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ABSTRACT

This stug investigated the efficacyf improvised apparatus in the teaching of

selected Physictopics when they were used asipplemerd to the conventional

ones.It also investigated the need for improvisation as well as the frequency at

which teachers used improvisegparatusThe objectives were tcestablish the

need for i mprovisation in Physics at ML
establish how often teachers used improvised apparatus in the teaching of physics at
Mukamambo 1|1 Gi r |l s6 Sydetermidethe gfficaBycofthe o | anc
improvised apparatus teachingsomePhysicstopics when they were used as a
supplement to conventional ones. A total of 100 grade 11 pupils and 4 teachers of
physics, constituted the study samplee study used the ptest posttest control

group experimental design. Both quantitative as well as qualitative data were
collected using the following instruments Pupi | sé6 Test s, Obser
Focus Group Discussion, P u pQuanstaiivedatad T e a ¢
were analyseth MS Excel,by comparing the means generataod the calculated t

value tothe appropriate table value at(05 level of confidence, while qualitative

data were analysed using theme&le findings of the study revealed that there was
great need for i mprovisation at Mu k a ma mk
school had inadequate apparatus. Furthermore, 96.0% of the participants suggested
that teachers used improvised apparatus most frequé&httyfindings of the study

revealed thiawhen improvised apparatus were useteaching some selected topics

in Physics results of learners improved by 11.8Vhis increase in performance by

the experimental group waan indication of the efficacy of improvised apparatus.

From the stug, the following recommendatian were made: Firstly, even if

improvised apparatus showed high efficacy, teaguld always be used together

with conventional ones in the teaching of physscondly,we recommend that

this approach be adopted for teaching of $/ty/in schools which do not have

enough apparatus in Zambia. We also recomnteedmethod be tried in other

science subjects.

Keywords:Efficacy, Improvised apparatus



DEDICATION

| dedicate this study to my late parents, Godwell and Grace Sichone frgpert
they gave me while we were living at Nakalume Farms in Musyani Village. Lastly, |
dedicate this piex of work tomy children Njavwa, Vwambanji, Twalumba and

Lumba for the support and encouragement they unknowingly gave me



ACKNOWLEDGEMENT

| wish to acknowledge many people that contributed so generously in terimesirof
time and expertise tthis research. Outstanding among thisnmy supervisor, Dr.

G. Kaulu who saw me through from the very beginning up to the end.

Secondly, | wish to thank ou€ourse Coordinator, Dr. K. Nachiyunde for his
dedication in organising seminar presentations which made me to bdanased

especially at proposal writing level.

Thirdly, | wish to thank the entire department of Mathematics and Science
Education (MSE) fotheir willingness toguiding us during seminar presentations.
Without their input, this work would have been very difficult to accomplish. Their

critics, built confidence in me.

Finally, | wish to thank my friend, the late Mr. Chinonge Likonge for thepeut

and guidance he gave me.

Vi



TABLE OF CONTENTS

DECLARATION ittt e e e e e e et et bbb e e e e e e e e e e e eensanan e end I
COPY RIGHT e e e e et et et e e e e e e e e eeeaebeaa s ii
APPROVAL .. iii
ABSTRACT et a e e e e e iv
ACKNOWLEDGEMENT oot a e e e e eeenes U
TABLE OF CONTENTS ...t ee e Vi
LIST OF FIGURES ...ttt aaaeeeeaeees Xi
LIST OF TABLES ..o oot e e e e e e e e ee b Xii
LIST OF APPENDICES ... oot e et e et e e e e e e eeennns Xiii
ACRONYMS et e et e e e e e e e e et eeee b b e e e e e aaaeeenne Xiv
CHAPTER ONE ... ittt e e e e e e e et e et bbb rar e e e e e e e eeeeaanen 1
INTRODUGCTION L.t e e e e e e e e e e e te b e e e e aaeees 1
1.0 PrEaMIDIE. ..ot 1
2 T Tod (o [ (o 11 ] o TR 1
1.3 Statemendf the ProbIemL..........coo e 4
1.4 PUrpoSEf the STUAY.. ... e e 4
15 ReSearch ODJECHVES.........ooiiiieiiie e 5
1.6 Research QUESHIONS..........coooiiiiii e e e e e e e e e e e e e e e aaeaaaaaeas 5
1.7 Research HypOthesSIS. ........ooii e 5
1.8 Significancenf the STUAY........eeeiiiii e 6
1.9 DEIMITALION ...ttt e e e s e e e e e s s b neeeee s 6
N O 1 IR0 =i o TP PPPPRPPP 7
1.11 Theoretical FrameWOrK............ueiiiiiiiiiiiiieee e 1.
1.12 Conceptual FrameWOIK .............uuuiuiiiiiiiiiiiiiiiei ettt e e e e e e e e e e e e e e e 8
1.14 Operational Definitiorof Key TermMS.......coooviiiiiiiiiieeeeee e 8
1.15 Ethical CONSIAEIAtIONS.......ccciiiiiiiiiieie et 9
1.16 Chapter SUMIMALY......cciiiiiiiiiee et r e e e e e e e e aaaaaaaaaans 9
CHAPTER TWO L.ttt e et e et e e e e e e e e e e e e e e e e e e e e e e e e s e e e s e 10



LITERATURE REVIEW ... 10

2.0 INTFOAUCTION. .. ere e e e e e e e e e e e e e e e aeeeeaaeaaeeeeaaaeaaaanas 10
2.2 Need for improvisation in PRYSICS........ccccciiiiiiiiiiiiiiiieierceer e ne e 10
2.3 Frequency of teachers6é use of..i.Mprovi se

2.4 Effectiveness of improvised apparatus in teaching certain topics in Physics.17

2.5 CRAPLEr SUMIMALY. ...cciiiiiiiiiiee e e et e e e e s e e e e e e s e e e e e e annnneeeeeas 19
CHAPTER THREE ..o 21
RESEARCH METHODOLOGY ...ttt e e e e e eeeenes 21

3.1 OVBIVIBW. ..ttt ettt et e e e et e s e e e e anre e 21

3.2 ReSEarch APProach.........uee i 21

R B 1= T [ B PP PP PP 22

3 STUAY ATBA...... i ieieeiee ettt e e e e e s e e e e s st r e e e e e e e e as 22

3.5 StUAY POPUIALION........euiiiiiiiiiiiiiii e 23

3.6 SAMPIE SIZE. ..o 23

3.7 Sampling Procedure/TeChNIQUES..........uuiiiiiiiiiiieieieeeeeeeeee e 23

3.8 RESEArCh INSIIUMENLS.........uuiiiiiiiiiiiiie e 25

3.9 Validity and Reliability of an INStrument............cooocuvviiiiiniiiiiiiieee e 26

3.10 Negotiating Access to ReSearch SIteS........ccoviiiiiiiiieieiiiicee e 27

3.11 Da&t ColleCtion ProCEAUIE...........cccuiiiiiiiiie et 27

3.12 Data ANAIYSIS......uuiiiiiiiiiiiiiieiieeee ettt —————————— 30
CHAPTER FOUR ..ttt e e e e e e e e s 31
FINDINGS ..ot e et e ettt s s e e e e e e e e e et ettt aeeeeeeeeeeeesnnnens 31

ot R Lo (o To U1 1o o PRSP PPPTTR R PPPTPPRPP 31

4.2 Characteristics of RESPONAENLS:..........oooiiiiiiiiiir e 31

4.3 Qualitative Reseain FINAINGS..........ouiiiiiiiiiieeeeeee e 34

4.4. Research Question Number 1: Is there need for improvisation of apparatus for

teaching Physics at Mukamamh.o..l...Gi.BJ sb& Sec

4.4.1. Findings from observations made by the researcher...............cccvevvveeeeeeeee. 35

4.4.2 Findings from Focus Group Discussion (FGD)..........ccccoooeiiiiiiiiiiicccies 36

4.5. Research Question Number 2: How often do teachers use improvised apparatus in the
teaching of Physics at Mukamamb.o..l.1.38Gi rl sé

4. 5.1 Findings from.t.eac.her.sad..quest.BBnnaire

4.5.2 Findings fram.punpi.l.s.b..guest.i.ofdnaires

viii



4.5.3 Findings from the Observation Schedule............cccociiii 41

4.6 Quantitative Research FINAINGS..........ouvvviiiiiiieee e 43
4.6.1 Results from Prest for Experimental Group.............coocceiiivvvneivvinviniieeneeeee. 43
4.6.2 Pretest Outlier DeterminatioUsing Box Plot for Experimental Group............ 45
4.6.3 Postest Outlier Determination Using Box Plot for Experimental Graup....... a7
4.4 Results fronPretest for Control GroUp...........ccvvveveeeiiiiiieieeee e 49
4.6.5 Pretest Outlier Determination Using Box Plot for Control Group.................. 50
4.6.6 Postest Outlier Determinain Using Box Plot for Control Group................... 53
4.7 Comparison of the pre and ptessts results of the Experimental and Control Groups
USING BLEST .ttt e e e e e e e e e e s e a b r e e e e e s a b n e e e e e e e aan 55
4.7.1: Prefest tesSt CalCUIAtiONS...........coiiiiiiiiiiiiiee e 56
Formula 4.7.1 Calculations of the-talue of the Préest Results...............cccccevneen. 57
4.8 Comparison of there and postests results of the Experimental and Control Groups
USING BLEST .ttt e e e e e e e e e e e e e s r e e e e e e e b n e e e e e e e eann 58
4.7.2: PoStest ttest CalCUIAtIoNS. ..........ccoiiiiieiiiee e 59
Formula 4.7.2 Calculations of the-talue of the Pogiest Results...............cc.cceeeee 61
4.9 CNAPLEI SUMMALY....cciutiiieiiiieee et ee ettt e e e e e s e e s snr e e e e e e sannees 62
CHAPTER FIVE .. et e et e e e 63
DISCUSSION OF FINDINGS ... .ottt e e e e e eeanenens 63
5.1 OVEIVIEW. ...ceeiiiiiee ittt ettt e st e e e s e e e snnnneeesennneeesnnnneeens 63
5.2 Need for improvisation of apparatus in teaching of Physics at Mukama@hbo il | s 0
SecoNdary SCROQL.........c..uiiiiiie e 63
5.2.1 Discussion on observations made by the researcher..............cccccvvvvvvvvnnneee. 63
5.2.2 Discussion on findings from FGD.............cooooiiiiiiiiii e 64

5.2.3 How often teachers use improvised apparatus in the teaching of Physics at
Mukamambo I 1 Girl.s.6..Sec.ond.ar.y..S..h.o.065

5.2.4 Effectiveness of impvised apparatus in teaching Physics, when they are used as a
supplement to CONVENLIONAI ONES.........cooiiiei e e e e e e aaeaeas 67

5.2.5 Discussion of Results from Pre and Rest of Experimental and Control Gro6@s

5.2.6 Discussion of the Null Hypothesis:..............uuuiiiiiiiiiiiiiiiieeee e 68
CHAPTER SIX ..ottt sttt e et e e e e st e e s sbae e e e s nneeeeean 70
CONCLUSION AND RECOMMENDATIONS ..ot 70

6.1 OVEBIVIEW . ....tiiiie e ettt e e e ettt e e e e ettt e e e e e e sttt e e e e s s nabb b et e e e e e e ennnbbeeeeeeeeanns 70

{322 o] o o3 1113 [ o 1SS 70



6.3 RECOMMEBNUALIONS. ...cee ettt ettt et et et e e e e e e e e e e e e eaareeans 70

REFERENGCES. ... ..o 12
APPENDICES .....ooooiiiiii e 79
APPENDIX A et a e e e e 79
LABORATORY OBSERVATION SCHEDULE..........ooviiiiiii s 79
APPENDIX B ..o a e e e e e e e e e e e 82
APPENDIX C.eeee e 88
FOCUS GROW DISCUSSIONGUIDE..........ccooooiiiiiiiie e 88
APPENDIX Do 90
PUPI LSO RESEARCH QUESTILONNAILRE................ 90
APPENDIXE. ...ttt 95
APPENDIX Foooeeeeeee e 103
APPENDIX Gt 111
AVAILABLE APPARATUS IN THE LABORATORY ....ccovviiiiiiiiii s 111
APPENDIX H. .ttt e e e e e e e e e e e 114
RESULTS FROM PRE AND POST TESTEXPERIMENTAL GROUP)............... 114
APPENDIX L ..ttt 116
RESULTS FROM PRE AND POST TESTSONTROL GROUP)..........cccccvveennen 116
APPENDIX J.. ettt 118
T-DISTRIBUTION CRITICAL VALUES ... 118



LIST OF FIGURES

,,,,,,,,
""""""""""
//////////////////////

//////////////////////

,,,,,,,,,,,
""""

,,,,,,,,,,,,

/////////// s

Figure 4.12Posttest Box Plot for Control Grodpé e é é e € é é € é . é.. 53.

Xi

4 4

47



LIST OF TABLES
Table 3.1Results from Test retest of Instruments for validity and reltgBilé . . . 2 7

,,,,,,

Table 4.Tharacteristics by Class for Experimental Gouwpé é é é . é ..é .32

Table43Number of years at Mukamambo I I Girl

Table44ANu mber of years at Mukamambo I I Girl

Table 4.9Nonfunctional and lacking pieces of apparéatésé é é € ..é é € .35

Table 4.6Frequency of use of improvisegaratué ¢ ¢ ¢ € € € € € é . € .39
Table4d7ZExperi ence of teaching of @gh¥83 cs us
Table48Teacher sd use ofééiéngpérécévéiésée.d éapOpar at u
Table49Fr equency of teacherésédé éuésée.éiém4bdr ovi s e
Table 410 Frequency Table of the Rtest Results for Experimental Graup..¢ 44

Table 4.11Frequency Table of the Petste st Resul ts for..dxperim
Table 4.12Summary of Experimental Group Pre and Rest Results é é ...é 48

Table 4.1Frequency Tale of the Pretest Results for Control Groépé € ... .49

Table 4.14requency Table of the Petste st Resul ts f éeré . R2ontr ol

Table 4.155ummary of Control Group of Pre and Ptestt Results é é ..é ..€ 54

Table 4.16Pretest Results: Comparison betwebe Experimental and the Control

/////////////////////////////

Groupé@éeééeééeééeéecececeeeeeeeeéee . é.55
Table 4.18Pretestresulis ¢ é é é é é é ééééééééééé.éé .56
Table 4.1%Pretestresulté ¢ 6 € 6 6 6 € éééééeééé.eéé .é.h.

