in his hand horizontally were distributed to
respondents, who were then asked to provide a drawing which shows

where the light fror tha torch goes,

This was aimed at checking on some of the misconcaptions thae
respondents had in connection with the distance that light could
travel, or the direction of light from the torch. Again different
Iresponucs were given., Some of the drawings are indicated in

Figqure 4.8 below.

a. Light not travealling to far distance from the source.
b. light going in different diractions (up and down)
€. Other diffarent characters of drawings.
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rigure .il'.'l' Light rays from the torch
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4.7 SUMuARY
rem the discussion of vesults obtained from the diagnostic
teats, it is clear that both tha pre-service and in-service
teacheras together with the pupils have similar ideas about the
Eéoncnpt of light despite their difference in age and experience.
Moast or their pre-~conception regarding vision and propagation of
light. are not compatibla to thosa of a scientist. They need to
be oaliminated and ke replaced by the scientifically corroéﬁ
concepts, since woth pupils and teachers cannot comprahsnd when
holding these misconceptions. Therefora there iz a hope that by
inplexenting resocurce materisl such as the MMP coupled with some
tormal instruction, misconcepticns regarding the concept of light
could be illeviatud and then propar learning will take place.
Unfortunately -as was already indicated in sections 4¢.1.3 and
4.1.4 the formal implemantation stags could not be reached.
Ultimately an arrangement wvee made with the RADMASTE centrs at
Wits to conduct a survey with the D.E.T. college lecturers at one

of their workshop sessions.
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CHAPTER §

SURVEY CONDUCTED AT WORKSHOP AT RADMASTE

Eight months after the disappointing limited or non-participation
ot teachers in the project. due to strike activities described
in the previous chapter, the researcher was invited by the
RADMASTE centre of tne University of Witwatersrand to run a
workshop with college lecturers., These workshops are organised
twire a year for mathematics and science college lecturers from

the DET and former homelands authorities.

5.1 MODIFICATION OF OBJBCTIVES OF BTUDY

The aim of the study had to be shifted to so.e sort of evalu~tion

of the MMP with the PID college lecturars teaching sclence. The

workshoPIIocused on:

esgtablishing what the attitude of both pupils and pre-

gervice teachers towards the MMP might bhe,

- the interrelation of the various sections of the M¥P (e.g
comic video,workbooks etc.) with each other and the yrackage
as a whola.

- the extent to which certain specific secticne of the MMP
might stand indspendentiy of ¢ach other.

- the effect that the MMP might have on the conceptual change
of hoth pre-service teachers and pupils Iin their learning
of the concept of light

- the advantages and disadvantages of using the MMP.
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3.2 WORKSNOP FPROCERS

The ﬁorklhop held in Fabruary 1994, started with cwenty lecturers
attending. Twenty copies of the comic were available. Therefore
gach lecturer had a chance to read the story at ! :/her Eyu nace,
Forty minutes were allocated for tie reading of the fomic. The
lecturears were requested to read with a critical eye for
constructive coriticism of the package later. They were divided
in :0 four groups.

.;QB lI!ﬁ tin. the lecturars were 2dvised to read the comic from
'ffdﬁf!i!hﬁh saotions; i.e. one group wer ask:=d to start reading
feon mmm1nq of the comic up to the end, another group had
ﬂﬁiﬁt with a dirtlrant saection such as "Science is fuu®, "The
.ﬁiiivfﬁkplaec“ ste. and read through to the end and then
'fgénatiﬁuc until they reac’ ‘hair initial starting point. This
fiuttttoqy aimed at ensuri.g rthat in case forty minutes elapsed
hotof; some lecturers had complested rwading at least the whole

comic would have been rsad.

During the comic reading sessions five lecturers decided tn leave
the workshop (one by one)}. When the comic reading was over, the
video was projected so as ta show the same story on a film
screen. The faclilities were of a high standard and tha hall was

darkened: the film was very clear and the sound very good.

At the beginning the hall was very gquiet but later on one could

hear the lecturers laughing and giggling at some of the events
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occurrinq in the video. At tha:end of the show some lectiers
jokingly requested a replay. Due to leas time allocated for this
activity a fuil replay of the video was not possible.

5.3 LECTURERS’ PERCEPTION OF THXE MMP

Many lechturers saw the MMP as a ‘very important tool’ which could
be used in introducing and teaching the concept of light. They
kesenly axprassed their wish to take the package back to their
respective inatitutions. Some were prepared tc pay for the
packags. Unfortunataly, the researcher could not offer anything
at that moment. except to make them some coples of the activities
which occur at the back of the comic. They were told that Hand
8pring would be notified of their feelings about tha package and
a rasponss would be forthcoming during the course of the year.
Each lecturer was asked to supply the rasearcher with his/her
nama_and postal address so that, in C. @ any poaitivﬁ rasponse

was achieved, they could be contacted.
5.4 QUESTIONNAIRE AND THE LRECTURERS’ REEBPONBES

After vrsading the comic and watching the video, the lecturers
were requested to complete a questionnaire individually and then
discuss some of the questions appearing in it, and then gilve
their own opiniona on what they thought of the MMP.

Unfortunately not all lecturers were able to complete the

questionnaire in the time available. Sone lecturers left some
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guestions unanswered. One lecturer from each group was reguested
to discuss the ocutcome of their group discussion in relation to

some of the guestions and opinions raised in the quasticnnailre.
5.4.1 Responses.
S.4.1.1 Queutionnaire

This guestionnaire (see appendix A) cbnaists of questions related
to the image forwation in four optical instruments i.e.
converging lens {(questions 1,2 & S), plane mirror (guestions 3
& &), concave mirror (question 7) and a glass prism (question 4)
and an opinionnaire aimed at sstablishing the attitudes of the
lecturers and their projections about the possible views of

primary school student teachers and pupile towards the MMP.

The researcher was interested in finding out the lecturers’
reagoning while answering the questions related to inmage
formation in these instruments. Their approach to the problems
would quite clearly reflect how they could assist their students
in the teaching orf the concept of light. Furtharmore, these
problems were seen by the rasearcher as a form of encouragement
to both lecturers ard pre-service teachers to develop a clear
understanding of various issues vregarding light. In the
researcher’s opinion it would be much easier for one to tsach a
concept ana to realise the problems experienced by puplils or
lear ers, if teachers had a better understanding of both the

content. and the application of logical thinking principles
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required for problam-solving.
$.4.1.2 Linking the optical guestions with the MNP

The content of the MMP is introductory information on the nature
of light, which then provides a basis from which other concepts
can bs introduced. The concepts introduced ny the main thewe of
the MMP are the rectilinear propagation and reflection of light,
building up towards an introduction of the idea of refraction.
The resaarcher believes that for teachers to handle these topics
of light confidently and 1logically, they =should aot only
understand the limited information contained in the MMP, kut must
also have aexpanded knowledge on other topics such as image
farmatioh, not only with plare mirrore as shown in the MMP, but
also with lenses. Although geometrical optics is not part of the
primary school syllabus, teachers must have desper knowlsedge than
the level at which they are teaching. This is why it was felt
that some gquastions on geometric optivs were necessary in this

research instrument,

Unleas teachers can handle apparatus such as mirrors, lenses,
glass prisms and blocks, which are used in the teaching of
concepts related to reflection, refraction and image formation,
there is the definite possibility of them being trappad in the
less meaningful part ~f the entertainment in the story and losing
the more important conceptual principles of optics that are being
introduced. It is very important to make the teachers aware and

well-informed of all key issues regarding the subject he/sghe is
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supposed to teach; la this case it is done by coupling the first
saction of the questionnaire with either diagnostic guestions or

the comment scatements regarding the MMP.
5.5 RESBULTS AND DIRCUSSION

The gquastionnaire items were designed to test the subjects’ views
on a number of specific aspects of light. A1l the questions ara

addressed separately below.
5.5%.1 Convarging lens

When dea?ingzwith a converging iens it might be convenient to
congider & single representative point on the bulh facing the
lens, A diverQanﬁ flux of light emitted from this point passes
through the con srging lens and is then converged to another
point on the other side of the lens called the image point. This
type of image point is called the real image puint, becaus. t
is formed by light actually converging to a point. Diagram ra®
in Figure 5.1 represunte the correct image formation when using

a convex lens.