Table 5.1F i n a | Examinati ons Pass éra&téeé 66n Sci e

Xii



LIST OF APPENDICES

APPENDIX A e 79
LABORATORY OBSERVATION SCHEDULE........cccoeiiiiiii e 79
APPENDIX B ..o a e e e e e e e e e e a e e e e e 82
APPENDIX €. e e e e e e e e e e e a e e e e 88
FOCUS GROUP DISCUSSIOBUIDE........ccoiiiiiiiiiie i 38
APPENDIX Dot 90
PUPI LSO RESEARCH QUEST.L.ONNALRE. ..o 90
APPENDIX Bttt e e e e e e e e e e e e e e 95
APPENDIX Fo.ooeeeeeeeeee e 103
APPENDIX G 111
AVAILABLE APPARATUS IN THE LABORATORY ..ot 111
APPENDIX H. .ottt ettt e e e e e e e e e e e e e e e e e e e e e e a e 114
RESULTS FROM PRE AND POST TESTEXPERIMENTAL GROUP).......ccccccviivieeiinen. 114
APPENDIX L.ttt e et e 116
RESULTS FROM PRE AND POST TESTSONTROL GROUP).........cccoccvviiiiiiiiciiiieee 116
APPENDIX J. ittt e e e e e e e et e e e e e e e e e e e e e e e e eeaeaes 118
T-DISTRIBUTION CRITICAL VALUES ... ..ot 118

Xiii



FGD

GM Tube

HOD

ILE

IQR

JETS

MoE

MMA

MS

Q1

Q2

Q3

SPSS

ACRONYMS

Focus Group Discussion

Geiger Muller Tube

Head of Department

ImprovisedLaboratory Experimentation

Inter Quartile Range

Junior Engineers Technicians Scientists

Ministry of Education

Mixed Method Approach

Microsoft

Quatrtile

First Quatrtile

Second Quartile

Third Quartile

Statidical Package for Social Science

Xiv



CHAPTER ONE

INTRODUCTION

1.1 Preamble

This chapter introduces the study. It is presented in the following order: Background to
the Study, Statement of the Problem, Purpose of the Study, Objectives of the Study,
Research Qustions, Significance of the Study, Theoretical framework, Conceptual

framework, Limitations of the Study and lastly Operational definitions of key terms.

1.2 Background

According to the Ministry of Education (1996), Science and technology have had a
radicd | mpact on Zambiads economy and on t he
For this reason, science is not an optional subject in Zambian Secondary Schools.
According to Kaulu (2009), all pupils in high schools are expected to take at least a
science sulect. This is important so that they prepdo face the worldh a scientific
manner. Kothari (2004), contends that the ability to think scientifically and to
understand scientific processes is becoming a condition for survival. This entails that
the metlods of teaching science should improve so that learners can find science to be
meaningful and it can only be so when the necessary apparausavailable.
Unfortunately,laboratoriesn most ofschools in Zambialo not have enough science
apparatus (MoE1996). Hence, the need for improvisation in Physics and other
sciences because science only makes sense to learners whensteaake it concrete

using somdorm of apparatus.



According to Mohammed (2016)nprovisation had been a concept that had a#dact

the attention of many science educators in recent ydaBammed (2016)defines
improvisation as the provision of a substitute made from locally or readily available
raw materials for producing real or original equipment or materials. On the otlter han
Gaka (2012), defines improvisation as a process whereby some sophisticated and
expensive science materials are replaced by those made by the teacher or which he
caused to be made by some other individuals in order to achieve the objectives of his
sciene lessons. Furthermorbtibe-Abasi (2015), definesmprovisation with respect

to science teaching as the sourcing, selection and deployment of relevant instructional
element of the teaching and learning processes in the absence or shortage of standard or
accredited teaching and learning elements for a meaningful realization of specified
educational goals and objectives. This is important because many secondary schools in
Zambia today including the newly upgraded ones, do not $icieacdaboratories and
apparatus to perform experiments, but science has to be taught and learnt despite the
unavailability of the laboratories and inadequacy of apparatus. Therefore, if physics is
to be taught properly in these schools, not only competent teachers will be,agded

also schools that are adequately supplied with equipment and apparatus.

In the science class, teaching aids, whether, accredited or locally made, are needed to
suppl ement the teacherds or al explanatio
According toMboto et al, (2011),Hese scientific materials used in teaching enable the
students to become actively involved intellectually, perceptually and physically in the
learning procesdHowever, it is not easy for any government to provide all the n&eds

each and every school effectively. Balogun (1982), claims that no matter how generous

and rich an education authority might be, they are generally not always in a position to

provide their schools with all they need. Therefore, there is need to usevisepr



apparatus as a supplement to the conventional ones as is the case in many secondary
schools in Zambia. However, the efficacy of these improvised apparatus is not known

in the Zambian context. It is for this reason that this study investigatedfiteecgfof
improvised apparatus when they are used as a supplement to conventional ones in the

teaching of selected topics in Physics at

According to Jocelyn (2010Rhysics, is no longernaisolated subject. Therefore,
Physics teachers have an important task of ngakineir students realize thabyics is
everywhereThis means Physics can be learnt and taught anywhere, with or without
conventional apparatus. For this reasthrg, duties and responsibilities of an agera
teacherof Physicsaremore challenginghow than beforeThis calls for the teachers of
Physics to be morénnovative andcreative Good teachers of Physics should
equipped withnecessargcience skills and conceptBhis is important because a good
teacher of Physiasiust be familiar with the latest teaching strategies and techniques.
Jocelyn (2010) further suggests thatienceteaching may not be efficient and
successful unless it is done in a laboratory. A good laboratory has available equipment
and apparatus to be used by the studenpeformingexperimentsHowever it has to

be understood thaheseequipment and apparatus are not necesség\conventional
ones only, but they can even be the improvised asdeng as they serve the pur@os

of making pupilsunderstand the basic principles of physiéscelyn (2010) suggests
that the differencen performancebetween the pupils being taught using improvised

apparatus and those taughth the sophisticated ones is not that great.

As alreadystated, most publisecondargchools in Zambia have inadequate laboratory
equipment. The ruradecondaryschoolsgenerally have a limited range of equipment.
In case there is any, it is insufficietd serve thestudent populationAccording to

Ka pt iandgkimeli (2014)science simply belongs the laboratory, just asoking
3



belongs to the kitchen. From thisis evident that without Eboratory it is difficult for
teachers to engage students in practical activities, impacting negatively oistiostr
However, it has to be noted that even without a kitchen, food haspi@paredIn the
same way, without a laboratory, physics must be taught and learnt without any excuses,
possiblyusing improvised apparatus whose effectiveness is not knowme ilambian

context.

1.3 Statementof the Problem

Kira and Nchung42016)indicate thathe reasons for the poor quality techingand
academic performance of learners in science are the inadequacy and lack of teaching
and learning materials for densiration and the abstract nature of most of the concepts

in Physics. This makes the learners to perceive the concepts as difficult, hence, the need
for improvisation. There are several other studies that support these piea2013;

Jocelyn 2010; Milla2004, Muhammed 2016; Olufunke 2Q1®8Vhile improvisation is
required in the teaching of science, studies do not show the efficacy of improvised
apparatus in the Zambian context.is in view of this problem thathis study
investigate the efficacy of inprovisedapparatusvhen they were used as a supplement

to conventional onesn teaching of selected topics in physics at Mukamambo |l &irls

Secondary School of Chongwe District, in Zambia.

1.4 Purposeof the Study

The purpose of the studyasto investgate theneed for improvised apparatus, how

often they were used and their efficaayhen they were used as a supplement to

conventional onesin teachingselectedto pi ¢s i n Physics at Mu k

Secondary School.



1.5 Research Objectives

Theobjedives of the study were to:
) establish the need famprovisation of the apparatus in the teaching of
Physicsat Mukamambo I I Gi,rl sé Secondary .
(i) establish how often teachers use improvised apparatus in the teaching of
physics at Muk aondam8chooljand Gi r | sbé6 Se
(i)  determine how effective improvised apparatus are in teaching Pinjsics

they are used as a supplement to conventional ones.

1.6 Research Questions

The research questions for the study were as follows:

) Is there need formprovisation of apparatusfor teaching Physics at

Mukama mbo | I Gi rStheo®? Secondary
(i) How often do teachers use improvised apparatus in the teachify€s

at Mukamambo 11 Girlsd Secondary Schc
(i)  How effective are improvised apparatus in teaching Physics, wegratk

used as a supplement to conventional ones?

1.7 Research Hypothesis
The following null hypothesis asformulated and tested at an alpha level of 0.05

Ho: There is no statistically significant difference in the mparformance irscience
5124 (Physs) betweenpupils taught with improvised materialss a supplement to
conventional onesand those taught witltonventional materials only if they are

available



1.8 Significanceof the Study

The findings of this studynight be beneficialto the learnersteachersadministrators

educational policy makers as well as curriculum developers.

This study might benefit learners of Physics because they will be expossdvant
practical skillssuch as manipulative arabservational skillswhich are necessarfor
problem solvingAccording to Ministry of Educatioi2009, all topics in science can

be taught with a practical lesson. Therefore, this study might help teachers of Physics at
Mukamambo || Gi r | and othereschoats dnathre yourfig, ecomd
creative where improvisation is concernéthe outcoms of this studymight as well
provide school administratovgith someuseful information owayson possible causes

and solutios to learnerunder achievement iRhysics and otheé8ciencs in geneal.

If Policy makers and curriculum developers can have access to the findings of this
study, they may design the Science Curriculum in such a way that improvisation
becomes part of the syllabus. This, on the other hamdild also enhancepupil
performare in Integrated Science at Junior Level since improvisation can be done
anywhere regardless of the location of the scheiollly, it is hoped that the findings

of this study mightadd to the existing literature on the efficacy of improvised apparatus

in teaching Physics Worldwide

1.9 Delimitation

The study was conductedt Mu kamambo |1 Girl sé Secondar



1.10 Limitation

Being a student, the researcher had limited time in which this research was to be done
and so were unable to cover all the tessin more than one school. Therefore, since

the study was done in only one schalé&findings may not be generalised.

1.11 Theoretical Framework

This study was informed by the Sensory Learning Theory by Laird (1985), who
suggested that learning occursst effectivelywhen the senses of sight, hearing,

touch, smell and taste are stimulated. This is eagy possible in the teaching of

science subjects as opposedtheoretical subjestwhere some of the senses remain
dormant This theory is relevant asencourages linkingheory to practice, anthe use

of practical activities based around the subject and the areas of intettlesteairners.

The teacher is supposed to arouse | earner:
as fun as possiblehle achieving specific objectivel.the teacher is able tnakehis

or her teachingession fun and interesting, relating to all the senses, it willhelpr

her learners remember the topics better.science, this can only be achieved by

conductingpractical.

This theory is relevant to the study in the sense that it emphasises the stimulation of
certain senses for learning to take place. Since Physics is a practical subject, it implies
that learners should be taught Physics by giving them an opfgrto manipulate

certain apparatus. As learners manipulate these apparatus, certain senses are activated

as the theory suggests.



1.12 Conceptual Framework

[ TEACHING PHYSICS ]
[ PRACTICALS ]
L 2
APPARATUS
[ CONVENTIONAL } [ IMPROVISED ]

MEASURE OF EFFICACY

Figure 1.1Conceptual Framework

The successful teaching of Physics requires conducting of gatsctFigure 1.1
illustrates thatpracticals can only be done when apparatus are availékierther
suggests thatpgparatus can either be conventionainoprovised.Therefore the teacher

may choose to use either conventional apparatus ordgriventonal and improvised
apparatus. In this case, practical is a dependent variable since it can only be done when

the apparatus are available. On the other hand, apparatus are independent variables.

1.13 Operational Definition of Key Terms

In this study, the wr d fA Ef f it efleatinentess wfanaprovised apparatuben

they were used as a supplement to conventional iontesiching of selected topics in
PhysicsA Ef f ecti venesso referred to the abilit
performance in @.evel Physics and it was expressed as a percentagehe other

hand, A | Apparatu® meaet dubstituts for conventional apparatus which



were madeout of the materials that happened to be available atithat Lastly, the

wor d i A prefara toses & equipmento beused for a particular purpase

1.14 Ethical Considerations

Creswell (2011) suggest that it is important to respect the site in which the research
takes place. There are several reasons why it is important to adhere to ettmsalm
research. Ethical norms promote the aims of research and the values that are essentially
to collaborative work. According to David & Resnik, (2015), ethical norms make
researchers to be held accountable to the public, build public support focheard
promote a variety of other important moral and social values. For this reason,
participation in this study was voluntary. Consent forms were provided to the
participants that were willing to participate in the study. Anonymity was respected by
the researcher. All the instruments were administered and collected by the researcher.
Additionally, all the instruments used were approved by Uinéversity of Zambia

Humanities and Social Sciences Reseé#ttiics Committee

1.15Chapter Summary

According tothe Examinations Council of Zambi2016), performance of students in
Physics and othescience subjects has often bgmor There aremany factors that
make pupils perform poorly. According fileshi(2012),poor performance is partly
blamed on the ineasing schoolenrolment without a corresponding increase in
teaching equipmendue to high cosand lack of improvisation by most Teachers of
Science In most cases, it is nqossible to procure adequate equipment for teaching
and learning hence the needor improvisation. However, the efficacy of these

improvised apparatus not known in the Zambian context.



CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

The literature was reviewed under the following headihged for improvisation in
Physics at Mua ma mb o | | Girlsp BSeequdacy &t hoelac
improvised apparatus in thieaching of Rysics and lastlgffectivenes®f improvised

apparatus in teachirgglectedopics in Physics.

2.2Need for improvisation in Physics

Science can playnany different roles in someone's life. According to Millar (2004),
school science has two distinct purposes;
students as a preparation for active citizenship; and secondly to provide the foundation

for further study of science for those students who may wish to follow careers that
require this. It is clear that for both p
is a necessary aim. The two purposes according to Millar (2004) may lead to differen
choices about the areas of knowledge which should have priority, and the depth of
treatment required. For these aims to be achieved, science has to be taught practically

using necessary instructional materials.

Instructional materials are materials used impact knowledge into the mind of
learners,Millar, (2004). These materialcan either beaudio, visual or audicvisual.
According toJohnson, (1994)improvisedinstructionalmaterials are those teaching
and learning materials produced using locallyikble resources with the help of
experts.Experts in this case can be the teashearners and any other person who is

given clear instructions on how to make such materials.
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According to Sileshi (2012), Physits an experimental, observational anddeatory
oriented field of studytherefore, Physic¢essons must be formulated to reflect this.
Currently there is an urgent neederywhere in the world to have levost instruments
and lowcost experiments for teachir@riencesThis situationis espeaclly serious in
developing countriesuch as Zambia where most schools have insufficient apparatus
Sileshi (2012), furtherindicates that despitehe various efforts, shortage of school
laboratory apparatus continues to b@aor problem which should lz# serious future
concern.This is so becaudearnersacquire more informatiowhen they do hanesn

activities which are possible througbnventional and improvisedaterials

According to Zacharia (2007)studentshave difficulties in understanding saitific

concepts across all ages and levélss is confirmed byhe Examinations Council of

Zambia (2016), which suggests thttysics is one of the science subjects thahy

students usually findchallenging and this is why students usually have low
achievement in the subjedChallenges associated with low achievement do range from

the way it is taught to the way it is learnt. Aina (2Q12)ggests that the teaching of

Physics in schools has not been encouraging duts &bstract naturandthat is why

the use of instructional mat er.iTteedbstracgt s nee
nature of Physics suggests that it must be taught practically even though there are

inadequate apparatusmost of the schools

Whilst real experimentation witconventional laboratory apparatus and equipment is
desired,many schools in developing countries face challenges of limiessburces
particularly financial resources for acquiring apparatus and materials for imparting
effective and efficient science ezhtion Zacharia (2007)Despite these challenges of
shortage of materials and apparatus, science has to be taught in these schools.

Improvised Laboratory Experimentation(ILE) has beenused as a remedy to the
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situation at hand Zacharia (2007) Improvisaton, therefore,is a pedagogical
intervention strategy that teachers may use to address sHitilations by being
resourceful in the manufacture and use of locally available materials where
conventional equipment and or apparatus may be inadequate availatble at all
Inyenga & Tompson (2002). Lowcost materials produced through improvisation are
not an attempt tgrovide a watered down science education, but low cost in the
mentioned sense is highly creatigad highly productive, provides opportties for
creativity and development of manipulatiabilities and concepts are learnt and
internalized by concrete and unspectacular work theoteeding with chalk and
teacher talk in teaching scienémpro,(2005).Since learners may also be involved i

the production of these improvised apparatus, retention of knowledge is likely to be
higher.According to Zarewa, (1991), improvisation helps to chadgeu d attitudes 6
towards science. This portrays that if we can encourage students to parthlee
improvisation exercise, they stand a better chance of having a positittedinal
change towards sciences. Therefore, students should be engagedcollgbion,

assemblingindfixing of some basic andorinjurious items foimprovisation.

While it is necessary to engage pupils in the production of improvised apparatus, it has
to be noted that not all apparatus can be improvised not even by the teacher as well as
any expert. For example, a good teacher can improvise a circuit board, simple
pendulum, bmetallic strips and many other apparatus that can work perfectly well
However it might be impossible for a teacher of science to improvise apparatus such as
a voltmeter, ammeter, Geiger Muller Tube and many other complicated apparatus
which can work awell as the conventional oneldencethe need for combining the

improvised apparatus with the conventional ones.
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Improvisationis vital because itends to remove abstractiamlearning theoriessthe
products of improvisation are tangibleeal handy ad concrete.In most cases,
improvised apparatus areafe to use during demonstrations agperiments. The
product must not beapable of inflicting injuries on the user or person operating it.
Improvisedinstructional materials should be used effectivielyeachingPhysicsand
other science subjectsnot only at Secondary School level, bat all levels of

education.

Mi ni stry of Educati on ( 2 a8atiénal)cyrricyumtreguirasst c | e
learners tadevelopinquiry and problem solving skdl. It furthersuggestghat in order

to develop the skills, an emphasis is being plas®dnlyon minds, but also handas

activities. However due to inadequate and in some cases a complete lack of
conventional apparatus and materials worsened by tEHags sizes, improvisation is
employed.According toKapt i ngoei a n kRhysiksi andeothér teécBets o4 )
science should strive to improvise apparatuBich are notavailable in their
laboratoriessince improvisation makes learners appreciate thaiorship between

classroom instruction and their day to day encounters due to the fact that improvised
apparatus are mainly adopt edHoWwever,mimushe | ea
be noted that improvised apparatus are made by human hands, rtherefs

practically impossible to improvise the apparatus forehtre class of about sixty to
seventylearners as it is today in most Government Schools. Therefore, for large
classes, improvisation can be difficult if pupils are to be put in smalipgrdor

effective teaching and learning

While it is true that improvisatiomakes learners appreciate the relationship between

classroom instruction and their day to day encountkesneed for improvisation, as
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well aswhich pieces of apparatus weaeking, in mostZambianschoolsis not known

Hence leaving a gap which this research sought to bridge.

23Frequency ofofimgravisetd apasaius inutlsedeaching of Rysics

The teaching approach that a teacher adopts and the available mdwermsshe
teaches with are factors that may affectt u d eachieverdent, Mills (1991).
Consequently, the use of appropriate teaching materials and teaching methodology is
critical to the successful teaching and learning of Physics. According to Kibett &
Kathuri (2005), students that are taught using project based learning out perform their
counterparts in regular teaching apprqdon example lecture method, demonstration
method and many other methodsoject based learning is the type of learning where

hands on activities are encouraged.

In spite of many studies being conducted in examining different teaching
methodologies adopted in Physics class for example, Bello (2011) found out that using
small group cooperative teaching method facilitated students e ar ni ng i n Ph
only does cooperative teaching facilitate learning, but this method also increases
student s6 mo thysicaa Bellod2011} furthet seiggests th& below average
studentsé were found t o monethan these io regularh e i r
teaching method class. However, cooperative teaching in countries like Zambia may

not work effectively in all schools because of sevefattors such as ow@nrolment
inadequateteaching and learning materials aladk of infrestructure These factors

have made teachersd efforts of i mprovisatd.i

Since practical work is the basis of teaching in all science subjects, it implies that
science subjects can only be effectively taught under conditions where there is an

adequate provision of teaching and learning materials. The Ministry of Education
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(MoE) realised the need for adequate provision of science teaching and learning
materials as early as 1992 when it indicated that the priority in resource allocation, in
secomary school be given to the rehabilitation of science laboratories and specialist
rooms, provision of text books and other miscellaneous science teaching aids, and re
equipping science laboratories and providing consumables, MoE (1992). This implies
thateaching science with necessary teaching
of the conceptsAccording toMboto et al (2011)teaching aid$n the science class, are
needed t o suppl ement t he teacher 6s or al
experiencesKulik (1992), notedthat for Physics and other sciences to be understood
better by all, there is need to emphasts instruction in secondary schools through
practical approachHowever,for various reasonggaching aids may not be available

when they are needeanhd as a result, teachers may end up teaching using some
methods of teaching such as lecture method, which results in low retention of

knowledge by the learner, Muzumara (2000)

AAdditionally, Martin et al, (1997) explains that rather

tan putting fully formed knowl edge i
minds, the teacher should guide them in constructing

knowledge through scientifically valid approaches.

Thus a teacherof physics with a constructivist

instructional philosophywould notencouragdearners

to memorse rote information but give them

opportunities to meaningfully construct knowledge

through active participation and interactian.

This entails that all physics lessons must be taught with a practical if meaningful

learning is to be achieved@herefore, teachersf Physics have an important task of
15



making their students readi that Piysicscan be taught and learnt avtyere.And as

such, each and every lesson must have a practical. This means that the teacher should
always use practical inaehing, by either using improvised, conventional or a mixture

of both the improvised and conventional apparafins broadenig scope and nature

of teaching Rysics has made the duties am$ponsibilities of an averagehysics

teacher more challengingah before Jocelyn (2010)Thus, a teachesf Physics must

be innovative and creativ@his means that a teacher dfyBicsmust be equipped with
science skills and concepts and must be familiar with the latest teaching strategies and
techniquesMost of hese strategies and techniques can be successfully verified in a
well-stocked science laboratory. Unforturedy, most public secondaryand high

schools have inadequate laboratory equipmiglmistry of Education (1996) puts it

clear thatrural high schoolsare generally considered to have a very limited range of
equipment.However, Ministry of Education (2000), encourages teachers of science
never toresortto théi ¢ h-ad k k 0 me t hleathersarb a&sked to tedd dodbr

simply listen to lectures ahwrite the results of normal experimemssituations where

there are no or limited apparatus. This means that teachers of science must perform
practicals as often as possible. Teachers of science may want to teach each and every
lesson with a practicabut because they have to improvise in most cases, and because
they have the heaviest teaching loads, it might be very difficult because of inadequate

time to prepare.

To overcomethis situationwhere Hand€On activities are avoidedeachersf Physics

need to use theiresourcefulness tmakeequipment from lowcost, local and discarded
materials.Sileshi (2012), further suggests that lwging locally available materials,
most school experimental lessons campédormed in a very short time, often witb n

or low financial input and without long sessiongpoéparationFor ths to be possible,
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teachers of Rysicsmust use any available resources and encourageld¢henersto

participate in the making of ¢happaratusAccording to Jocelyn (2010), if the
improvised apparatus apFopely construced they can perform as efttively as the
conventionalones For this reason, alllysics lessons regardless of the topic being

taught, aresupposed tte taught using an experimeMartin et al.,(1997)claimsthat

if we base our teaching of science with locally availabégerials it will make learning

by doingpossible even when the conditions for teaching are cmtducive.This is

|l i kely to increase the teachersdapphratesquenc
and hence making the teaching of science more enjoy@bhpite the importance of
conducting practicals and the fact that all science lessons have practical components,
the frequency of teacher sd us eisnotfknownmpr ov i
how often teachers of physics at Mu k a ma mt

improvised apparatus if at all they do.

2.4 Effectiveness of improvised apparatus in teaching certain topics in Physics.

Improvisation is always a better optiontime absence or inadequacy of conventional
teaching and learning apparatus. HoweWwboto et al (2011) suggests thator an
improvised apparatusto be valid, it should provide the desired results expected,
improve the lessoeffectiveness and reduce rmnimum the risks associated with the
usage ofthe apparatus Therefore, the efficacy of improvised teaching apparatus is

measured by the results it produces as well as its safety when in use.

AKira and Nchunga (2016) suggest that the use of improvised
instructional materials to run practical lessons had refined

and broadened teacherso knowledge on ¢

17



of sut local materials to carry out Bsics experiments in

Communty Secondary School s. o

This can be trudecause before you improvise,uyoeed to read the theory on what

you need to improvise, hence broadening the knowledgse of the teacher
Additionally, Kaulu (2008), suggests that locally made teaching aids have the potential
of motivating learners into liking a particular subjecttapic, improve punctuality of
learners as well as increasing the desire to share ideas when it comes to problem
solving. This is so because learners will pay maximum attention to observe how a

particular piece of improvised apparatus works.

Mboto et al, (2011), provides the qualities of a good improvised apparatus, while Kira
and Nchunga (2016), discuss how improvisgmparatuscould refine and broaden
teachersé knowl edg@wolabiCamd Qginre (2042)dseuss the a n d ,
importance of accuracy antecision in the science experimeHbwever, noe of the
researchers above have stated the efficacy of the improvised apparatus in the teaching
and learning of Physics, when they are used as a supplement to the conventional ones.
In short, little if any,is known about the efficacy of the improvised materials on
teaching and learning of science, therefore, leaving a gap in knowledge that could be

bridged by this research.

With the lack or inadequacy of conventional teachamgl learning materials in most
schools, hand®n activities have been scanty in most classrodusording to the
Ministry of Education (2009),he idea of improvisation has not been well managed.
The implementers of the curriculum, who are, in most cases, the teadharsthat
they have very little time to prepare the low cost material for their les3dnsis true

because according to the Ministry of General Education (2016), every teacher should
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have a minimm of thirty two (32) teaching periods per week, with each period having
(40) forty minutes.This translates to One Thousand, Two Hundred and Eighty (1,280)
minutes per week. This means that a teacher of science will be teaching for slightly
more than twenty one (21) hours per weBkis teaching load is toeigh if the teacher

is required to make teaching aids for each and every lesson. Now, since the idea of
improvisation is not well managed in Zambia by teashof sciencethe efficacy of
improvised materials, when used as a supplement in the teaching of Physics and

Sciencen general, needs teebnvestigated.

2.5Chapter Summary

Literature has pointed out that in many schools, spmees of apparatus are not
available.However, literature does not reveal exactly whighes of apparatus arst
availablein the bhboratoris in the teaching of lsics. This leaves a gap which this

research investigated.

Additionally, literature reveals thenportance of improvisationsf apparatus in the
teaching of Rysics and other science subjects. Literature indicates that improvisation
of apparatus improves creativity in the learners if they are involved in thegnatkthe
improvised apparatusmprovisationalso r oadens the teachersbo
the teacher needs to read the theory behind the workindpeofapparatus to be
improvised. Improvised apparatmkes learning exciting and above all, improvisation

of apparatusmakes planning of the work easy as minimal resources are required.
However, little if any, is known about how often the teachers of science in the Zambian
context use the improvised apparatus as a supplement to conventional ones. This

therefore, leaves another gap which this research addressed.

19



Furthermore, literature reveasome ofthe qualities of improvised materials and
reasons why improvised materials awecessary, but no literature reviewed specifies
how effective and saféhe improvised materials are when used in the teaching of
Physics, hence leaving a gap to investigate the efficacy of these improvised apparatus

when they are used as a supplemenbtwentional ones.