The important feature of diagram (a) is that it shows more than
one ray diverging from a point on the bulb, and then, on the
other side of the lens, converging to the unigue image point. It
should be noted that the diagrams appearing in Figure 5.1 show
light going threugh the lens and changlng direction in ths middle

of the lens. However, in tha real lens, light will change
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direct.ion when entering the front surface of the lens and again
whun_ leaving the back of the surface of the 1lens. For
conveniencs, whan dr@winq ray diagrams, only one changa .’
dirautlon is shown. Bonatines the lans is replaced by a vertica?
Yine with smal)l symbols at the top and bottom of tha line tu

indicate it reprasents a converging lens.

Figure §.3 Cosverging lens test

The converging lens gquestion was included in both questions 1 and
5. The questicons were as follows:

Question

Which ¢t os of lens in Figure 5.2 is responsible for fhc image
formed on the screen?

Question 5:

1., Mark with a tick the correot ray diagram from rigurs 5.1.

2. Give reason/s why you gave your anawer in 1 ahovas.
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direction when entering the front surface of the lens and again

when leaving the back of the surface of the 1lens. For |
b
f

direction:ia shown. Sometimes the lens is replaced by a vertica‘f

!

line with small symbols at the tcp and bottom of the line tv

convenience, when drawing ray diagrams, onl' one chanve of

indicate it represents a converging lens.

|
(.,

|

Pigure 5.1 Converging lens test

b Q::T}\ G

The converging lens question war included i. beth questions 1 nd

5. The questions were as follows: %

Question 1: j
Which typs of lens in Figur: 5.2 is rssponsible for the imi gu
!

formed cn tho mcreen? :
question 5: Hh
1. Nark with a tick the correct ray diagram from Figure 5.i. ' 3

2., Givs rsason/s why you gavé your answaer in 1 above. |
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Pig.5.2 Identification of the type of lens

Quastion 1 intended to ask for an axplanation for the formation
of an inverted image by the ccnverging lens on the screen. All
the reapondents (lecturers) except one, gave verbal explanations.
(sea Appéndix C for further information). Lecturer D gave an
answer in the form of the optical drawing of Figure 5.3, His
anawer is not different from diagram "b" of Figure 5.1. This
diagram is a correct represantation of the behaviour of light,
gsince light does travel along the directions represented by the
light rays. However, the diagram is an incomplete representation
of tha image formation process, a fact clearly indicated by

lecturer € (this will be explained beiow).
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rigure 5.3 A ray diagram drawn by lecturer D
- - ___-m—uﬁ(

e el e I R ] e AR e L i v e e v M T T M g e . a my w mh de T me  d

This answer does not :epresent an important aspect of how the
image of the object point is formed, i.e. that light divercing
from an object point is made by the lens to wonverge to a
corresponding unigue image point. A single light ray drawn from
an object point, through the lens, to an image p« - does not
represent a divergent flux of light leaving the object, nor does
it represent a converdent flux going to the image point. In
addition, such a single ray diagram does not show the uniqueness

of the image point,*!

1 If ore could have had enough chance to interview the
respondents, one could have verified this issue by asking the
respondents several questions relating to their verification of
the image point.
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Looking a® the verbal responses of 1. :turers A to I, it appears
that saveral concepte regarding light are wal“?knm?_n, e.q. Light
ray travels in a stralght line, a ray diagram formed by a convex
lens result in an inverted image, light rays passing through a2
convex lens ara refracted convergently, convex lens result in a
real and inverted image, etc. But the significant aspacé 2f how
the image of &a object point is formed is8 not clsarly
reprenanted. It ic only when looling at the responses of question
5 that lecturers C and H have a clear idea of the formation of
an image from an object point. I..ecturar--’:l-l' 8 reason for choosing
option ‘a’ io: at least two rays from a particular point have to
intersect at a poi_ad: te show whece the sharp imagse will be
formed. Options b, ré, and Jd illustrate different properties of
a convex lensy, but does not fix the image. In ‘c’ the ';'ays are
drought to a focus point, so no extended image can. be formoed
there. lLacturer C applied ¢he rules of optics to get to the
ansver, which is of course corract. She applied the eiimination
rules as well, 1;1:..1.5 is why she indicates that in ‘¢’ image cannot
form at the .t\'bcal point, ’d’ image cannot form only from light
rays that pas{a"\\ througn the optical centre of the lens and ’'b’

acceptabla, bui':. incomplete.

Several lecturers obtained the correct answers either by gquessing
{e.g. lecturer B) or Iintuitively knowing the answer, 1like
lecturer A and others, who simply indicated they knaw the answer

to be simply as it was put forth.
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3.5.2 Filane mirror

Two quastions vere aakdd in this regard, i.a. questions 3 and 6.
A drawlnq_ét & plane mirror with an object placed in front of the
mirroy wa;n' supplied and ths respondents were aaiad ‘what.har an
observaer sitting in front of the sirror would be able to see the
| am@a in: twn M the. li: yor. If he could see it then they should
| 'Gxaw thc Mﬂ;’._ 0!. tht i.laqe and if he could notc see the im-ge
' % mxain why he couldn't gee it. This is

plune mirror proplem

Mirror

only four out of nine respondents correctly indicated that the
observer could see the lmage of the ohjéct. All respondzrts
including those who answered correctly did not attempt to draw
any ray diagrams. The reasons given for not seeing the image by

the observer are mainly that light from the object will be



raflected away from .-im.

The main problem in this regard could be the picture itself,
Perhapg the question would have bean. m~h clearar if some plans
nirrors and objects wore made aveilable so that respondents could
act as observers and then draw sp_jr:a:e rav diagrams for the imaga

formation in the mirror.

‘E\!‘

The sawme task was asked in question 6 in a different manner..

Different optical drawings were supplied, and respondents were

asked to tick the correct ray diagram and explain how they had
acxrived at their answers., This is illustrated in PFigure 5.5
velow. '

I

Figura 8.5 Sscond plarln;e mirror problem

A N g A T Ay -

All respondents tickea the ccrrect ray diagram, Different

explanations for thair choice of answers were however given (gee
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Appendix C for further information). These are for exampla:
Lecturer A: Recall textbook knowledge, Lactursr B: I guessed,
and no reasons in some cases. Lecturer D indicates re;son as a
mere angle of incidence = angla of reflection. No lecturers could
explain satisfactorily how the image poaition was detarmined by
the position of the object and the 1a§ of reflection. The
researcher suspects this is the reason why ﬁoﬂn of them atﬁuptad

to draw any ray Jiagrams i'-,n anewering question 3 .