20



CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Overview

The chapter discusses thesearch approachesearch design, research study area or
site, study population, study sample, sampling techniques, instruments used for data

collection, procedre for data collection and data analysis.

3.2Research Approach

There are two main approaches to a research probleese are quantitativend
gualitative approaches. Tlapproachesan be used independently or as a combination
of both quantitative and uglitative. According to Creswell (2003)gquantitative
approach is one in which the investigator primaurilsespostpositivist claims for
developing knowledgehat is cause andffect thinking, reduction to specific variables
and hypotheses amgliestios, use of measurement and observation, and the test of
theories,employs strategies of inquiry such as experiments and suraegscollects
data on predetermined instruments that ystlttistical dataThe last but not the least
approach is the Mixed Mebd Approach (MMA). MMA involves having both a

guantitative design and qualitative desigothari (2004).

This study employec& MMA.. It was mostly quatitative but with some quditative

aspects to address specific problescording to Creswell (2012MMA is suitable if

you are conducting an evaluation research. In this research, the researcher wanted to
evaluate the efficacy of improvised apparatus when they were used as a supplement to
conventional ones in the teachingsalectedPhysicstopicsat Mk a ma mb o | | Gir

Secondary School, hence, MMA became the most appropriate method.
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The quality ofMMA canbeenhancd, defendedand judge based on a concept called
legitimation, Onwuegbuzie & Johnso(R006). Brown (2014) defined legitimation as
At he edoewhichdMMA of integration of qualitative anduantitative research
strengthens and provides legitimacy, fidelity, authority, weight, soundness, credibility,

trustworthiness and even standing to the results and interpretatidihdAn

3.3 Design

Accordng to Creswell (2009)researchdesigns are plans and the procedures for
research thaspan the decisions from broad assumptions to detailed methatiga

collection and analysisTherefore, m order toanswerdifferent research questions,
experimentablesignwas usedit involved conducting preest and postest of both the

control and experimental groups and most of the data that was collected was
guantitative in nature. Therefore, Experimental Desiggs the most appropriate
research desigfor this research because the researcher wagxadine in depth, the

efficacy of improvised apparatus when they were used as a supplement to conventional
onesin the teaching of selected physics to

School

3.4 Study Area

This dudy was done in Chongwe District of Lusaka Province in Chalimbana area at
Mukamambo |1 Gi r | Fhs s@eoki situhtad close BocChatinobana
University. The School is about 8 kilometers away from the Palace of Chieftness
Nkomeshya Mukamambid, after which the school was named. It is about 1 kilometer

off Chalimbana Road.

22



3.5 Study Population

Mukamambo | I Gi r | s 6 G'decl@Omadsasr Bach Sfcthe @wlaskes h a s

has approximately 60 pupils. Therefore, the study population was E@pupils.

3.6 Sample Size

According toWhite (2005) asample refers to a group of subjects or situations selected
from a larger populatiorCresswell (2011) suggests that wisetecting participants for

a study, it is important to determine the sizethed sample you will needCresswell

(2011) further indicates thétis important toselect as large a sample as possible from
the population. The larger the sample, the less the potential error is that the sample will
be different from the populatiolizay (1996) recommends a minimum number of 30
participants if the results are to be meaningful. Howeves, Sample sizdor this
particular researctcomprise o f 100 Grade 11 pupils at
Secondary School and teachers of Physics from tteame school, a total of 40
participants The sample size used was slightly more than three times the minimum
recommended sample size, an indication that the results that were obtained were

meaningful.

3.7 Sampling ProcedureTechniques

The researcher use&imple Random Sampling technique to select the 100 pupils that
took part in the study. According to Kasonde (2013), Simple Random Sampling
provides each participant in a population an equal chance to be selected as a study
sample. Additionally,Saunderset al (2012) suggests thathére are two popular
appoaches that are aimed to minimighe relevance of bias in the process of random
sampling selection: method of lottery and the use of random nuntibéhss research,

the researcher used the method oftéry.
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In this study, only Grade 11 pupils were used because they had been at Mukamambo I
Girlsé Secondary School for fairly a |l ong
were not very busy during the time when the research was being conductex.efio

the best pupils to be used would have been the Grade 12s, but during the time the
research was being conducted, they were very busy with their final examinations
preparations. Grades 8 and 10 were not suitable because they were still new at the
schaml, while Grade 9s were also preparing for their final examinations, just like the

case with Grade 12s.

The researcher tydghe names of all the Grade 11 pupils thatewilling to take part
in the studyThose thatwverewilling hadfilled in the consentorm. Thereafter, names
on pieces of paper ave cut and folded. These pieces of folded papessewut in a
carton box for selection. Lastly, folded papemsrepicked randomly from the carton
box by choosing folded pieces of papers in a random manntar &fie namevas
picked, itwas announced and written down, and then the cartonvimsshaken in
readiness for picking of the next name. This contnustil all the 100 participants
were chosen. These 100 participanterey divided into Experimentaland Control

Groups.

To allocate the participants into classes, the reseavnaioge fifty E 6 ad fifty C 6 an
bottle tops. The 100 bottle topgere mixed in a carton box. Thene hundred (100)
participantswere allowed to pick the bottle tops at random. Thésat picled bottle
tops labelledE, were putin the Experimental Groupwhile those that piadbottle togs

labelledC were putin the Control Group.

When the researcher presented the list of the randomly selected participants to the Head
of Department{HOD), it was discovered that slightly over 80% of the selected 100

participants were also members of JETS Club. When these girls heard the
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announcement for free Physics lessons, they turned out in numbers to have their names
registered so that they coulddtlearning. The researcher, however, never knew which

of the participantsvere members of JETSlub. Members of JETS are usually advised

to read far beyond what they learn in class because of the nature of questions that they
encounter during quizzes @rOlympiads at District, Provincial and National JETS
fares. For this reason, random allocation of the 100 participants to the control and

experimental groups was necessary.

3.8 Research Instruments
The following instrumentgvere ugdfor data collection

A A Physicstest on topicshat the researcher had taught.
A physics test was administered in order to compare the achievements between
the control and the experimental grouPsiantitative data was collected.

A Pupils Questionnaire
Pupils answered differemuestions about how Physics was taught by their
teachersQuantitative data was collected

A Teaches Questionnaire
Teachers answered different questions about how they taught Physics to their
learnersQualitative data was collected

A Observation schedule
The researcher had observe how thachers were teaching Physics to the
leaners as well as observing how well stocked the Department of Science was.
Qualitative data was collected.

A Focus Group Discussion Guide
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Participants were asked a lot of questionsuabbmprovised apparatus and how
their teachers put into use of improvised appara@galitative data was

collected.

3.9Validity and Reliability of an Instrument

According to Kasonde (2014)nanstrument is reliable if it consistently gives the same

results when administered to the same people under the same conditions.

AReliability and validity are bound together in complex ways.
These two terms sometimes overlap and at other times are
mutually exclusive. Reliability is generally easier to understand
as it is a measure of consistency. If scores are not reliable, they
are not valid; scores need to be stable and consistent first
before they can be meaningful. In addition, the more reliable
the scores from an instrument, the more valid dberes will

beo, Creswell, (2011)

Therefore, toensure that the instrumentgere valid and reliable theywere piloted at
Lusaka Girl s 6ol i8dusaka Districty Fivepupils avere administered
with a Physics test which was used as ateseand Pogiest forthe Experimental and
Control GroupsThe pupils in the pilot study were identified as P1, P2, P3, P4 and P5.

Table 3.1shows the results from the Pilot tests
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Table 3.1 Results from Test retestof Instruments for validity and reliability

Participant Teds marks in
Test 1Score(%) Test 2Score(%)
P1 23 25
P2 20 29
P3 50 95
P4 26 25
P5 21 30
Mean Marks 28 33

On the other handjuestionnaires were administeredtiam teachersof Physicsthat

wereselected purposively.

3.10Negotiating Access tdResearch Sites

The researchegot permission from the Dean of the School of Education to go and
research in Chongwe District. When the Researalegit tothe research siténe first

went tothe Head teacher before meeting the Head of Department for Natigaces

3.11Data Collection Procedure

The researcher dawo classes, namelgxperimental Grou@nd Control Group and
the members of the two classes were randomly alloc#&dr the learners were
divided into these classes, a fest was administetleto both classes he researcher
taught thetwo classes the same topics in Physics. The only differemsghat the
Experimental Groupwas taught usingconventional apparatus, witimprovised
apparatusas a supplementyhile the Control Groupwas taught using conventional
apparatusonly. In situationswhere conventional apparatus were not available for

certain topics, improvised apparatus were used for the Experimental Group as a

27



supplement to discussion and lecture method of teaching while the Cordrgd (sed

the same teaching strategies but without any improvised apparatustopige in
Physics wergaught to each of the two classes in a period of 4 weeks. Each class learnt
3 times in 1 week, with a duration of 1 hour 20 minutes per day. The tbpics/ere

taught were those that learners had not yet learnt in class. These were:

i. Energy

ii. Simple Machines

iii. Thermal Physics

iv. Waves

v. Electricity

Thereafterthe researcher administerdge same test to both classes on the same day at
the same time, but in diffent rooms. Thisvasf ol | owed by admini st
guestionnaire Finally, the researcher administerqdestionnaire to the teachers of

Physics

Data was ollected using questionnairéQuestionnairesome in manylifferent forms

They rangerom fadual to opinion basedndfrom tick boxes to free text responses.
According to Milne (2009), questionnaires are often viewed as quick and easy to do in
addition to the fact that responses from questionnaires can be gathered in a standardised
way. Questiomairesare often more objective as compared to interviews. This mode of

data collection was therefore, preferred by the researcher.
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Milne (200) further suggests that it generallyquickerto collect information using
guestionnaireeven thoughn somesituations they can taka long time not only to

design but also to apply and analyse

Since questionnaires were used to wbtaumerical data, the researcher wished to get

the viewsof individual participants othe use of improvised apparatus as a supete

to conventional ones. For this reason, the researcher decided to use another method of
data collection so thdt e a r wiesvs sodld be captured. Focus Group Discussion,

(FGD) method was therefore used

According toMorgan (1997) the method of inteiewing participants in focus groups
comeslargely from marketing research but has been widely adaptextitale social
science and applied research. The groups are genarathposed of 7 to 10
participants although groups range from as smalldago aslarge as 12articipants

who are unfamiliar with one another and have tmsacted because they share certain
characteristics relevanttoteet u d y 6 s WjtkireandAitsohold(1995) suggests

that FGD as amethod of data collectignis frequently used to collect idepth
gualitative data in various descriptive studies such as case studies, phenomenological
and naturalistic studied=GD provides a chancefor the participants to talk to one
another about a specifigroblem which is being studiedhe researcher guided the

discussion to make sure that only relevant issues were discussed.

The researcher chose to incorpofa@D because thenethod is socially orientedpood

for studying participants in an atmosphere more natural than artificial expé&imen
circumstances and more relaxed than a-torene interview. According to Morgan,
(1997), FGD when used together \hitparticipant observation, bothecome more

useful for gaining access, focusing site selection and sampling, and even for checking
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tentatve conclusions. Morgan (1997), further suggests @D allows the facilitator
the flexibility to explore unanticipated issues as they arise in the discussion and as a

result, thevalidity of the results becontagh.

According toRiessman, (2002FGD as a method of data collecti@assumes that an

i ndi vidual 6s at noiform id e gacuamireopleoftdn ineed te listdro

t o ot her s oundegtandings to ®©rm @heidowim most caseghe questions

in aFGD arerelativelysimple;thet r i ck i s to promote the pa

their views through the creation of a supportive environment.

3.12Data Analysis

Data Analysis is a process of examining what has been collected in a research and
making deductions and interferencésccording to Kombo & Tromp (2006, data
analysis involves uncovering underlying structures, extracting important variables,
detecting any anomalies and testing any underlying assump8ore his research

employedaMMA, datawas analysed bottualitatively and quantitatively

Qualitative data were collected from FGD, Observation Schedules and Interview
Guidesand was analysed thmatically On the other hand, quantitative data were
collected from questionnaseand the pre and pegsts given tdoth the Eperimental

and Control Groups and were analyd®d comparing the means generatedM®
Excel, and the calcated tvalue to the appropriate table valaé p=0.05 level of
significanceas illustrated irFigures 4.1, 4.2, 4.4 and %, as well as in Tables} 4.7,

4.9 and 411. Additionally, data from questionnaires was analysed by SPSS version 20

and tke results are shown in Table 4.2 to Table.4.3
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CHAPTER FOUR

FINDINGS
4.1 Introduction

This chapter is divided into four main parts. The first part givesctiaracteristics of
the respondents that took part in the study. The second part has findings from the

teachersdéd questionnaires and what the res:

Sciences at Mukamambo || Gi r Inswas uSeeldoo n d ar
answer the first question of the study. T
and pupilsdéb questionnaires and observat.i

observation schedule. These findings were used to answer the secomohqufeste
study. The fourth part presents the test performance of the experimental and control
groups in the préest and the pogest. It also contains findings from tR6&D between
the researcher and the pupils. This information was used to answviteirdhguestion of

the study.

4.2 Characteristics of Respondents:

Mukamambo 1|1 Girlsé Secondary School has
Yellow, 11 White and 11 Violet. After random selection of the experimental and
control groups, the followingumbers weresdected as shown in Table 4.2 and Table

4.3respectively. Theéableswere obtained from SPSS.
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Table 4.1Characteristics by Class for Experimental Group

Class Frequency Percent
11 Violet 6 12.0

11 Yellow 17 34.0

11 White 27 54.0
Total 50 100.0

Table 4.1above reveals that the highest number (27), 54.0% of participants for the
experimental group in this study were from Grade 11 White, followed by 11 Yellow
which had (17) participants translating to 34.0%. The least number of partsc{an

were from Grade 11 Violet. This translated to only 12.0%. After consultation as to why
most of the participants came from one class, i.e. 11 White, it was revealed that 11
White was in an Academic Pathway of the Curriculidnother reason why more
participants came from 11 White could have been that it is the class with the highest
number of JETS Club membefkhis could have motivated them to come and learn for

free.

Table 42 Characteristics by Class for Control Group

Class Frequency Percent
Yellow 8 16.0
White 31 62.0
Violet 11 22.0
Total 50 100.0

Table 4.2shows that 8 (16%) of the participants came from 11 Yellow, while 31 (62%)

of the participants came from 11 White. 11 Violet contributed 11 participants,
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translating into 22% of the pan@ants. As shown in the table above, the majority
(62%) of the respondents came from one class (11W). The two main reasons for this
could be that the class is in an Academic Pathway. Secondly, the majority of the
members of this class were JETS membersmsoediately they heard of free lessons,

a large number of them expressed interest apawed to the other two classes.

Table43Characteristics by number of years at

Schoolfor Experimental Group

No. Years Frequency Percent
1 12 24.0
2 29 58.0
3 2 4.0
4 7 14.0
Total 50 100.0

Table 43 shows that 12 (24%) of the participants had spent only one (1) year at
Mukamambo | | Girl sé Secon theaparticipahts had been  wh i
at Mukamambdor 2 years. Additioally, only 2 (4%) of the participants had been at

Mu k a ma mb o 1 Girl sé Secondary School f ol
Mukamambo | | Girlsé Secondary School for
14%. This shows that more of the Grade 11 pu{@b%) a t Mukamambo ||

Secondary School did their grades 8 and 9 from other schools.
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Table44Characteristics by number of years at

School for Control Group

No. of years Frequency Percent
1 2 4.0
2 34 68.0
3 6 12.0
4 8 16.0
Total 50 100.0

Table 4.4shows that 2 (4%) of the participants had spent only one (1) year at
Mukamambo | | Girlsé Secondary School, whi

at Mukamambo for 2 years. Additionally, only 6 (12%) of theipgnts had been at

Mu k a ma mb o 1 Girl sbé Secondary School f ol
Mukamambo 1|1 Girlsé Secondary School for
16%.

4.3 Qualitative Research Findings

Qualitative data was collected frofRGD and Observation Schedule. The researcher

had enough time to discuss with the participants on how Physics was taught at
Mukamambo || Girlsé Secondary School . Adc
the Department of Natural Sciences was stocked wiysigh apparatussenerally, the

findings from the quantitativeorrelatedwell with the qualitative findings. All the
discussions andbservations tend to bla the statistical findingsin the following
sectionfindings from the qualitative datavhich agres withthe statistical inferences

are presented
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4.4. Research Question Number 1ts there need for improvisationof apparatus

forteachingPhy si cs at

Mukamambo | | Girl sd Secon

4.4.1. Findings from observations made by the researcher

Mukamambol | Girl so

S evasoopehedrby Ch8limibaoaoUniversity, so

that its students could practice teaching at this school. For this reason, Mukamambo I

Girl sbé

teaching aids in most olie subjects ranging from textbooks, chemicals and apparatus.

S e c o adepeaded/ on Ehatinabank University for the supply of

Because of this dependence on Chalimbana University for the supply of Chemicals and

apparatus,

Mu k a ma mb o I

Girl sbo

patatum d ar y

for the teaching of Bysicsas slown in Appendix G. Table 4.8hows the name of

apparatus that are needed in the teaching of scidnteare not available in the

departmentaltsre room.

Table 4.5Nonfunctional and lackingp e c e s

Secondary School

of

appar

atus at

S/IN

Apparatus

Quantity

Functional

Non-Functional

Micrometer screw gauges

3

0

3

Beam balances

Ticker tape timers

Pulley wheels

Gears

Bicycle Pumps

DemonstratiorChimneys

Clinical thermometer

O©| 0| N o oo b~ W N PP

Bimetallic strips

[ERN
o

Water baths

R O] O O] O O o o N

o O O O O o o ol o

| O] O O] O o o o N
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11 Thermos flasks

12 Tuning folks

13 Concave lenses

14 Prisms

15 Optical fibres

16 Rheostats

17 Power packs

18 Car batteries

19 3 PinPlugs

20 Thermionic tubes

21 Cathode Ray Oscilloscopes

o Ol O O o o o o o o o o
o O O O O O o o o o o o
ol O] o O o o ol o o o o o

22 GM Tubes

Physics apparatuthat do not appear in Table 4ae available, but in very small

guantities such that using them without improvisation will prove to be very difficult.

On the other handal the four teachers of physics that took part in the study suggested

that they did more improvisation in Thermal Physics than any other topics in Grade 11.

4.4.2Findings from Focus Group Discussion (FGD)

In order to establish the need fonprovisationof apparatusn teachingPhysics at
Mukamambo || Gi r | sparticifaatsdarmg BGDyweres asked ol ,
mention some of the apparatus from the topics that they had covered with their teachers

in class, but had no opportunity of segisuch apparatus. In short, participants were

asked theWhgaesthgss csinapparatus are | ack

ansvers came up as indicated below:
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During the FGD, participant number A0O31 said she wanted to see how a micrometer
screw gauges use to measure the diameter oball bearing. When asked how the
teacher taught her, the participant said the teacher just drew the diagrdra of t
micrometer screw gauge on a flghart. When asked whether she understood, the
participant said she undtoodthe theory part, but never understood the practical part

beause she was not able to ugea micrometer screw gauge.

Another participant, number A022, claimed that she had not seen many of the real
apparatus physically. She said that she onlg see apparatus in the books as well as

those that teachers try to make.

When asked what exactly were the pieces of apparatus that were lacking in the

depart ment of science at Muk amambo | I Gi
laughter among the partipants as sne wer e hear d sdhinginthe A Ther

depart ment o. Participant number A041 vol

wished she could see and use: this was a bimetallic strip. She said this was important
because the teacher mengal that it was used in making of thermostats used in

electric pressing iron®lectric kettles, stovebgatersand many more other appliances

Another participanthumber A008 said she would have loved to use a tichEr timer.

The participant claimethat she did not even know ete in life a tickeitape timer is

used Actually she wondered why the teacher sperdtat time trying to explaint.

Most participantsupported her argument saying to be taught how the ticker tape timer

works was not neceary at all.

Participant number A038 indicated that she used to learn in one of the sthools

Ndola. She strongly agreed wiplarticipant number A008 that despite thbasa where
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she came from having very good |laoratory, she had never seeticker-tape timer

being used by anyacher. She wondered whether such apparatus existed in real life

Participant number A022 wondered whether a Water Bath was merely a container of
hot water being used to heat something. She said she got confused when hepteacher
Biology got a pot of hot water from the Department of Home Economics and said it
was a Water Bth. Meanwhile, her teacher ohy&ics used a beaker with a source of

heat under it and said it was a Water Bath. She said she wished she had seen the real

Water Bath.

Participant number A0O3 said that gid not know exactly what pieces of apparatus

were missing because when teachers go to teach, they always carry some apparatus. So,
as pupils, they did not know whether teachers make improvised apparatesctuing

because they are not there in the department or they make those apparatus to show that
Physics is easy. Others shouted tihare were no apparatus at gwhoolandthat is

why teachers laboadto make us understand.

Each time one participant idaanything about some pieces of apparatus that were
l acking at Mukamambo | | Gi r | saverwh@nirmgn d ar y
support from otheparticipants a sign that many pieces$ apparatus were lacking at

theschoo) confirming a greater neddr improvisation

4.5 Research Question Number 2: How often do teachers use improuise

apparatus in the teachingof Py si cs at Mukamambo 11 Girl s¢

In order to determine how often teachers use imprdvag®aratus in the teaching of
Phyds cs at Mu k ama mb o I Girlsé Secondary S

guestionnaires, pupilsd questionnaires ant
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45,1 Findings from teachersdé questionnaire

All the four teacher®f Physicsthat participated in the study agretitht they use
improvised apparatus when teaching physidse four teachers confirmed that they
used improvised apparatus as a supplement to conventional Tdree$our teachers
agreed thaimprovised apparatus couddld value to improve academic achieeernof
theirlearnersin order to ensure safety for the pupils tiae four teachers that took part

in this study suggested that they always tried their improvised apparatus before using

them in the presence of pupils.

Table 4.6Frequency of use ofmprovised apparatus

Frequency Percent
Always 1 25.0
Sometimes 3 75.0
Total 4 100.0

Table 4.6shows that one teacher always used improvised apparatus when teaching

physics while three teachers said they sometimes use improvised apparatus when

teaching.

Table 4.7Experience ofteaching of physics using a mixture of conveional and

improvised materials

Frequency Percent Percent
Interesting 1 25.0 25.0
Very Interesting 3 75.0 75.0
Total 4 100.0 100.0
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Table 4.7shows that of the four teachers that t@akt in the study, one teacher found
the use of improvised apparatus as interesting while three teachers found the use of

improvised apparatus as very interesting.

4. 5.2 Findings from pupilsd questionnaire:

Table 4.8Teacher® use of i mprovised apparatus
Frequency Percent

Yes 48 96.0

No 2 4.0

Total 50 100.0

Table 4.8shows that 96% of the participants agreed that teachers used improvised

apparatus when teaching physics.

Table 4.9Frequency ofteacher® use i mprovised apparatus
Frequency Percent

Always 4 8.0

Most Often 46 92.0

Total 50 100.0

Table 4.9indicates that 8.0% of the participants agreed that teachers always use
improvised apparatus while 92.0% of the participants indicated that teachers used

improvised apparatus most often.
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4.5.3 Findngs from the Observation Schedule

According to the observations made by the researcher, it was revealed that teachers of
physics at Mukamambo |1 Girlsdéd Secondary
did so most often. Additionally, it was revealeattbeachers oPhysics at this school

used improvised apparatus as a supplement to conventional ones. In most cases, it was
practically impossible tose improvised apparatus alone as it was almost impossible to

improvise all the apparatus.

The figuresbelow show some of the improvised apparatus that were used in thys stud

Figure 4.1 Screen, Object and lens holder

Figure 4.1shows an improvised screen and a lens holder. However, it was practically
impossible to improvise a convex lens, heetice need to use improvised apparatus in

conjunction with the conventional ones.
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Figure 4.2Circuit Board

Figure 4.2shows a participant using a voltmeter and an improvised circuit board. An
original circuit board costs slightly more that K1,50010a this one in Figure 48nd

Figure 4.4veremade at a cost of less than K5.00.

et

_ g
Figure 4.3Circuit Board
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Figure 4.4Circuit Board

4.6 Quantitative Research Findings

Quantitative dat a wa dionmioet dne thda peedandfposstan pu p i
that were administered to the participants. For each of the results that were obtained,
outliers were determined using the Box Plot. According to Abebe et al, (2001), Outliers

are points of the data set that do not seem to belong to the resdatdhes they differ

by a substantial amount from the rest of the data set. They can either be too low, or too
high. Outliers are often points worthy of investigation in order to understand why they

differ.

4.6.1 Results from Pretest for Experimental Group

Table 4.1 shows that most participants (15) in the experimental mrgot marks

between 41% and 50%
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Table 4.10 Frequency Table of the Pretest Resultsfor Experimental Group

Marks Frequency
071 10 1
117 20 2
2171 30 5
3171 40 8
417 50 15
517 60 13
6171 70 6
7171 80 0
8171 90 0
917 100 0

Figure 45 shows the same results in TableMdnbw plotted on a bar chart.

PRE-TEST RESULT FOR EXPERIMENTAL GROUP
16 15

14
12

10

Number of Candidates
(00}

Oto10 11t02021to3031to4041to5051to6061to70 71to80 81to9091 to 100
Marks (%)

Figure 4.5 Bar Chart for the Pre-test Results for Experimental Group
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4.6.2 Pretest Outlier Determination Using Box Plotfor Experimental Group

The following were the results from the Rest of the Experimental Group, arranged

from the lowest mark to the highest mark:

8, 14, 16, 22, 22, 26, 28, 28, 32, 36, 36,38,38, 40, 40, 42, 42, 42, 42, 42, 44, 44,
44,44, 44,46, 46, 48, 48, 50, 52, 52, 52, 52, 52, 54, 54, 56, 58, 58, 60, 60, 62, 62,

62, 62, 66, 68

The lower quartile, Q1 is 38, while the median QZﬂig;—M'=8—28:44. The upper

guartile, Q3 is 54
Q1=38 Q2=44 Q3=54
Minimum Value = 8

Maximum Value =68

Figure 4.6 Pre-test Box Plot for Experimental Group

IQR=0Q3-Q1=54-38=16
IQRx1.5=16x1.5=24
Lowerinnerfence= Q1- (IQR x1.5)
Lowerinnerfence=38-24
Lowerinnerfence=14

This means that any mark in the data set that is lower than 14, is an outlier. Since 8 is

lower than 14, but it is not very far from 14, it is called a Mild Ouitlier.
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Upperinnerfence= Q3+ (IQRx1.5)
Upperinnerfence=54+ 24
Upperinnerfence=78

This means that any mark in the data set that is higher than 78, is an outlier. From the

data set, no one got more than 78, hence, there were no outliers.

Table4.11shows that most participants J1i& the experimental grquof the postest

got marks between 71% and 80%

Table 4.11 Frequency Table of the Postest Results for Experimental Group

Marks Frequency
071 10 0
117 20 0
2171 30 1
3171 40 2
417 50 5
517 60 8
6171 70 11
7171 80 13
8171 90 9
917 100 1

When the rests in Table 4.11vere plotted on the bar chaRigure 47 was produced.
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POST-TEST RESULTS FOR EXPERIMENTAL GROUP

= = =
o ) N

Number of Candidates
o0}

0tol0 11t0o20 21t0o30 31to40 41to50 51to 60 61to70 71to 80 81to 90 91 to 100
Marks (%)

Figure 4.7: Bar Chart for the Posttest Results for Experimental Group

4.6.3 Posttest Outlier Determination Using Box Plot for Experimental Group

The following were the resultsdm the Postest of the Experimental Group, arranged

from the lowest mark to the highest mark:

28, 38, 40, 42, 44, 50, 50, 50, 52, 54, 56,3860, 60, 60, 62, 64, 64, 64, 66, 66, 68,
68,68, 7Q 70, 72,72,72,72,72,72, 74, 74, 76,78 80, 80, &, 82, 84, 84, 86, 86,

88, 90, 90, 92

The lower quartile, Q1 is 58, while the median QZQI%;—H) 1—28

=69. Theupper

quartile, Q3is 78

Q1=58 Q2=69 Q3=78

Minimum Value = 28

Maximum Value = 92
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Figure 4.8 Posttest Box Plot for Experimental Group

IQR =Q3-Q1=78-58=20

IQRx1.5=20x1.5=30

Lowerinnerfence= Q1- (IQR x1.5)

Lowerinnerfence=58-30

Lowerinnerfence= 28

This means that any mark in the data set that is lower than 28, is an outlier. In this case,
there were no Oultliers.