A mirror has the property d\: retlecting incident light in such
a way that the angle of incide\'\cn equels the angle of reflaction,
which is in agréement with tha\\;aaaon given by lecturer D above.
Again for the plain mirror a d&lfnrgant flux of light from each
peint on the object gose to the plain mirror, raflects as
divergent flux of light, and then enters the eys of the cbsarver,
who perceives it to have originated at tha image point bshind the

mirror.

This point is called the virtual imace pcint, and is located the
samne perpendicular distance behind the wirror sur{?';\ca as the
cbject is in front. Diagram 1 in Figure 5.5 ig the correct ray
diagram representing the process of image formation with a plaﬂe

mirror and observer’s eye.
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5.5.3 Concave mirror

¥igure 5.6 Image formation by concave mirror

———— A S AT
c
,i
i
h AR Y ie

This iz based on the information illustrated in FPigure 5.6 above.
Only one out of nine respondents managed to tick the correct
answer (refer to appendix 3 for further responses). This is
lecturer H. His reason for the answer is two lines from one point
used to find position of the image. This task proved to be much
more unfamiliar to most fespondents. One of the reasons might be
that most of the PID syliabus deals only with plane mirrors and
concave and convex lenses. But lecturer H hag shown that some
mastery of some basic simple logic in dealing with geometrical

opticg can assist in solving even some unfamitiar problams.'

The explanation for this task is wmostly related to +he
explanation of the converging lens task. In both cases the

divergent flux of light leaving a point on the bulb '3 made to
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converge to a real image point., Diagram ’‘a’ in Figure 5.6 is the
correct anewer. It shows rays representing light divergira from
a point on the . bulb, reflecting from tpe mirror, and converging
to an image point. Diagraws ‘b7 and ‘¢’ are similar in that they
both sho#-two rays going from the top to bottow of the bulb
directly to the mirror,

5.5.4 Glass prisn

Figure 5.7 A man viewing a pencil through a glass prism

2o ;jﬂm.ﬂl 1

£

Qbserver

The lecturers were agsked to draw what the man observes as he
views the pencil through a glass prism as illustrated in Figure
5.7, and then explain what happens to the light as the image he
sees is being formed. Unfortunately, this task proved to be very
difficult for al)l participants. Perhaps it could have worked
better if the guestion was asked differently, by supplying the
lecturers with the real equipment and asking them to draw a ray

diagram of what they observe.
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This phenomenon could be understood when one raalised that a
diverqemﬁfflux of light goas from a poini oan the object (in this
case, pé%cil) tn the lung face of the prism. Upon entering tﬁe
prism, and again upon leav.ng, t.he 1lght gets retracted ox
changes direction. The d4ivergent flu, of light exiting frou tha
prism then enters the observer’s eye and is perceived to have
originatud from anothar, the wvirtuai image point. Because the
pencil is placed in lina with.fhe apex angle of ths prism, the
divergent flux of light originating from the single object point

separates into two divergent fluxes when exiting from the prism;-

Each of them will anter the eye, apparently originnting'frau two
different pdints, which accounts for the ohservation of the two

dieplacad images illustrated in Pigure 5.8 below.

" #igure 5.8 Displaced images formed by glass prism

M
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5.5.3 Responses related to the MNP
The basic things the researcher felt were important to look at

in designing the cpiniotinalre ware to find out about:

(a) Both pupils’ and teachers’ attitudes towards the MMP.

{k) The interdependence of the various components of the MMP
with each other, and the interaction between tha MMP and
other more traditional teaching strategies.

(c}] The effoct that the nedia could have on the conceptual
change of both pupils and pre-service teachers in their
concept of light.

(d) The usefulness (advantages) and disadvantages the media

might have on the learning of the pupils.

Frop interacting with the pupils in different schools, it has
bean apparent that they were interested in, and liked
participating in, all the wedia activitles conducted by the
researcher. Their teachers also Bhowad.a soneiderable interes:.
This has been confirmad above (section 1.3, paragraph 1.3.3), we
mentioned that although it was not the aim of the researcher to
involve the in-service teachers in these activities, they

nevertheless showed a high level of interest and participation.

Although it was never possible for the researcher to give conmics
to the .pupila, or to show a video at schools, pupils could
quickly recognise char:icters such as Jay, 2yanda and Frankie whom
they have seen from the activities of shining light from the sun

roof on Frankie.
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Pupils wvere daliqht:.d to hsar that they were going to read the .
comic book and learn more from it. They wéra happiar and more
interested when they were told they would also watch the video.
‘l'hiq attituds was also shown by lecturers after reading the com:.c
and watching ths videc. Most of them requested a replay, while
others passed scae comments 1ike they liked %"the music nlayed by
Jay®™, etc. Most, if not a*;.{ {scturers wanted to have the media
for tueir: '&?&'l-‘-“ini’_hltution&. | Others asked to b« allowed to
purohses - m_.-k’mﬁia if pos- ibla. Alx of this ."S.ndicates how
mutw&n m&ma are a2f those exposed to the MMP.

mt with regard to the s-&_imulation of pupili'
& popularising of science, sone of the 1ecturers.
m« cope alive again. Pupills realize that evaery
'_;'ﬁl full of science.
i'.._‘ll' interes: is stimulated by viewing the video unlike
where you start by asking gquesticns in a lessavw
Contextual learning ~ science 1s rfun; sclence as usaful
SN knowledge -~ science in relation to peer group interests al.
| aid in popularising of science,
D. Pupiiz wopuld/should be captivated by puppets and
fagcination of spooks etc.
F. It is very stimulating and hence can be used for setiing
the stage (int oduction).
H. Very good. Relnforcing the notion that science is fun and
important.

The comments above indicate how stimulating this media is; and
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how popular scisnce could be by using media of this sort.

. The MNP is soen s suumthinq which could ‘encourage children to
ask qpastiunl about natural concspts relatad to light. Some
lecturers indicate that the counts done by Jay, Ayanda and
-ﬂ'!rankit ltm thl ‘shining. of the lightning might "“trigger“

. qasstd m m distance and speed of light from the source;

dops are asked, they make conditions favourable
: u introduce group discussion. This would make
M‘I’. the subject, and therefors pupils would be
o 3 .mz

t critical thinking

-e_lﬁiptulncls to each nther i.e. team work or co-~operative
“learning.

-« appreciation of learning for ‘themselves’, zind not simply

lsarning for exams or tests.

Th« MMP is aeen to make science fun and an adventura, as the
pupils can relate to characters, and apply some littie scientific
"trick" learned through the media to so0? e their own day to day
problems. Work-sheets also refer back to incidents in the vidao,
and this helps to keep pupils on track, and encourage them to
discuss issues. Lecturers F and G however emphasise that for the
media to make science fun and an adventure it should be used
properly and with understanding i.e. it ghould ke stressed to
students/pupils that they should watch the video criticaily and

report back on thelr findings. Otherwise pupils will concentrate



68

on the less important aspect of the video, such as the simple

antertainment value,

e pupilic. .::ould ralate ;\:to the way the three characters solved
their problema. then thz:;ﬁ*i;gh this media they will be encouraged
to learn by doing ani solving problems confidently. 211 lecturers
agraa that.' with the help of the MMP the pupils could l<arn how
to sclve problems by themselves. One lec” .-.far indicates that: The
story line is about’ how the characters solved the problems of
iight source to help them see how Frankie was trapped - this
helps to focus on how in Fact we use problem~-solving in our Jaily
lives. Therefore ae long as puplls work to_qgf.hsr and co~operate
in groups thay will always Iind solutiona .tca }:heir normal day to
day scientifically r-lated probleas.