Upperinnerfence= Q3+ (IQR x1.5)

Upperinnerfence= 78+ 30
Upperinnerfence=108

This means that any mark in the data set that is higher than 108, is an outlier. In this

case, there were no outliers

Table 43 shows a summary of the results of the pre and posttests of the Experimental

and Control Groups.

Table 4.13 Summary of Experimental Group Pre and Posttest Results

Test Number of Participants Mean Outliers
PreTest 50 44.5% 1
PostTest 50 67.3% 0

As shown in Table 43, the mean score for the Experimental Group was 44.5% in the

pretest. After teaching these participants with Improvised apparatus as a supplement to
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the conventional apparatus, the pstt mean sge increased to 67.3%. The pass
increase between the piest and postest was 22.8%. One outlier was recorded in the

pretest. However, this outlier could easily be ignored as it was a Mild Outlier.

4.7 Results from Pretest for Control Group

Table 4.14 Frequency Table of the Pretest Results for Control Group

Marks Frequency
071 10 4
117 20 2
2171 30 3
3171 40 9
4171 50 17
5171 60 12
6171 70 3
7171 80 0
8171 90 0
917 100 0

Table 414 shows that before any lesson was given to the Go@Giroup, the majority

(17) of the partipants got between 41% and 50%.
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PRE-TEST RESULT FOR CONTROL GROUP

18 17
16
14
12
10

Number of Candidates

O N M O O

Oto10 11t02021t03031t04041t05051t06061to7071to8081to90 91to
100

Marks (%)

Figure 4.9 Bar Chart for the Pre-test Results for Control Group

4.8 Pre-test Outlier Determination Using Box Plot for Control Group

The following were the results from the Reat of the Control Group, arranged from

the lowest mark to the highest mark:

2,2,8, 10, 12, 18, 24, 28, 30, 32, 32, 34,36, 38, 40, 40, 40, 42, 42, 44, 44, 44, 44,

44,46, 46,48, 48, 50, 50, 50, 50, 50, 50, 52, 52, 52, 54, 56, 56, 56, 58, 58, GiD),

62, 68, 68
The lower quartile, Q1 is 34, while the median Q2£'+%£—46=9?2:46. The upper

quartile, Q3 is 52

Q1=34 Q2=46 Q3=52

Minimum Value = 2

Maximum Value = 68
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Figure 4.10Pre-test Box Plot for Control Group

IQR =Q3-Q1=52-34=18

IQRx1.5=18%x1.5=27

Lowerinnerfence= Q1- (IQR x1.5)

Lowerinnerfence= 34- 27

Lowerinnerfence=7

This means that any mark in the data set that is lower than 7, is an outlier. In this case,
two values are lower than 7, but they are not very far from 7, therefore, they are called
a Mild Outliers.

Upperinnerfence= Q3+ (IQR x1.5)

Lowerinnerfence=52+ 27

Lowerinnerfence=79

This means that any mark in the aaet that is higher than 79, is an outlier. From the

data set, no one got more than 79, hence, there were no outliers
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Table 4.15 Frequency Table of the Postest Results for Control Group

Marks Frequency
07 10 0
117 20 1
2171 30 3
3171 40 6
4171 50 9
517 60 13
6171 70 8
717 80 7
8171 90 3
917 100 0

Table 415 indicates that after participants were taught Physics using only the available
conventional apparatus, the largest number (13) of particigabtaarks between 51%

and ®%. This improvement could be due to the fact that learning had taken place.

POST-TEST RESULTS FOR CONTROL GROUP

Number of Candidates
(0]

0to 10 11 to 2021 to 30 31 to 4041 to 50 51 to 60 61 to 70 71 to 80 81 to 9091 to 100
Marks (%)

Figure 4.11 Bar Chart for the Posttest Results for Control Group
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4.9 Posttest Outlier Determination Using Box Plot for Control Group

The following were the results from theeRest of the Control Group, arranged from

the lowest mark to the highest mark:

20, 22, 22, 28, 32, 32, 32, 36, 40, 40, 44 461 A6, 48, 48, 48, 48, 50, 54, 54, 54, 54,
56,58, 58,58, 58, 58, 60, 60, 60, 62, 62, 62, 64,&%,68, 70, 72, 74, 74, 780, 80,

80, 82, 82, 84

The lower quartile, Q1 is 46, while the median Qﬁ%?:%;:%. The upper

guartile, Q3 is 68
Q1=46 Q2=58 Q3=68
Minimum Value = 20

Maximum Value = 84

(] [
= =
¥

10 30 40 50 60 70 &0 90

Q1 Q2 Q3

Figure 4.12Posttest Box Plot for Control Group

IQR=0Q3-Q1=68-46=22

IQR x1.5=22x1.5=33
Lowerinnerfence= Q1- (IQRx1.5)
Lowerinnerfence= 46-33
Lowerinnerfence=13
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This means that any mark in the data set that is lower than 13, is an outlier. In this case,
there were no Oultliers.
Upperinnerfence= Q3+ (IQR x1.5)

Upperinnerfence= 68+ 33
Upperinnerfence=101

This means that any mark in the data set that is higher than 101, is an outlier. In this

case, there wereorOutliers.

Table 4.16: Summary of Control Group of Pre and Posttest Results

Test Number of Participants Mean Outliers
PreTest 50 42.3% 1
PostTest 50 55.5% 0

As shown in Table 46, the mean score for the Control Group was 42.3% in the pre
test. Afeer teaching these participants with the available conventional apparatus, the
posttest mean score increased to 55.5%. The pass increase betweentést ane
posttest was 13.2%This increase could have been brought about by the fact that
participantshad learnt somethingddne outlier was recorded in the gest. However,

this outlier could easily be ignored as it was a Mild Outlier.

Table 417 Pre-test Results: Comparison between the Experimental and the

Control Group

Group Number of Participants Mean Standard Deviation

Experimental 50 44.5% 13.8

Control 50 42.3% 15.9
Difference 2.2%
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Before any lesson was taught to the two groups, there was a very minimal difference
(2.2%) in performance in #pretest as shown in Tablel¥. The experimentajroup
was higher by only 2.2%. This difference is acceptable since the participants were
selected at random. It is practically impossible to have the same average mark in the
two classes even when the participants are selected purpo3ikvelfact the dierence
between the experimental and control groups was minimal, suggests that the two

groups were well balanced in terms of intellectual achievement.

Table 4.18 Posttest Results: Comparison between the Experimental and the

Control Group

Group Number ofParticipants Mean Standard Deviation
Experimental 50 67.3% 14.8
Control 50 55.5% 16.8

After teaching both classes the same topics, but different apparatus, it was observed
that the mean pass rate for the Experimental greagp67.3% as shown in Tablel8.

On the other hand, the mean pass rate for the Control Group was 55.5%, representing
an 11.8% difference between the two groups. This difference in the pass rate between
the two groups can be attributed to the use of the improvised apparatus asmenppl

to the conventional ones for the Experimental Group.

4.10Comparison of the pre and postests results of the Experimental andControl

Groups using ttest

Table 419 shows the results of the pre and gests of the Experimental and Control

Groupswhen they were being comparesing ttest
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4.11: Pre-test t-test calculations

Table 419 Pre-test results

Experimental Scoréno)

Control Scorg%)

62 50
42 40
52 30
44 40
26 40
38 50
66 50
60 58
46 56
48 24
54 28
8 38
32 50
38 36
40 46
36 44
40 50
42 10
48 42
A4 A8
58 46
54 52
62 8
52 18
68 34
22 34
28 A4
36 A4
54 A4
52 68
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62 32
46 44
44 52
42 52
52 56
58 68
60 2
62 32
14 50
42 42
28 54
22 60
38 60
42 58
44 62
44 48
52 52
16 56
56 2
50 12
Mean (X) 45 42
st. dev 14 16
Variance (S) 190 254
N 50 50

Formula 4.7.17 Calculations of the tvalue of the Pretest Results

Where X, and X are the two means of the experimental and control groups

respectively.S. and Sf are the two variances of the experimental and control groups

respectively.
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45- 42

fio, 254
50 50
3

t

4+5
1=
J9
=3
3
t=1
\ t-value=1

p=0.05

Degree of freedom, df=(50+50)2=1007 2=98

\ df=98

Hence critical value = 1.99

Since the critical value (1.99) greater than thetalue (3, suggests that there was
nothing that influenced the results in the-pest of both lhe experimental and control
groups. The difference between the experimental and control group in ttesipveas

therefore insignificant

4.12Comparison of the pre and postests results of the Experimental and Control

Groups using ttest

Table 410 shows the results of the pre and ptests of the Experimental and Control
Groupswhen they were being comparesing ttest
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413 Posttest t-test calculations

Table 4.2 Pre-test results

Experimental Scoréhb) Control Scorg%)
86 48
72 40
72 32
64 44
42 44
54 54
82 54
84 64
64 62
66 32
72 36
28 46
52 58
58 46
60 56
56 54
60 60
62 22
68 54
64 60
78 58
74 64
88 22
72 32
92 48
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44 48
50 58
58 58
80 58
74 82
84 48
70 60
68 68
66 68
76 72
82 84
90 20
86 50
40 62
68 62
38 74
50 80
60 80
70 78
72 82
72 70
80 74
50 80
90 28
78 40
Mean (X) 67 55
st dev 15 17
Variance (S) 220 283
N 50 50
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Formula 4.7.27 Calculations of the tvalue of the Pbst-test Results

WhereX_ and X are the two means of the experimental and control groups

respectively.Si and Sﬁ are the two varianceg the experimental and control groups

respectively.

(12
3

t=4

\ t-value=4
P=0.05
Degree of freedom, df=(50+50)2=1007 2=98
\ df=98

Hence critical value = 1.99

The critical value (1.99) is less than theatue (4). This suggsts that there was

something that influenced the results.

61



4.14Chapter Summary

The just ended chapter outlined the findings of the study from each of the three
research questions. It was 8dcondany \Behook d t h:
lacks manyessatial apparatus necessary for treaching and learning of Physics
hence a greater need for improvisatitinwas also observed that all the teachers of
physics at least use improvised apparatus in one way or another when teaching.
Additionally, it was dscovered that in the ptest, the mean score for the experimental
group was 44.5% while for the same test, the mean score for the control group was
42.3%. These two scores are very close to each other, showing that the two groups
were almosttie same inerms of their academic achievemeht the postest, the
experimental group mean score was 67r8gesenting an increase of Z4.8rom the

results in the pr¢est, while in the same test, the control group mean score was 55.5%,
representing an increasé I8.26 from the results in the pttest. In the next chapter,

these findings are discussed in detalil.
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CHAPTER FIVE

DISCUSSION OF FINDINGS

5.1 Overview

This chapter discusses the findsngf the investigation othe efficacy of improvised

apparatusn teachingof selectedtopicsin Physicsat MukamambollGi r | s6 Second
School The discussion ipresented according to thbjectivesof the studywhich were
tooestablish the need for i mprovisation 1in
Schoo| estalish how often teachers use improdsapparatus in the teaching of
Physics at Mu k a ma mb o | ,landGinatlyl tsdéterndre e d ar vy
effective improvised apparatwgere in teaching Physicavhen they were used as a

supplement to conventionahes.

5.2 Need for improvisation of apparatusin teaching ofPhysics at Mukamambo |l

Girlsé Secondary School

5.2.1 Discussion on observations made by the researcher

According to the Ministry of Education (1996), many secondary schools do not have
science agparatus, and if they do have, then they are not enough to cater for the ever
increasing enrol ments in most of the scho
is one of the many secondary schools which do not have adequate teaching and
learning apparatusMany studies:Ministry of Education (1996)Khawla & Abdul

(1999) Oloyede (2007)Ministry of Education (2009)Adeyemo (201Q) Olufunke
(2012),Aina (2013),MohammedandTitus (2016),all indicate that many schools lack

pieces of apparatus in scien@sl therefore, encourage teachers to improdiseng

their teaching
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According toTable 4.51 (a)itwase st abl i shed t hat Sebbmdarg ma mb o
School faceschallengeswith apparatus where teaching and learning bysits is
concerned. This is sbecause the school lacksany essential apparatus required fo

the teaching and learning ohy&ics. Some of the available apparatus faw in

number. Additionally, most of the available apparatus weoefunctional. For

example the department had ontyee (3) Micrometer Screw Gauges, two (2) beam
balances andnly one (1) water bath which were all rumctional. This shortage and

in most cases non availability of essenipparatus suggests that there is greater need

for improvisationof apparatugf Physics is to be taught effectivaly this school

5.2.2 Discussion on findings from FGD

From the findings on FGD, it was clear th
School had not used many of the conventional Physics apparatus. Pupils oty used
hear about certain apparatus. For certain apparatus like vernier calipers and micrometer
screw gauges, pupils knew how to take readings from the diagrams even though they
did not know how to use the actual instrument. For this reason, there is Beaditise
teachers of science to increas®l develop improvisational skilldditionally, schools

should purchase at least a few conventional apparatus so that the pupils can be able to
connect ideas when they see the improvised apparatus. For examiphetalic strip

can be improvised by attaching aluminium foil and paper with the help of Aftes.

being heated, themprovised bimetallic strip bends in the same way that the
conventional one does. Hence, there is need to show learners the actualensso

that they can easily make reference to the improvised.

64



5.2.3How often teachers use improvised apparatus in the teaching of Physics at

Mukamambo Il Girlsd Secondary School

When observed how often teachers dhyBics at Mukamambd | Girl sy Seco
School usd improvised apparatus, it wasscovered that teachers at the schoolaise

lot of improvised apparatus. This is contrary to Ministry of Education (2000) which
claimed that teachers of science lacked improvisational skills. For teadh#his a
school, improvisation ishe order of the day. Maybg&achers from other schools are

the ones that could have lacked improvisational skills. Teactdgheschool were able

to make their own apparatusalmost 8 the sciences as they beliethat they may not

be able to wait for government funding to buy the much needed apparatusal3they
believe that the type of apparatus dnesmatter, whamatters are¢he results produced

at the end of the year. The frequency at which teaddtettse school usemprovised
apparatus clely indicates that they believimat sciencecanbe learnt effectively by
involving practical work. These findings areimilar to studies by any researchers

such asKulik (1992), Black (1993) Hickey et al (2001) Gauvain (2001)Kaulu

(2008), whoassertthat sciences (Physics inclusive) are practical subjects hence best
learnt through experiments, observations, analysis and generalization of conclusion.
Kulik (1992) notes that for Physics and other sciences to be understoadblyetié

there is need to emphasigts instruction in secondary schools through practical
approach.For this reason, teachers of science are supposed to possess skills such as
improvisational skills if they aréo teach their subjects effectively. It shd be made

clear that the type of apparatus used does not matter, what matters much is the level of

understanding by the learners.

From the results on the questionnairdisthee four teachers whtwok part in this study

agreed that the use of improvisepparatus could add value to the academic
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achievement of their learners. Their agreement was in line with the academic
achievement of pupil s of Mu k a ma mb o I G
Examinations. Examinations analysis from 2009 tb&2@vhich ae shown in Table 5.1
indicatethat the school had been doingll in science (5124) in the previous years.

These good results could have been achieved as a result of the use of improvised

apparatus.

Table 5.1 Final Examinations Pass rate in Science

Year 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016

Pass rate (%) 93 85 89 97 92 90 96 93

Despite the good results shown in the table for the years from 2009 to 2016, the

department of science at Mukamambo | I Gir
with convent o n a | apparatus. These resul ts C a
innovativeness.

Therefore, the researcher strongly feels that improvisation should be part of the training
program for any teacher of science to graduate frontethehers training colleges and
universities. Forteachers already in service, the researcher feels that Government
through the Ministry of EducatiofMoE) in Zambia, should introduce training
programs where teachers of science can learn how to improvise certain apparatus. As
claimed bythe Ministry of Education (2000), that most teachers lack improvisational
skills, MoE should also take measures that could make teachers possess
improvisational skills so that they are able to teach even when there are no

conventional apparatus.
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5.2.4Effectivenesof improvised apparatus in teaching Physics, when they are

used as a supplement to conventional ones.

The data collected under this objective \pasely quantitative in nature. Therefore, the
data was analysed quantitatively in termsdekcripive statistics i.e. means, modes,

frequencies.

5.2.5Discussion of Results from Pre and Pogest of Experimental and Control

Groups

In the pretest ofthe experimental groyphemean score wa44.5% with an outlier of
1. In the postest, the mean scofer the experimental group was 67.3%thout any
outlier scores. There was an increase of 22.8% between the mean score ifgke pre
and the mean score of the ptesst. This increase can be attributed to the fact that

improvised apparatus were usedha teaching of Physics to the experimental group

In the pretest ofthe control groupthe mean score was 42.3% without any outlier
score. In the podest, the mean score for thentrol group was 55.5%rlhere was an
increase of 13.2% between the meaorsdn the prdest and the mean score of the
posttest. This increase can be attributed to the fact that learning took place even though
improvised apparatus were not used in the teaching of Physics to the control group.
Outliers were calculated and it svdound that in the poseést, there was no outlier
score.Even if learning took place in the control group, the pass percentage was lower

thanthat of the experimental group in the ptest.

In the pretest, experimental group mean score was 44.5%, Wialenean score for the
control group in the preest was 42.3%. There was2a2% difference between these
scores. This difference could not be avoided as the participants were selected at

random. However, the two mean results were very close to each Diieshows that
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both the experimental and control groups were well balanced in terms of participant

intelligence.

In the posttest, experimental group mean score was 67.3%, while the mean score for
the control group in the poestst wass5.5%. There waan 11.8%difference letween

these scores. Thidifference in the mean score between the experimental and control
groups could be attributed to the use of improvised apparatus in the case of the
experimental group, and the rase of improvised apparatus the control group.
Therefore, it can be assumed that improvised apparatus are effective in the teaching of
physics. These findings are in line with other researchers suthat® et al (2011),
Osuolale(2014)and Sileshi (2012)vho found that improvisedpparatus are effective

in the teaching of science, more especially when they are used in conjunction with
modern apparatus. Findings from these researchers that improvised apparatus are better
used in conjaction with modern ones ax@lid. This isbecaus it is almost impossible

to use improvisedgparatus only without any conventiorgdparatus in most of the
lessons,foe x ampl e, when you wish to verify Ohm
board and cheap discarded wires. Howeyely may not be abléo improvise an
ammeter ad a voltmeter, hence the need to supplement the conventional apparatus

with improvised ones.

5.2.6Discussion of the Null Hypothesis:

Null Hypothesis: There is no statistically significant difference in the mean
performance insdence 5124/Ibetweenpupils taught with improvised materiakss a
supplement to conventional oresd those taught witbnly the available conventional

materials
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Since the critical value (1.99) wdsss than the-value (4, the use of improvised
apparatuss a supplement to conventional orieluenced the esults in the pogest

of the experimentaggroup This entails that the Null Hypothesis which suggests that
there is no statistically significant difference in the mparformance irscience 5124
betveenpupilstaught with improvised apparatas a supplement to conventional ones
and those taught witbonventionamaterialsonly if they are available can be rejected.
In this case, aralternativecan be accepted. The alternatiseggests thathere is
statistically significant difference in the meaerformance inscience 5124€etween
pupilstaught with improvised materiags a supplement to conventional oaad those

taught withonly the available conventionalaterials.

The findings of this study arin line with the theoretical framework which guided this
study. As observed with the learners in the experimental group, their senses were
stimulated at all times during their learning process since each lesson had a practical.
Because of this, learningccurred most effectively as compared to the control group
which only did practicals with the available conventional apparatus. This made the

experimental group to perform better than the control group in thegsist
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CHAPTER SIX

CONCLUSION AND RECOMMEN DATIONS

6.1 Overview

This chapter has two main parts. The first part is the conclusion of the study based on
the results obtained, Wl the second part of the chaptre the recommendations

based on the findings.

6.2 Conclusion

The results of the studyeveal ed t hat Muweéadarp Scbhool lackéd Gi r |
essential apparatusrfdhe teaching and learning ohysics. However, 96% of the

pupils agreed that teachers used improvised apparatus when teaching and 92% of the
pupils indicated that teachersedsimprovised appanag most often. These findingsea

in line with the observations that the researcher made. On the other hand, after
analysing the results in the prests and pogests for the experimental and control

groups, it was revealed that tegperimental group performebletter than the Control

Group by only 2.2% in the piest. However, after a series of lessons, the experimental

group outperformetheir control group aunterparts by a wider margin of 11.8%.

Therefore, based on the resultdamed in this study, it can be concluded that when
improvised apparatus are used as a supplement to the conventional ones, they are of
high efficacy as they greatly improve pupil performance in physics at Mukamambo Il

Girlsé Secondary School

6.3 Recommendations

Based on théndings of the study, the following recommendations were made
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The fact that learners whwere taught using a mixture of improvised and conventional
apparatus outgpformed their counterparts whavere taught by the available
conventimal apparatus does not mean that the improvised apparatus are effective on
their own. It is therefore recommended that teachers of Physics should always use

improvised apparatus in conjurat with the conventional ones.

Additionally, it is recommended théhis approach be adopted for teaching of Physics
in schools which do not have enough apparatus in Zambia. This will greatly improve

the learning of science in Zambia.

We also recommenithatthe methodf improvisationbe tried in other science subjects.
This is important because even other sciences apart from Physics could be having

shortages of apparatus
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APPENDICES

APPENDIX A

LABORATORY OBSERVATION SCHEDULE

1. AVAILABILITY OF APPARATUS

1.1Follow up questions
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2. TABLE 2.1: USE OF IMPROVISED APPARATUS

S/IN

Descriptors

Use

Never

Rarely

Sometimes

Most often

Do teachers use improvised
apparatus when teaching
Physics?

How often do teachers use
improvisedapparatus when

teaching?

How often do teachers use
improvised apparatus in
conjunction with conventional

ones?

Do improvised apparatus help
achieving teac

objectives?

Are improvised apparatus safe

for the teacher and leaars?

Do the teachers allow learners

these improvised apparatus?

Are the learners motivated by
the use of the improvised

apparatus in their learning?

How often do teachers assess
the performance of learners in

physics?

2.1 Comments

é .

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
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3. TABLE 2.2: MAKING OF IMPROVISED MATERIALS

S/IN Descriptors Making

Never Rarely Most often

1 | Do pupils participate in making

improvised apparatus?

2 | Are there any challenges faced whg

e

making these improvised materials

3 | Does the Department receive any
support from the school manageme
regardinghe making of improvised

apparatus?

3.1 Follow up questions
) What factors could be hindering the guation of improvised

apparatus?

()] What type of support can teachers receive from administration with

regard to making improvised apparatus?
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APPENDIX B

PHYSI CS TEACHERSO RESEARCH QUESTI ONNAI RE

PARTI CI PANT | D: ééeeéééeeceééeecececé.

GENDER: eééeééeéecéceéceeaee.

INSTRUCTIONS
O Do not write your name anywhere on this questionnaire.

O Answer all questions by placing a tick where possible. You may be required to

write short statements where necessary.
O Do not expose your answers to yaotleagues

1. Which of the Grade 11 Classes do you teach?

11 Violet

11 Yellow

11 White

2. How long have you beeim service as a teacher of Physics?

0-5years

6- 10 years

11- 15 years

16 years and above
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3.For how | ong have vyou been teaching

Sewondary School?

0-5years

6 - 10 years

11- 15 years

16 years and abov

4.In your opinion, which relevantigoes of apparatus are lacking imyRics (if

any)?
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5. During Physics lessons, do you teach using improvised apparatus?

Yes

No

6. If your answer to question 5 is ydsow often do you teach using improvised

apparatus?

Always

Sometimes

N/A
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7.How do your pupils receive the idea of being taught using improvised

apparatus?

Positive

Neutral

Negative

8. For how long have you been improvisiagparatus foteaching of Physics?

0-5years

6 - 10 years

11- 15 years

16 years and above

9. How do you usémprovised apparatus when teaching Physics?

As a supplement to the conventional o

Improvised apparatus alone

10.When you use improvised apparathsw is the performance gfour pupils

duringthe lesson?

Very good

Good

Not good
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11. On which of the follaving Grade 11 topics do you improvise more?

Thermal Physic

Wave Motion

Sound

Light

Magnetism

12.Do you involve your pupils in making improvised apparatus?

Always

Sometimes

Never

13. Do you encounter any challenges when it comes to improvisation?

Yes

No

If you do, mention some of them.
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14.Do you think the use of Improvised apparatus ealdl value @ improve

academi@achievement of your learners?

Yes

No

15.In what ways do you think improvised apparatus can be improved?
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16.How do you find teaching of Physics using a mixture of conventional and

improvised materials?

Boring

Less nteresting

Interesting

Very interesting

17. Are the improvised apparatus safe for the teachers and learners use?

Very safe

Safe

Somehow risky

18.If your answer to question 17,0lw do you improve the safety of these

improvised apparatus?
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Trying them before using them with puf

Using of demonstration only

Thank youfor your participation
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APPENDIX C
FOCUS GROUP DISCUSSIONGUIDE

Instructions

My namesare Sichone Aggrey | am currently studying for my Master of Education in
Science Education, MEd.Sc.Ed, at the University of Zambia. Currently, I am
conducting research in Science Education, which is one of the major requirements for

my completion of thetudies.

| am therefore, encouraging you to participate fully in this discussion. However, | have
to mention that participation in this group discussion is purely voluntary. On the other
hand, | must assure you that what we shall discuss here is purabaftemic purposes
only. Therefore, feel free to express your opinions or views. Please take note that

during this discussion, there is no wrong answer at all.

| also have to mention that if, for any reason, you feel that you cannot continue with
this disussion, you are free to leave. No questions will be asked as to why you would

not want to continue with the discussion.

1. Do you understand what the term improvisation mean?

2. What Physics apparatus are lacking at this school?

3. Do you think improvised apparaucan help you, as a learner, to learn science
effectively? Defend your answer.

4. How often do your teachers ohykics use improvised apparatus when teaching
you?

5. What are the advantages and disadvantages of usipgovuised materials in

learning Pysics?

88



6. Whom do you think, should make the improvised apparatus that you use when
learning Physics?

7. Do you have any problems regarding the use of these improvised apparatus?
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APPENDIX D
PUPI LSO RESEARCH QUESTI ONNAI RE
PARTI CI PANT | D: ééeééeecéecéececcée

This questionnae is meant for academic purposes only. The information that you will

give will be treated with the highest level of confidentiality.

6.1 Meaning of an important term
INSTRUCTIONS
O Do not write your name anywhere on this questionnaire.

O Answer all questiondy placing a tick where appropriate. You may be

required to write short statements where necessary.
INFORMATION

The word, i | ;o rmake ia ssabstituten rasomething out of the
materials thafre available at that time so that the teaching of dRisy proceeds
without any difficulty. These improvised apparattan belocally made by your

teachers.
Do not expose your answers to your friends.

1. Which Class do you belong to?

11 Violet

11 Yellow

11 White
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2. Are you a boarder or a day scholar?

Boarder

Day Scholar

3. Do you belong tahe JETSClub or not?

Yes

No

4.1 f your answer 3jfa hoi e have yowbeen a mesnber?o n

Less than 1 year

1to2 Years

2 to 4 years

More than 4 years

5.If you are a JETS member, what category are yarested in?

Projects

Quizzes

Olympiads

6. How have you been acquiring materials needed for JETS activities?

Schools supply

Buying my own

Making my own
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7For how | ong have you been at Mukamambc

1 Year

2 Years

3 Years

4 Years

8. During Physics lessons, do your teachers teach using improvised apparatus?

Yes

No

9. If the answer to question 8 is ydgww often do they teach you with improvised

apparatus?