On the question of 1anguaqé, different 6pinicns arose. Lactursr
G was not sure that the MMP could act as a device for developing
language comprehension since he feels that the video has a
language problem of its own in that some of the characters talk
too fast. The same concern was ralset Jy lecturer C: However I
did find it difficult to fcilow the dialogue in several occasions
bevatea the words of the characters were swalloved. Perhaps
programme arvelovers would take cognisance of this. Perhaps the
characters spﬁke too fast, especially Spider.

But she acknewledged that the MMP could be implamentsd widely

acroes the curri_._cu lym.

Sope lecturers argued that the language should be maintained as
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it is; so that the pupils should learn it while it is -being
spoken fluently and at the normal aspeed, because when the child
learns a language she or he "picks" it up while it is bheing
spuken with its natural speed and pronunciation. Some lecturers
indicated that pupilé could 1 'n more language comprehension
frow. this package. They felt that teachsers who use it should be
encouraged to apply cthe principle of Ilanguage across the

curriculum.

All the lecturers who rasponded see the media as an instrument
to bring about the possibility of helping pupils to cbserve,
pradict and test their ideas. This is viewed in the light of the
way in which the three characters approach their problems. They
obasrved how their natural anvironment behavas, and they came up
with suggestions as to how they could react to it and then tested
their ideams by putting their thoughts into acticon e,3. when
Ayanda indlcated that light coulda lose come energy and fall to
the ground; this jdea was put to test by Jay by later flashing
the light into her eyes pro.ing her wrong, an indication that

light travels continuously unless obstructed.

The FMP aiso makes pupils get actively involved in scientific
activities instead of them learning facts in parrot fashion. This
is confirmed in lecturer C’s words that ..... especially when
video and comic are used in conjunction with work-sheetas.
Laarning in the context of situations which pupils relate too

also reinforce learning frowr experience.
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The collegs lscturers had a heated debate on the best way of
using the media. Lecturars A, B and their groups felt it would
best be used it m discussions about light were done befors
showing the video, followad by work-sheets. Some lecturers didn’t
indicate how they could implement the MMP but they simply said
use .tt in mjmtim with the English teacher, it could be used
t2o o *#e ‘the lesson etc.

tu!cmt that the video could be shown as an
& the topl  This could be followed by the
t&'.dmract-rs after viewing. Follow up comic group
iiqon central problem - light and reflection. This
_ by wvork-shesets. This could make an interesting,
*Wt lesson which is characterised by some logical

m guestion of the relationship of the comic with the video,
:-llil itctumra have basically sean these as complamenting and
reinforcing each other. Each is seen to be playing its particular
important role; for example the comic helps to make thinys more
clearer in casa there is any thing you wouldn’t have understood
in the video. The comic is seen as explaining events in the video
step by step and it could offer pupils a chance to read at their
own pace and understand the story well. Another lecturar sees the
comic as the iliustrated record of the video which helps to
reinforce the language and the central concept of light.

Almost all lecturers view both the video and comic as one package
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and working toge her. Nona could replace tr+= other; inatead they
‘rainforce sach other. They emphasise that the two muaf. be used
in conjunction with the work-sheets. The idea of keeping the MMP
as a package (and not as its separate components) is highly

recoamended.

The M¥P, especially the video, must ba used with caution. Unless
it is used properly, with good planning and control, and is
incorporated with the work-sheets, there is a great possibility

that the entertainment value could override meaningful learning.

Concerning the development of the light concept, the media is
saan as focusing on the need to teach puplls in the context of
their sxparience. The wadia highlights the lmportance of ralating

to pear group interests.
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CHAFTER 6

CONCLUSIONS

6.1 XNTRODUCTION

Teaching a child is not like simply drawing on a blank slate. A
variaty of things have alrsady been drawn on the child’s nind by
evaryday expariences. Sc we should nol;._. 2imply take advantage of
children’s scilentifically compatible conceptions and overlsok the
negative role played by the pupile’ pre~ or alternative

conceptions which might prevail in these compatible conceptions.

The pupils’ pre-conceptions need to be sliminated and be replaced
by s=clientifically correct conceptions. However, scientific
concapts are difficult for pupils to learn when thay already havae
interfering pre— or misconceptions. Students or pupils with these
nisconceptions do not comprehn;_:_v A, or else they misinterpret new
information when it is orqaniz;d according to the scientifically
acceptable manner, so learning cannot 6ccur, and the replacement
of studerts’ pre-conceptions by scientifically correct

conceptions will not take place.

6.2 FPINDINGE

6.2.1 Diagnogtic test

In almost all Figures drawn by the respondents many responses of
pre-service teachers, in-service teachers and pupils are similar.

The folleowing are sume of the misconceptions observed among the
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_lnbjbctta tm;;7= fmwjag
- vuion u k. uhwtr of light
- Vlhiﬂnwinﬂiﬁ tﬁt&vn 200king process
{_irl«tho only ones that raflect light

Wﬂ% ‘3ight travels for short distances
;3!ﬂq¢ that ”iqht travels in straight 1inas
Svar the observars to aid their vision

P'Lﬁémgz.thqlrcprcsantation ot
_ .in terns of the ai.  “¢h light travels
) had an incaﬂplstn"j@inh 5;15“ of the image
qfturnatiam process i.s. 1ight irsr5 19 ve 3l AR objsct point
is made by the lens to sonverge to a ccxragpondinq unigue
image point o ,
- They had knowledge of some aspects velated to the behaviour
of light a.g. "light travels in straight lines, convex lens
form rsal and inverted images, etc.
- They are unable to clearly raprasént how the image point is
formed

- They had serious problems with concave mirrors and prisus
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§.,2.3 Compent statements

All subjects have shown positive attitudes. The whole MMP
wat seen as exciting and interesting. It has the potential
of »eing a good m:dia which could be used in the new
t.achinq styles

All the parts of the MMP ara seen as complementing each
other. It could bs easy to implement if the whole package
is used. The comic and activities can still be used alone
whers the video facilitiee are not available.

The MMP can change the conception of the learners and users
while it involves them in activities which make them solve
problsas. Again it makes then (sﬁbﬂ. ts) apply strategies
which encourage them to test their ldeas. As scon as the
subject raalises that his or her ldeas are not affective,
he or she will abanden the idea and change to the
scientificaily acceptahble one.

The MMP makes the learner learn while enjoying the story.

6.3 INPLICATIONS

6.3.1 Diagnostic test

If not taken care of, the identified misconceptions could have

the following consequences on teaching:

teaching and learning progress could be retarded .

teaching to pupils will not be effective.
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= learning anﬂ-undiritanﬂing will not t. ke place.
Therefore thé munhm s negative effect on the attitudes

-:off'bpﬁﬁ;fﬁ ”'EF cand pupils towsrds sclence. If they are

"h:'hcdj then positiva rasults are envisaged.

"\\\%

Lh

eatation of 1n£;§ formation might cause the

<0y gunsé wbrk.and rote learning

unaible to understand geometrical optics

i \'ll 1ittle or no confidence in teaching the topic in
hparﬁicular

6.3.3 Connantuutatenants

This study and the production of this package has indicated that
should other topics which are part of the syllabus be selegied
and prepared in this form of an MMP, learning could improve quité
substantially. e.9. learning would be a fun for pupils i.e.

- the material manages to attract the people’s interest,

- it also has the ability to uotivate and encourage pupils to
actively participate in their learning artivities simply
because:

a. it is a new wethod in itself

b. the bright colours are attractive to pupils

C. it provides time to do some activities, which used to be a
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very rare thing in our classroom.

music, activity, and action in the video enliven the whole

lsarning activity. Entertainment makes pupils lesarn while

enjoying. It gives children a different view of learning.

Lastly, maximum efficiency in the pupils’ leariing could be

attaired by using the package as whole

6.4 RECOMEENDATIONE

6.4.1

6.4.2
6.4.3
6.4.5
6.4.6

6.4.7

In order to implement the HMP effectively, teachers
need to be trained and eopowered through the
attainement of knowlqdqa.

Teachers should alwvays identify misconceptions through
tasts whila teaching.

Activities found in the MMP ahould be implemented to
eliminate misconceptions.

The MMP should only be introduced to the classroom as
an additional resource and not as a texitbook.

The MMP may be used in both English and Science
lessons,

A package of this nature should be developed for other
topice which are currently taught in primary school

[~3F.7--1°1 S
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AZRENDIX A
QUESTIONKAIRK COMDUCTED TO TEACEERS AND LECIURERS

idanc;‘ﬁﬂcation No.

| Nane of Institution
Course lLevel/Standard -

The purpol- of this questionnaire is tc find cut your views
eonédxnih§'¢on¢ipth roiatcd te light. The answers you supply in
this- qu.ctionnairt will not affect your year mark or examination
~mark. An Iny way (l.s. you will not be graded on the resultis
- obtained from this quastionnaire). So, feel free to answar the
__'_tozlduinﬁ questions about "light". The researcher wishes to find
out ﬁhat your ideas about light aras. |

Please answer avery guestion and supply reasons where requected.
For each guestion indicate your level of conridence Ly ticking

the relevant hox..

Solutions to the problems wili be provided later on, in order to

halp you clarify own ideas.

In order to wake your response meaningful, you ara requested not

to obtain answers from another student or the lecturer.



QUESTIONKAIRE No.1l

QUESTION L.

Figure 1.

1.1, Which tvpe of lens s responsibie for the image formed on
the screen in Figure 17 ... . ... i
1.2, Explain how you have arrived d! vour answer

A2



QUEBSTION 2.

Figure 2.

2.12. If the lens drawn in Figure 2 is a convex lens, indicate
with a drawing on the -c¢reen the type of imdge fcrmed by
this set-up.

2.2. Explain how vou have . rived &l your arswer

e e e e ——— = e = e e ar mw o s e i b = = e o4 am e = . o ki e e S e fr b Tk =

Al




. QUESTION 3,

Figure 3.

i

ur answer is ‘yes', then indicate the image and its

p;asztion by drawing on the surface of the mirror.

If yeur answer is 'no’', then explain why.



RQUESTION 4.

Figure 4,

“-J Prism >
Toect ,/62 \I 1

apserver

4.1. Draw what the man observes in Figure 4.

4.2. Explain how you have arrived to your answer

‘A5




QUESTION 5.

Figure 5.

5.1. Mark with a tick the correct ray diagram frem Figure 5.

£.2. Explain how you have arrived at your answer

L e e o e . ot L Py e Bl L W e e A et . g e e . b A e it Bl o U ey i i ek ke A M e e e W T ke Y S e S

B T T S e e e h T T S VT S I v
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QUBSTION 6.

Figure 6.

i
X

6.1, Tick the correct ray diagram in Figure 6.

6.2. Explain how you have arrived at your answer

e b A S e A O e e i i e i et A ke i s e o ek . e e e A A A 2 Al A e S e b Wi sk e s e e e VAR e ks st Al s B sl

e e — e e e e e e e

______________________________ e e e

e e e rmrmmmm e e e e —

_____ e e e e e e e e e e e e e e e
2

_____ e e e e et o e e e e i
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QUESTION 7.

Figure 7.

Qe

ol

7.1. Tick the correct ray diagram in Figure 7.

7.2. Fxplain how you have arrived at your answer

T T i v T T ey, T i B B e g i ok L AL By o e et o e Mg e P S o P ey ot ek SN A ke M M W S e e vk WA SR e T ————
e e e T B - - B o . ke sk o e s ek 2 A . . ke o ks i i e ke i R i it AN M EE TR e Ae T b e e e s ke ke e ke e el ek A LS s o g e e
e T — o T ke e ok Al 2 M il AL AL T LAl A S T R T A i B e i A WY SR S A VT ek -
—— R T R e S A A bk BAP W TR M B AR TAT BT T e Ak M W T T ek e e e e e s e ki kS B S e ke W L A W L W A -
At A Byl e o o P . B, T T Y T W W T = A W = e o . o e e Al e i e EE R e el M T T | W W b e sy o e

ke B B e e o ke ek a7 oy b e o Bl e e ke Aokl BT Ak A B B MU T WL B ek L BT AP AR A e i A A e e L e e ke e ey e o el M M B Rrr F e k-
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APPENDIX B
COMMENT STATEMENTS

The following section requests you to give your opinions
concerning the media you have just studied. Please discuss the
gquestions amongst .yourselves as a group . and give your
conprehensive responses both in a written form and in a form of
presentation. (A separate sheel of more comments may be attached
to the guestionnaire)

i. Does the media encourage the children to ask questions about
the natural concepts related to light? Yes/No
Please elaborate. .

2. Can the nmedia make science to be fun and adventure? Yes/No
Please elaborate

3. Can .. media encourage pupils to learn by doing and solve
probleme confidently? Yes/No
Please elaborate

4. Can it act as a device for developing language comprehersion?
Yes/No
Please elaborate

5. Dues it have any possibility in helping the pupils to observe,
predict and test their ideas? Yes/No
Please elaborate

6., Dnes it make pupils actively involved in science experiences
instead of them learning the facts {(in a parotic fashion}?
Yes/No
Please elaboratie

7. What do veu think could be the best way of using this media?
Please elaborate
What is your comment with regard to the stimulation of the
pupils?’ interest and the popularising of science?
Please elaborate

9. What do you think the atticude of both pre-service teachers
and primary school children could be towards this media?
Please elaborate

10. How do you think the comic is related to ‘deo?
Please elaborate

11. What aze the advantages of the comic over t video and vice
versa?
Please elaborate

12, Do you think tha comic can be ur~d independent of the video
or the videc independent of the comic? Yes/No
Please elaborate
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What do yoﬁ think are *he disadvantages which this media
conld have on the lea. ..ing process of the primary school
pupils?

Please elaborate

What elffect do you think this media could have on the
developrnent of the light concepts on the primary school
teachéts?

Please elaborate
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AFPENDIX
DIAGNOSTIC TEST

This test was administared to both primary school pupils and preo-
service taachers.

1. How light helps us see,

Put up post~r of a boy watching the tree and hand oit photocopies
to each child/teacher.

Q: What is in the picture?

Q: Where does light coke from?

Q: Where does suanlight So’

Q: How does the sunligh? help the boy to see the tree?

Draw how the sunlight helps the boy to see the tree.
Ask each pupil/teacher to explain what they have drawn.
mmmmp

Place someone (called 'A') behind the door so that no part of
him/her is visible.

Can we see ’A’ behind the door?

Are we sure that ne/she is there?

Why can’t we see "A’Y? :

How do=s the door stop us from seeing ‘A‘?

OO0

LT Y T

What is the door in the way of?/ What is the door blocking?
So, how do we see?
What can we do to find out bow many fingers ‘A’ is holding up?

oQe

Here are the mirrors. Try to use them so that we can see behind
the door, and check how many finaers ‘A’ is holding up.