Always

Most often

Rarely

Never

10. When teachers ugmprovised apparatus, do ytwow do you perform during

the lessog?

Very good

Good

Poorly
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11.In case there were no apparatus in the laboratory to teach a certain topic, would

you encourage your teacher to improvise?

Yes

No

12.Do you think the use ofmprovised apparatus can add ato your academic

performance?

Yes

No

13.0n which of the following Grade 11 topics did your teacher use more

improvised apparatus?

Thermal Physic

Wave Motion

Sound

Light

Magnetism

14.Would you like the improvisation of apparatus be extended to othemcsci

subjects?

Yes

No
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15.Do you feel improvised apparatus should be continteetbe used in the

teaching of science at this school?

Yes

No

Not Certain

16.In terms of teachingwhat has been your experience of learning Physics with

improvised apparatus asmpared to other lessons?

Bad

Good

Very gooc

17.How did you find the 4 weeks learning of Physics using a mixture of

conventional and improvised materials?

Boring

Less Interesting

Interesting

Very Interesting
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APPENDIX E

PRE-TEST

MUKAMAMBO | | SEGONRARY ECHOOL

GRADE 11 PHYSICS TEST

PRE-TEST

,,,,,,,,,,,,,,,,,,,,,,,

Name: eééeéecéeééeecéeecéeceéaeée Durati on:

INSTRUCTIONS:

AnswerALL questions in this question paper.

Write your answers on the spaces provided on this question paper.

1. A stone of mass 500 g fell fby from a 10 m tall bilding. Assuming that g=10

N/kg or (m/g)

(a) Calculate,

(i) the weight of the stone. [1]

(i) the energy of the stone before it started falling. [2]

(i) What kind of energy does the stone pess on impact witthe ground[]
95



-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
N
N
N
N
N
N
N
N
N
N
N

D

D

D

(iv) How much energy does the stone @gssson impact with the grounfi

(v) With what speed does the stone hit the ground with?

(b) State thd_aw of Conservationof energy.
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2. The diagram below shows a pulley being used to lift a 12 kg load.

T

f2iq

Assuming that g=10 N/kar (m/<) calculte

(a) the weight being lifted
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(b) the velocity ratio of the pulley? [1]

(c) the mechanical advantage if the efficiency of the system is 75%. [3]

(d) the size of the effort needed to lift the load? [2]

(e) how much wok is done by the effort if the load is lifted 0.5 m? [2]
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3. The figure below shows a metal pan containing water on a cooker. The hotplate

heats the water.

handle
water /

——— metal pan

cooker
P hotplate

(b) (i) On the figure above, draw an arrow to show the direction of movement of

the water at point X. [1]

(i) Explain why the water moves in this direction.
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4. The diagram below shows a circaontaining two resistors of 2 Ohms and 4 Ohms

connected with an instrument P, a 24V power supply and a switch S.

2Q 4Q

|- J L. J

24V

From thediagramabove,

(a) stateif the two resistors are in parallel or series. [1]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

€. éé¢éééceéééceéeeééecéeecéeéecedeccet

(b) what doesnstrument Pmeasure? [1]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

€. 66¢éééeééceééeécéeceeéeéedeceeceeecée

(c) calculate the total resistance in the circuit. [2]
(d) what is the reading on instrumentvihenthe switch S is closed. [2]
(e) at what rate is energy being transferred in the di?cui [1]
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5. The diagram below shows a bimetallic strip made from two metals A and B, being

used to make a thermostat.

B

e (77>

A

(a) Name the method of heat transfer through solids. [1]

"""""""""""""""""""""

eeeeeeeeceeeeeeeeeeceeeceeeeeeeeeeeeecece

Assuming that metal A expands more thaetal B, draw another diagram, next to

the diagram above, to show how it willggar after it has been heated.  [2]

(b) The figure below shows the bimetallic strip being used in a thermostat of an

electric pressing iron.

——]

metal X

metal Y

a) Which metal, X or Y, expands motigan the other? [1]

///////////////////////////////

eeeeeeeceeeceeeceeeeceeeeceeeceeeceeeeceece

b) With reference to the metals X and Y, explain how the thermostat works in the

electric pressing iron shown above. [4]
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6. (a) Water waves are transverse waves. Sound is a longitudinal wave.

(i) Describe the difference between transverse waves and longitudinal waves. In

your account, draw a diagram of each type of wave. [4]
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(i) Sound contains regions obmpressionsandrarefactions. Describe what is

meant by a compression and by a rarefaction. [2]
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(b) The figure below shows a water wave passing a floating log. The log is

stationary.

log B 6.0m -

VaVaVaVi

The log is 6.0 m long and 5 complete waves take 10 seconds to pass point A.

water wave

Determine
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(i) the wavelength of the water waves, [1]

(ii) the frequency of the water waves, [2]
(iii) the speed of the water waves. [2]
END OF TEST
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APPENDIX F

POST-TEST

MUKAMAMBO Il GIRLSG S@ECONDARY

GRADE 11 PHYSICS TEST

POST-TEST

,,,,,,,,,,,,,,,,,

Name: ééééééééééeceeeeéeéééééd Duration:

INSTRUCTIONS:

AnswerALL questions in this question paper.

Write your answers on the spaces provided on this question paper.

7. A stone of mass 500 g fell freely from armQtall building. Assuming that g=10

N/kg or (m/g)

(c) Calculate,

(i) the weight of the stone. [1]

(i) the energy of the stone before it started falling. [2]

(i) What kind of energy does the stone pess on impact with the grounpd]?
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(iv) How much energy does the stone @gssson impact with the grounfi

€. eeééeceecekeééeceeceééececécecee

(v) With what speed does the stone hit the ground with?

(d) State thd_.aw of Conservationof energy.
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8. The diagram below shows a pulley being used to lift a 12 kg load.

T

f2iq

Assuming that g=10 N/kg, or (nf)scalculate

(f) the weightbeing lifted
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(9) the velocity ratio of the pulley? [1]

(h) the mechanical advantage if the efficiency of the system is 75%.  [3]

(i) the size of the effort needed to lift the load? [2]

(1) how much work is done bye effort if the load is lifted 0.5 m? [2]
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9. The figure below shows a metal pan containing water on a cooker. The hotplate

heats the water.

handle
water /

——— metal pan

cooker
P hotplate

(b) (i) On the figure above, draw an arrow to show the direction of movement of

the water at point X. [1]

(i) Explain why the water moves in this direction.
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10. The diagram below shows a circuit containimg resistors of 2 Ohms and 4 Ohms

connected with an instrument P, a 24V power supply and a switch S.

2Q 4Q

|- J L. J

24V

From thediagramabove,

(f) stateif the two resistors are in parallel or series. [1]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

€. éé¢éééceéééceéeeééecéeecéeéecedeccet

(g) what does instrument P measr [1]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

€. 66¢éééeééceééeécéeceeéeéedeceeceeecée

(h) calculate the total resistance in the circuit. [2]
(i) what is the reading on instrumentwhenthe switch S is closed. [2]
() at what rate is energy being transferred in the clPcuit [1]
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11. The diagram below shows a bimetallic strip made from two metals A and B, being

used to make a thermostat.

B

e (77>

A

(c) Name the method of heat transfer through solids. [1]

sz

"""""""""""""""""""

eeeeeeeeceeeeeeeeeeceeeceeeeeeeeeeeeecece

Assuming that metal A expands more than metal B, @r@other diagram, next to

the diagram above, to show how it willggar after it has been heated.  [2]

(d) The figure below shows the bimetallic strip being used in a thermostat of an

metal X

d)

electric pressing iron.

——]

metal Y

Which metal, X or Y, expands more than the dthe [1]

///////////////////////////////

eeeeeeeceeeceeeceeeeceeeeceeeceeeceeeeceece

With reference to the metals X and Y, explain how the thermostat works in the

electric pressing iron shown above. [4]
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12. (a) Water waves are transverse waves. Sound is a longitudinal wave.

(i) Describe the difference between transverse waves and longitudinal waves. In

your account, draw a diagram of each type of wave. [4]
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(i) Sound contains regions obmpressionsandrarefactions. Describe what is

meant by a compression and by a rarefaction. [2]
céeéeéeéeéeéeéecéeéececeeeeéeéeéecécet
céeéeéeéeéeéeéeceéeécceeceeceeéeéeéeécet
Eééééeééeéecécécécéeeeeeéeéeéecececece

(b) The figure below shows a water wave passing a floating log. The log is

stationary.

VaVaVaVi

The log is 6.0 m long and 5 complete waves take 10 seconds to pass point A.

water wave

Determine
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(i) the wavelength of the water waves, [1]

(ii) the frequency of the water waves, [2]
(iii) the speed of the water waves. [2]
END OF TEST
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APPENDIX G

AVAILABLE APPARATUS IN THE LABORATORY

S/N Apparatus Quantity | Functional Non-Functional
1 Vernier calipers 3 1 2
2 Micrometer screw gauges 3 0 3
3 Stop watches 50 45 5
4 Standard masses
109 20 20 0
5 209 20 20 0
50 g 15 15 0
6 Electronic balances 40 20 20
7 Spring balances 30 28 2
8 Beam balaces 2 0 2
9 Springs 20 12 8
10 Clamps and stands 50 45 5
Measuring cylinders
25 ml 50 50 0
50 ml 60 60 0
11
100 ml 50 50 0
500 ml 3 3 0
1000 ml 1 1 0
12 Metre rules 20 20 0
13 Ticker tape timers 0 0 0
14 Pulley wheels 0 0 0
15 Gears 0 0 0
16 Pumps 0 0 0
17 Microscopes 2 2 0
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18 Chimneys 0 0 0

Thermometers 0
19 Laboratory thermometer 25 22 3

Clinical thermometer 0 0 0
20 Bimetallic strips 0 0 0
21 Water baths 1 0 1
22 Thermos flasks 0 0 0
23 Wave springs 2 2 0
24 Tuning folks 0 0 0
25 Glass blocks 10 10 0
26 Convex lenses 25 25 0
27 Concave lenses 0 0 0
28 Prisms 0 0 0
29 Mirrors 10 10 0
30 Optical fibres 0 0 0
31 Magnets 7 5 2
32 Iron fillings (in grams) 1000 1000 0
33 Magnetic compasses 1 1 0
34 Electroscopes 2 2 0
35 Ammeters 23 15 8
36 Voltmeters 30 26 4
37 Galvanometers 10 8 2
38 Rheostats 0 0 0
39 Power packs 0 0 0
40 Car batteries 0 0 0
41 Plugs 0 0 0
42 Resistors 20 12 8
43 Electric bells 1 1 0
44 Thermionic tibes 0 0 0
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45 Cathode Ray 0 0 0
Oscilloscopes

46 GM Tubes 0 0 0
Totals 1611 1535 76
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APPENDIX H

RESULTS FROM PRE AND POST TESTS(EXPERIMENTAL GROUP)

S/N  |Participant ID |Pretest (%) Posttest (%) |Change
1 AO001 62 86 24
2 A002 42 72 30
3 A003 52 72 20
4 A004 44 64 20
5 A005 26 42 16
6 A006 38 54 16
7 AO007 66 82 16
8 A008 60 84 24
9 A009 46 64 18
10 A010 48 66 18
11 AO11 54 72 18
12 A012 8 28 20
13 AO013 32 52 20
14 A014 38 58 20
15 A015 40 60 20
16 A016 36 56 20
17 A017 40 60 20
18 A018 42 62 20
19 A019 48 68 20
20 A020 44 64 20
21 A021 58 78 20
22 A022 54 74 20
23 A023 62 88 26
24 A024 52 72 20
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25 A025 68 92 24
26 A026 22 44 22
27 A027 28 50 22
28 A028 36 58 22
29 A029 54 80 26
30 A030 52 74 22
31 AO031 62 84 22
32 A032 46 70 24
33 A033 44 68 24
34 A034 42 66 24
35 A035 52 76 24
36 A036 58 82 24
37 A037 60 90 30
38 A038 62 86 24
39 A039 14 40 26
40 A040 42 68 26
41 A041 28 38 10
42 A042 22 50 28
43 A043 38 60 22
44 A044 42 70 28
45 A045 44 72 28
46 A046 44 72 28
a7 A047 52 80 28
48 A048 16 50 34
49 A049 56 90 34
50 A050 50 78 28
44.52 67.32 22.8
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APPENDIX |
RESULTS FROM PRE AND POST TESTS(CONTROL GROUP)

S/N  |Participant ID |Pretest (%) Posttest (%) |Change
1 BO51 50 48 -2
2 B052 40 40 0
3 B053 30 32 2
4 B054 40 44 4
5 B0O55 40 44 4
6 B056 50 54 4
7 BO57 50 54 4
8 B0O58 58 64 6
9 B0O59 56 62 6
10 B0O60 24 32 8
11 B061 28 36 8
12 B062 38 46 8
13 B063 50 58 8
14 B064 36 46 10
15 B0O65 46 56 10
16 BO66 44 54 10
17 B067 50 60 10
18 B068 10 22 12
19 B069 42 54 12
20 BO70 48 60 12
21 BO71 46 58 12
22 BO72 52 64 12
23 BO73 8 22 14
24 BO74 18 32 14
25 BO75 34 48 14
26 BO76 34 48 14
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27 BO77 44 58 14
28 BO78 44 58 14
29 BO79 44 58 14
30 B0O80 68 82 14
31 BO81 32 48 16
32 B082 44 60 16
33 B0O83 52 68 16
34 B084 52 68 16
35 BO85 56 72 16
36 BO86 68 84 16
37 BO87 2 20 18
38 BO88 32 50 18
39 B0O89 50 62 12
40 B0O90 42 62 20
41 B0O91 54 74 20
42 B092 60 80 20
43 B093 60 80 20
44 B094 58 78 20
45 B0O95 62 82 20
46 B096 48 70 22
a7 B0O97 52 74 22
48 B098 56 80 24
49 B099 2 28 26
50 B100 12 40 28
42.32 55.48 13.16
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APPENDIX J

T-DISTRIBUTION CRITICAL VALUES
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