2. Tight travels in straight lines
Handa out photocopies of “"stillY from videc animation sequence.
Explain that the sources of light is via the skylight.

Draw how the two mirrors can be used to shine light on Fraunkie.
Ask selected children/teachers to explain what they have drawn.
Monitor how tie children/teachers tackle this task.

3. Reflection by mivror/reflection off notjice board.

Request children/teachers to fare a irror as well as a
screen/white board.

Ask volunteers to look in the mirror and then at the board.

@: Why can you see your face in the mirror, but not on the
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sCrean?

Hand out photocopies of mirror and notice-~board.

What is happeniag in these two drawings?

How does the light help the girl see harself in the mirror?
How dass the light help the girl see the notice board?

Why do you see the girl in the mirror but not on the notice-
board?

0R0R

‘the girl can se2 hersgelf in the mirror. The girl <sannot see
heraelf in the board. Try to show what i» happening to the light
on your 4Grawing.

4, Misconceprion: light falls down

Put up pester of a boy he,,ding a torch, then hand out photocopies
of sam» Show torch and switch it on and off.

Q: 8hew vharas the light from the torch goes.
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APPENDIX D
COLLEGE LECTURERS’R.SPONEBEE FROM QUEBTIONNAIRE (Appandix A):

1. "Which type of lens is responsible for the image formed on the
sceen in Figure 1?" Fxplain how you have arrived at your
answer.

A. Light rays traval in straight lines from chject to scres=n
through lens. Recall rules learned + app.y. (emphasising
recall)

K. The image formed is inverted but of the same size with the
object. (not e»plaining how he arrived at the answer)

C. Image is real and inverted

E. fcause light rays from the concave pirror do not focus on the
same point, but can oniy be traced back and the image formed.

F. The lens converges the rays onto the screen. The size of the
image would depend on its distance from the focal lenath.

G. The inverted imége is a result of a ray diagram formed by a
convex lens. Refracted converuently.

H. Only convex lensés form real images.

I. Real image formed,

2. "If the lens drawn in Figure 2 is a convex lens, indicate
with a drawing on the screen the type of image formed bv this
set-up." Expliain how you have arrived at your answer.

RESPONSES

A. Recall rules learned :

B. When a convex lens is used the image is upright and enlarqged.

C. Check from previcus guestion - perhaps you reed to place the
object lens and screen in different positions.

D. As previous page.

E. Assuming that the object is on 2f then the image will be
formed on 2f’ sane size and inverted. (same explanation es
hefore)

F. The image will be inverted its size will depand on the
position of the bulb from focal point i.e. focal length.

G. Convex lens converges the rays and image is small invertad.

ll. Real images are inverted. One has to assume that U, V aad F
are correct for ién image to form.

I. Real images are always invertea.

3. ¥Ycan the cbservor see the image of the object in the mirror
in Figure 3? If vour answer is ‘ves’, then indicate the image
and its position by drawing on the surface of the mirrcr. If
your answer is ‘no‘’, then explain why."

A. Yes. A picture is drawn

B. No. There is no distance between the object and the mirror.

C. Yes. Different to draw in 3-dimension without use of ray
diagram:.

D. No. See draving.

. Yes. See drawing.

F. Yes. See drawing.

G. No. The angle at which the chkserver is won‘t make it possible
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for him to see the image in the nirror.

No. By having the mirror angled the light from tie object is
reflected away from the observer,

No. Rays frowm object are reflected to left of nbserver.

"Draw what the man observes in Figure 4. Explain how you uave
arrived at your answer".

No drawing. Refraction of objects depends on angle that
observer views the object.

He observes that the object is inverted and enlarged.

I _just _guessed,

See drawing. Refraction of light rays occurs when ljight rays
pass fronm the part of line pencil ... through the alerson.
See drawing. Refraction of light.

See drawing. Refraction of light rays travels !t om less dense
to more dense.

See draving. Because of the bending of light rays (Refraction)
See drawing Glass prisms rays of light are refracted as they
enter one medium to the next.

See drawing. Observer interprets light to come along a
straight line.

See drawing. Light refracted by prism tho eye sees in straight
lines.

“Mark with a tick the correct diagram from Figure 5. Explain
how you have arrived at your answer."

a. I know the answer.

a. Guessed.

a. (¢. Image cannot form at focal point. 4. Image cannc'. be
formed only from light rays that pass through thc optical
centre of the lens. b. Acceptable but incomplete.})

b. Light bent as it goes through lens.

a. Because the image is formed where the rays meet -« and at
that point we can only see the tip of the globe because the
rays have emerged from the tip of the globe.

a. Light will travel in such a manner that it changes
direction on entering a new medium. This happens to all the
rays except for the one which passes through the focal point.
a. The 3 rays follow a correct pattern of a convex lens.

a. At least two rays from a particular point have to intersect
at a point to show where the sharp image will form. (b), (<)
and (d) illustrate different properties of a convex lens but
docs not fix the image. In (¢) the rays are brought to a focus
{roint) so no extended image can be formed there.

a. Rays must meet at a point to show distance from lens.

"Mark with a tick the correct diagram from Figure 6., Explain
how you have arrived &t your answer.t

1. Recall texthook knowledge.

1. I guessed.

1. correct. 2. incorrect. 3. rays bypass eye ~ ray diagram
incorrect. 4. Angle ro ray.

1. angle of incidence = angle of reflection
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1. No explanation.

1. The light rays travel from the object and are reflec:«d hv
the mirror towards the eye. Because we have a mirror, the
image will be cast on the opposite and at the same aistance
from the obhject.

i. The rays are drawn correctly because of reflection of thase
rays.

1. Show arrow heads and labels. 2, 3 shows correct ray
reflection and position of image bent not sufficient to find
image by observation.

1. Two rays needed tc show apparant depth of image in mirror.

"Tick the correct ray diagram in Figure 7. Explain how you
have arrived at your answer."

b. Recall ray diagramws.

b. I guessed.

b. (a. incomplete. d. Image behind mirror, light rays
reflected from mirrer. c. Image at focal point.)

b. Light refleacted ontc image at angle = angle at light of
concave mirror.

c. No d. is out, because the concave mirror does not form an
image on the other side, becausea in the other diagrans i.e.
a,b,c; c 18 correct, because in a & b the image does not form
wvhere the rays meet,

not attempted '
¢. The concave lens refracts divergently; if the.imaginary

Lmage formed is traced back . it gives us an inverted image
a8 in e.

a. Two lines from one poeint used to find position of image.
Not attempted,
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APPENDIX B
RESPONSES FROM THE CONMENT STATEMENTS (Appendix B)

1. Does the media encourage the children to ask gquestions about
the natural concepts related to light?

A, Yes:

. Lightning counts ~ trigger questions abhout distance +
speed of lightning from source.

ii. Reflection of light - will ask how + when to try it by
themselves.

iii. Reflection of Spider ("Spook") in overall.

iv. The "energy loss* of light (Ayanda} - will ask how/why

B. Yes:
They will ask for explanation about some actions.

C. Yes. .
Video 1s riveting - followed by comic concepts one again
enphasised comic & video provide excellent motivation and
stimulation. But focus on light concepts only as a small
part of total shaw -~ apy immediate focus was on the
characters - comments on light incidental.

D. Yes. L :
Catches interest with real life situation and puppets
{excellently put together) and every day situation.: -

E. Not attempted

F. Yes.

: I think it will for example the exauple mentlioned where in
one of the participants feels that the light will be too
weak and will bounce off.

G. Yes.
The attention of the children will be attracted more by
puppets, puppets’ actions.

H. Yes.
Yet pupils are told the facts. However the attempt to let
the children in the story to solve problems by discussion
and investigation should give the pupils some motivation to
use a similar approach to solve problems.

I. Hot attempted.
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Can the media make science to be fun and adventure?

Yes.
Definitely. relate to their knowledge and on experiences
of what they have seen in the bathroom,spocks, window
reflections, etc.

Yes. ..
They followed the cat and reached a whole.

- Yes,

Pupils can relate to characters - work-sheets refer back to
incidents in the video, this helps te¢ keep pupils on track
and would then encourage the students to discuss issues.

Yes L ]
Spocks are something all children are scaved of ~van I
felt the hair on my arwms standing up when &} . “ed
spooking - effect of music as well.

Not attempted.

Yes.
Provided it is stressed to the students that they need to
watch the video critically and report back on their
findings. Otherwise the pupils will concentrate on Lthe less
important aspect of the video.
Yes. T
If usad properly and understandably. Especially in cases
whare there are lack (absence) of apparatuses.
Yes.
Children like to hear stories, look TV and read comics.
Not attempted.

Can the media encourage pupils to learn by doing and solve
problems confidently?

Yes,
They will try to use a mirror to check underneath . dark
shelve in a cupboard etc.

Yes L
They use the mirror to reflect liqht to different corners.

Yes.
The story line is about how the characters soclved the
problem of a light source to help them see how Frankie was
trapped — this helps to focus on how in fact we use probhlem
solving in our daily lives.
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Yes.
If they think & and discuss problems with others they will
find a solution.

Not attempted.

Yes.
If students (puplls) relate vo the way the group solved
their problem {lifting Frankie} then it will or might help
in triggering problem solving skills.

Yes., (Mo elaborations)

Yes. (No elaboration)

Not attempted.

Can it act as a device for developing language comprehension?

Yes,
Use across the curricalum for language, geography -
conpreheneion test, etc.

Yes.
The English teacher can use it as a comprehension test
{English ;:ougd (across}] the curriculum)

Yesg,
However I did find it giffionlt to follow the dialogue in
several because the words of the characters were
"swallowed®. Perhaps programme developers would take
cognisance of this. Perhaps the characters spoke too fast
especially Spider. Invites cress curricular interaction.

Yes -
Ayanda said "light bounces off th: mirror® & Frankie
rejects. Using screw driver to open paint tin referring to
‘lever the beam up’.

Not attempted.

Yes .
1f it is used in the programme of language across the
curriculum.

Not sure.
The video shown has language problem of people talking
faster.

Yes.
Comic stimulates reading.

Not attempted.
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5. boes it have any possibility in helping the pupils to observe,
predict and test their ideas?

A. Yes.

Predict various ways to get

i. light in the room (e.g. torch if found or opening shelters
if any, use matches, candle etc.}

ii. use another method of lifting the jammed bar

iii. apply sound (various ways) to attract attention.

Bi Yes.
wWhen one suggest mirrors can be used they tested it and it
worked. They gained much information from the video and
they can go and test themn.

C. Yes.
If pupils relate to characters they to some extent serva as
rele models.

D. Pupils could take mirrors outside & fry'and "pass 1Jght
through®” solid ohjects « try prove inat what they saw 1n the
video is true.

E. Not attempted.

Fl Yes’
If they cepy the puppets then it car stimulate pupils to
observe, predict and test their ideas. -

G. Not attempted.

Hl Yes!
The are duly shown how the puppets solve problems. The
activities are too prescriptive.

I. Not attempted.

&. Does it make pupils actively involved in science experiences
instead of them ‘'earning the facts (in a pareotic fashion)?

A, Yes,
Because they realise science is part of every day
activities they learn science without needing to memorise
facts, the facts do stick into their minds.

B. Yes.
They learn to be more practical than theoreticail.

C. Yes.
Especially if comic and video *ve used in conjunction with
work~sheets.Learning in the zontext of situationg which
pupils relate too also reinforce learning from experience.
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Yes, .
Pupils see science in action in everyday situation.

Kot attempted.

Yes.
The video helps them to learn science from different media
and ,not only depend on the textbook for all/any scientific
knowledge.

Not attempted.

At least it is a good starting point.

Not attempted.

What do you think could be the best way of using this media?

Discussion, Show video nationwide and in classroom
situation, and do activities afterwards.

Cet the general knowledge about light. Show them a video.
Give them activities to work out.

Showing the video as an introduction to the topic.
Discussion about the characters after vieving. Follow
up nice comic group reading focusing on central
problem -~ light and reflection. Work-sheets
interesting - wall thought out -~ logical segquency.

This was great but for one simple fact of science
{(i.e. light travels in straight lines) I think it will
be impractically expensive - maybe if put onto TV
could reach a lot of views, with a valuable message.

Not attempted
Use it in conjunction with the English teacher. The science
teacher cou ' go further and explain important science
concepts.

Not attempted.

As introduction to the topic.

Not attempted.

. What is your comment with regard to the stimulation of the

pupils?’ interest and the popularising of science?

Make science come alive again. Pupils realize that every
thing is full of science.
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Pupils’ interest is stimulated by viewing the video unlike
where you start by asking quections in a iesson.

Contextual learning -~ science is fun; science as useful
knowledge ~ science in relation to peer group interests all
ald in popularising of science.

Pupils would '/should be captivated by puppets and
fascination of spooks etc.

Not attempted.

It is very stimulating and hence can be used for setting
the stage (introduction)

Not attempted.

very good. Reinforcing the notion that stience is fun and
important. '

What 4o you think the attitude of both pre-service teachers
and primary schcool children could be towards this media?

Positive., Children know « lot of things already. Textbooks

.just pick out certain concepts not related to their own
=»world of experiehce, Concepts in textbooks are just facts
- and are exam/question orientated, Video is what pupils (and

TV romputers) are interested in. No bad things happen (no
kiliing or shooting}

It will be positive. The children will be interested by the
media and the teachers will enjoy it because the children
will be interested and gaining knowledge at the same time.
Very positive:

Teachers - viable and easily implemented resource.
Pupils - Concrete, fun experiences,

Good but highly unlikely to ke found in colleges and
schools especially rural schools.

Not attempted.

It depends on the type of teacher we are looking at. if the
teacher promotes rote learning in his class he will see it
as a time-consuming exercise. School children are nerely
dependent on their teacher.

Rat attenmpted.

Should be positive,

Not attempted.
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A.
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D.

E.

GI

H.

I.

How do you think the comic is related to the video?

Vary good especially for discussion of concepts afterwards.
Ceolourful.

The comic explain clearly all the action in the wvideq
because some nof the Words are nct clearing the video. The
comi¢ explains step by step what iz happening in the video.

Written illustrated record of video =~ which helps to
reinforce the language and the central concept of light.
Valuve of comic is that it serves to direct the at*ention to
the question of light. The video riveting er .rtainment
which could direct attention away from central concept the
useful style.

Basically the same.

Not attempted.

The comic relates well to the video and it helps toc make
things clearer in case there is anything you wouldn’t have
understood in the video.

Not attempted.

Good to have the written record of the video.

Not attempted.

11. Wwhat are the advantages of the comic over the video and vice

A'

versa?

Video is alive - auditorv and vision comic is necessary to
recall; for reading skills and language comprehension video
must be ~tion wide on TV. Classroom activities recall in
comic wom situation.

The or . or the video is not enough. The advantage
of the .iden is merely for entertainment but the advantage
of the comid is to give facts to the pupils.

Should be used in conjuncticn with one another - The videc
stim-” es, motivates, highlights peer group interest - The
comis. uaws attention to dialogue language and concept of
light.

Cheaper o produce. Don‘t need TV. and electricity to
present to pupils.

Not attazmpted.

Helps in learning not only the scientific concepts but also
the language (correct spelling)
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G. Not attewpted.

H. . Comic can be looked at / read repeatedly in own time, video
requires a video set and electricity. .

I. Not atteﬁpted.

12. Do yéﬁ think the comic can be used independent of the video
or the video independent of ‘he comic?

A. videos broadcast but will be double effective if comic is
usad afterwards because comic is reinforcement cf video,
egpecially becauss it is so colourful, neat clear script
with excellent wu...ivities,.

B. In case where the video is not available the comic can be
enough for information but the video must always be used in
cellaboration with the comic.

C. Sea Q12.
D. Tells the same story
E. Not attempted.

F. I think it is . best if they are used as a package meore
especially because the comic has certain activities which
the pupils can do.

G. Not attempted.

H. In the class situation the video is sufficient. But if
facilities are not available the pupils should read the
comic at home before the activities are tackled to
reinforce the concepts.

I. Not attempted.

13. What do you think are the disadvantages which the msdia could
have on the learning process of primary school pupils?

A, Use focus (beforehand) on main themes.

B. Since it is said that this programme takes the whol:2 vear,
I think it is too long to the extend that the children will
treat light for the whole year while other topics of the
syllabus are suffering. The children will 1like it is
interesting.

C. Ur..ss thz videco and comic are used in conjunction with
activities there is the possibility that entertaipment
value will override meaningful learning.
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D. Pupils could be sclved with the sﬁook part of the story
they miss the point of light travelling in straight iines.

E. Rot attaempted.

F. If it is not reinforced by discussion and by the use of
correct science terminology e.g. bouncing back is called
reflact.on maybe there might be problenms.

G. Rot attempted, '

H. There may be toc much other destructing happenings-and the
children may loose track of scientific r:slities.

T. Not attempted.

i4. What effect do you think this media could have on the
development of the light concepts on the primar: school
teachers?

A, Pupils will learn to observe these concepts in their every
day activities and their surroundings.

B. It will be successful in explaining some concepts.
C. Focuses on the need to teach facts in the context of

tne experience of the puplil.Bighlights the importance
of relating to peer group interests,

D. Useful ~ but a practical experiment outside (e.g. pred:ict
what will happen wheu I put light herse & mirrors here,
Place mirrors, cbserve what has heppened, how 4id . it
happen, draw sketch of path of 1light) <could achieve
same/better results as pupils are personally involved,

E. Not attempted.

F. Stimulate observation and relating everyday th ys which
actual concepts

G, Not attempted.

H. If the teachers do have any misconceptions about jyht this
program should manage to clear tnis up.

I. Not attempted.
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APPENDIX P

STRTIARY OF PUPILS’ RESPONSES TO DIAGNOSTIC QUESTIONS (Chapter «)

NAME of RAY T Y[PE ]S TOGTAL No.
INSTITUTION of PUPILS
1 R E 4 5 |6
MA 7 1 Y 30 (1 [39
NO .. 3 2 |4 0 20 10 |34
ST 118 9 o lo 22 10 |49
TS 28 1 3 8 15 |0 |62
CM 16 4 5 i 21 (6 |58
MO 2 0 1 0 1 |38

Key to ray types
1. Respondernts drew light rays from the sua to the trce, i.e, /

2. Respondents drew light rays from the boy and the tree i.e, Z/ /&

3.:1318 same a5 in 2 above but with a connective ray from the boy’s eyes to the

é
tree i.e.

4, Respondents drew light rays from the sun {o the boy’s eyes and then to the

tree i.e,

5. Respondents drew scattered rays from the sun i.e, _}\r

6. Respondents drew light rays fio.r the sun fo tree and then to the boy’s eyes

e, é—}

]

Table 4.1 Responses to Test No. 1 (Boy watching a tree)
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NAME of RAY TY PE||S TOTAL No.

INSTITUTION e of PUPILS
1 2 3 4 £ 61 .

MA 4 0 12 0 0 1|39

NO 3 4 11 2 1 3 {34

ST 2 0 19 0. 2 1149

TS 0 0 40 0 3 0 |62

CM 3 0 28 0 2 2 |55

MO 1 0 6 0 0 0|8

Key to ray types

1. Respondents drew light rays from the scurce to the first mirvor straight to

the trapped boy i.e, ““—>
12. Respondents drew light rays fromn the first mirror {o the second mirror and
then {c the trapped boy i.e.

3. ‘sspondents drew rays from the light source to the first mirror, then tn the

: 1
second mirror and finally tc .ue trapped boy i.e. N

4, The same as in 3 above but light is reflected back from the trapped boy to

the ﬁrfst mirror i.e. %

5. Light is scattered from tha source to beth the first and second mirror, and
" §

rays from the second mirror, tc the trapped boy i.e.

6. The same as iu S above but there is no connection hetween the two mirrors
. ~

Le. »

Table 4.2 Responsces to Test No.2 (Video aniaations)



227

NAME of RAY TY|PE|[S TOTAL No.
INSTITUTION of PUPILS
1 2 3 4 5§ lg

MA 13 5 12 0 0 1139

NO 1T 8 1 12 1 3 |34

ST 18 7 19 9 2 1 |49

s 122 8 40 0 3 0|62

™M 17 G 28 0 2 2 155

MO 2 0 I3 0 0 I0]8

Key to ray types

1. Respandents drew single rays from the light source to the reflectors i.e.

2. Responden& drew two rays, the tep one from the light source to the
reflector and the bottom one from the observer’s eyes to the reflector i.c.

—

3. Respondents drew one ray from the light source to the okserver’s eyes then
. §

to the reflectors i.e, 6—"'—‘

4. Respondents drew light rays fror the source to the observer’s eyes and

another ray from the observer’s eyes to the reflectors i.e.

5. Respondents indicated the rays are scattered from ihe source to both the

observer and reflecting objects i.c. / / l \\

6. Respondents drew from the light source to both reflectors and the
observer’s eyes, and another frrom the cbserver’s eyes to the reflector: i.e.

7

Table 4.3 Responses to Test Ng. 3 (Mirror and board)
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NAME of RAY TY|PE (S8 TOTAL Ne,

INSTITUTION of PUPILS
. 1 2 3 4 5 6

MA - 14 13 0 3 1 1139

NO b 14 5 2 2 0 |34

ST 8 26 0 2 11 10 (49

TS Z 34 2 1 5 0 162

CM 3 39 0 0 12 11158 |

MO 3 s 0 0 0 018

Key to ray types

—¢

1. Respondents indicated parallel rays emited from the torch i.e E <—

2, Respondents indicated divergent rays from the torch i.e “:/’.

3. Respondents indicated si:ng!e“!ioriznntal rays from the source i.e

{4. Respondents drew rays which hent downwards i.e i

5. Respondents drew rays which bent upwards i.e \—
I I —

6. Respondents drew a combination of 4 and 5 aboveie X .

Tabie 4.4 Responses to Test No. 4 (The boy holding a torch)
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